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INTRODUCTION

he average American consumes an estimated

50 tons of food in a lifetime. This staggering
amount of food represents the sum of daily
choices each of us makes regarding the type,
quality, and quantity of foods. These critical
choices in turn reflect a complex interplay of
many factors, including family upbringing, reli-
gious or philosophical beliefs, as well as practical
matters, such as the cost and availability of foods
and beverages. Importantly, Americans are
increasingly selecting food for health reasons.
They are increasingly aware that food choices pro-
foundly affect health, the quality of life, and even
longevity, and they realize that the explosive
growth in medical costs requires attention to
nutrition and food to prevent disease and even
promote optimal health.

This change represents a “health revolution,”
based on advances in the science of nutrition. It is
even changing the outlook of health professionals.
The old model of curing disease and ameliorating
symptoms is seen as incomplete. We now realize
that disease prevention is the foundation of good
health. This new model of health care emphasizes
the importance of personal choices and lifestyle
modification, especially the critical role of diet in
maintaining health. Inadequate nutrition is linked
to some of the most profound diseases of the last
half-century. We now understand that incorporat-
ing specific nutrients and eating appropriate foods
can reduce the risk of chronic degenerative diseases
and, in some cases, treat or slow their progression.
Arthritis, senility, cancer, obesity, coronary heart
disease, high blood pressure, osteoporosis, and oth-
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ers were once believed to be inevitable conse-
quences of aging.

The health revolution also has changed our
thinking about how the body functions. There is
less emphasis on distinct organ systems and more
focus on integration—seeing the body as a whole.
Extensive research has documented this mutual
interdependence, particularly among the brain
(nervous system), hormones (the endocrine sys-
tem), and defenses (the immune system). For
example, we cannot understand digestion without
considering the effects of hormones, immune cells,
and nerves of the digestive tract.

Americans face many challenges and oppor-
tunities to improve and maintain health. Over-
nutrition and excessive daily calories and,
consequently, obesity and overweight are consid-
ered a major public health concern. We now real-
ize that prolonged emotional and physical stress
can deplete the body of critical protective nutrients
and impair important functions of the body.
Chronic exposure to potentially damaging chemi-
cals in food, water, and air reduces the body’s abil-
ity to fend off infections and cancer. The benefits of
even modestly increasing regular physical exercise
are well established, yet we are tugged in many
directions by commitments that limit the time we
can spend for self-care.

Healthy lifestyle choices, including eating
wisely, can lead to a more productive and person-
ally satistying life. As one of my clients put it, “I
can’t change my job, I can’t change my kids, and I
can't change the way my spouse is, but I can
change the way I eat and how much I exercise.” By
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making informed choices about diet and lifestyles,
we can level the environmental playing field so
that we can feel better about ourselves and live
more active and fulfilling lives.

Patients and consumers are increasingly more
willing to ask questions. They want to be better
informed, and they feel empowered when they
take greater responsibility for their own health and
the health of their families. Making wise choices
requires facts, yet the amount of nutrition infor-
mation available to consumers can be overwhelm-
ing. The basic issue lies in deciphering this
mountain of information without becoming lost in
the maze. We hear advice from talk shows, maga-
zines and newspaper articles, a vast assortment of
books, food advertisements, personal experience
by family and friends, in addition to health profes-
sionals. The often expressed sentiment, “Since
everything causes cancer (or is fattening), why
bother?” reflects vast consumer frustration.

After working with many clients and teaching
nutrition for many years in settings ranging from
family programs to graduate school courses, I saw
the need for a basic sourcebook to serve as a one-
stop introduction to the world of nutrition. The
Encyclopedia of Nutrition and Good Health can provide
the keys to unlocking nutrition facts. My aim is to
demystify scientific concepts without sacrificing
accuracy, so you, the reader, can grasp the essential
ideas quickly and easily. I have eliminated much of
the scientific jargon that can hinder the under-
standing of fundamentals.

This encyclopedia is objective; it does not advo-
cate particular vitamin or diet plan. It does not pro-
mote “cure-alls”; indeed, no single food or
supplement can guarantee health or prevent dis-
ease. The Encyclopedia of Nutrition and Good Health is
up-to-date and comprehensive. It provides current
information on specific foods and nutrients such as
vitamins, minerals, fats, carbohydrates, and pro-
teins. I describe many herbs and plant products
now being widely used, in addition to detailing
each nutrient—how it works in the body and how
it impacts health. The encyclopedia is more than a
supplement guide. Here you will find a discussion
of many food-related conditions, including eating
disorders, obesity, addiction, weight loss and man-
agement, food sensitivities, diabetes, aging, cancer,

and many other chronic degenerative conditions.
Global issues such as world hunger are relevant.

I have sifted through thousands of scientific
papers and carefully evaluated recent advances in
nutrition, food technology, and pertinent medical
breakthroughs. My analysis and synthesis of this
information is based on 40 years of experience as
a biochemist with a keen interest in human
metabolism, nutrition, and clinical laboratory
practice, and as a biomedical researcher and pro-
fessor.

Why a second edition of The Encyclopedia of
Nutrition and Good Health? The dramatic growth of
nutrition research over the last decade has had a
huge impact on health care and public health pol-
icy. I have incorporated much new information by
expanding the number of entries to more than
1,800 and updating approximately 30 percent of
the original text. For readers who wish to explore
key topics, I have included dozens of up-to-date
references to the medical and nutrition-related lit-
erature. Use of botanical preparations has increased
dramatically, and, therefore, I have described more
herbs and botanical preparations. In addition, the
encyclopedia now provides a glossary of common
medical terms and, as a further aid for consumers,
I have included summaries of food labels and
dietary guidelines.

Nutritionists and health care providers of many
disciplines agree that diet and a healthy lifestyle are
the mainstays of health. However, opinion is
divided on amounts of specific nutrients needed for
optimal health. Furthermore, because of research
limitations, we still do not have a complete picture
of the roles played by specific nutrients or supple-
ments in use. For example, do results of animal
studies extrapolate to humans? Do clinical observa-
tions based on a small population of white, middle-
aged males extend to women, elderly persons, or to
different ethnic groups? Sometimes there are dif-
ferences of opinion among experts on how to inter-
pret research findings when several different
hypotheses can explain the observations. This is
natural and inevitable as the science of nutrition
progresses. Yet such controversy can be confusing
and frustrating. Where there is disagreement in the
scientific literature, I have taken the middle ground
in describing pros and cons.
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Only your physician is qualified to diagnose and
treat health conditions. Please consult your physi-
cian for any medical problems you may have,
rather than relying on self-diagnosis and self-
medication, and before using any supplement.
Supplements may alter prescribed treatments and
could interfere with medications, so expert medical
advice is essential.

Armed with new facts you will be able to ask
more questions of your health care providers and
become better informed about your specific condi-
tions or health objectives—whether your concern

is on lowering cholesterol levels, managing hyper-
tension, preserving bone density, losing weight,
boosting immunity, or combating the effects of
environmental pollutants. Consider The Encyclope-
dia of Nutrition and Good Health your nutrition trans-
lator and stepping-stone on your pathway to
wellness.

Yours in health,
Robert A. Ronzio, Ph.D., C.N.S., FA.I.C.
Houston, Texas



absorption  Generally, the passage of liquids into
solid materials and of gases into liquids and solids.
In terms of nutrition, absorption refers to the pas-
sage of substances into body fluids and tissues.
Digestion is only the first step in the assimilation of
nutrients. This chemical breakdown of food parti-
cles releases AMINO ACIDS, GLUCOSE, FATTY ACIDS,
VITAMINS, and MINERALS, which must then be
absorbed by the intestine in order to be used by the
body. Nutrients enter cells lining the intestine (the
intestinal mucosa) and then are drawn into under-
lying cells, where they may enter either the lymph
or bloodstream for distribution to tissues through-
out the body. Tissues absorb nutrients from blood
via capillaries, the smallest blood vessels. Gases,
too, are absorbed. Blood becomes oxygenated in
the lungs by absorbing oxygen from inhaled air and
releasing carbon dioxide that was absorbed from
tissues.

Absorption requires a disproportionately large
surface area to meet the body’s needs. Consider the
total area of the small intestine, which is a highly
specialized absorptive organ. Though this tube is
only about 20 feet long, it has a highly convoluted
surface. Furthermore, the cells lining the surface,
VILLI, are covered with microscopic, hairlike projec-
tions (MICROVILLI) that dramatically increase the
absorptive area to a quarter the size of a football
field. The microvilli move constantly, to trap nutri-
ents and partially digested food, which is further
digested. The upper regions of the small intestine,
the lower DUODENUM, and upper ILEUM, are most
active in absorbing nutrients. Other regions of the
gastrointestinal tract carry out limited absorption:
The stomach absorbs some ALCOHOL, glucose, ions,
and water, and the colon absorbs primarily water
and minerals. (See also DIGESTIVE TRACT, MALAB-
SORPTION.)

Accent The trade name for MONOSODIUM GLUTA-
MATE (MSG). MSG, a common FOOD ADDITIVE, is
used as a FLAVOR ENHANCER.

acerola (acerola cherry, acerola berry) Acerola
fruit is a product from the Caribbean and is one of
the richest natural source of VITAMIN cC. Acerola
juice contains nearly 40 times more vitamin C than
orange juice. Acerola extract is sometimes added to
natural vitamin C supplements. Because of its very
limited availability, the amount added to supple-
ments is usually very small; an acerola-enriched
vitamin C preparation may contain as little as a
tablespoon of acerola extract per barrel of vitamin
C powder.

acesulfame-K (acesulfame potassium; Sunett)
This non-caloric, ARTIFICIAL SWEETENER tastes
approximately 200 times sweeter than table sugar
(sucroskg) and lacks the bitter aftertaste of SACCHA-
RIN. The United Nations Food and Agriculture Orga-
nization endorsed acesulfame-K as a satisfactory
artificial sweetener in 1983. Acesulfame-K was
approved in 1988 by the U.S. FDA as a sugar sub-
stitute to be used in packets or as tablets and now is
approved for use in chewing gum and in powdered
drink mixes. Unlike ASPARTAME, acesulfame-K can
be used in cooking because it does not break down
at oven temperatures. Blending Sunett with other
low-calorie sweeteners creates a beverage with a
more sugarlike taste than one sweetened with any
single low-calorie sweetener.

The Center for Science in the Public Interest has
raised questions about Sunett’s safety, saying a few
tests on rats indicated a possibility of cancer, al-
though this was not proof that the sweetener could
cause cancer. The Calorie Control Council counters
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that the safety of acesulfame potassium has been
confirmed by more than 90 studies, and it is
endorsed by a committee of the World Health
Organization. Theoretically, it would not be
expected to be absorbed by the body. Nonetheless,
some studies suggest that large doses raise blood
CHOLESTEROL levels in diabetic laboratory animals
and increase the number of lung and mammary
tumors in other animals.

acetaminophen See ALCOHOL-DRUG INTERACTIONS.

acetic acid A fermentation product of wine.
During fermentation, certain bacteria produce
acetic acid by oxidizing alcohol when exposed to
air. VINEGAR contains 4 percent to 6 percent acetic
acid, which gives vinegar its characteristic sour
taste. As vinegar, acetic acid is a common ingredi-
ent in food preparation.

One of the simplest organic acids, acetic acid
contains only two carbon atoms. It is classified as a
weak acid because it is only partially ionized,
unlike strong mineral acids, such as hydrochloric
acid.

Acetic acid plays a pivotal role in metabolism. To
be metabolized, acetic acid must be activated as
acetyl CoA, in which acetic acid is bound to a car-
rier molecule, COENZYME A, which is in turn derived
from the B vitamin PANTOTHENIC ACID. Metabolic
pathways that oxidize fatty acids, carbohydrate,
and amino acids for energy, all yield acetyl CoA,
the common intermediate by which carbons from
these fuels enter the KREB’S CYCLE to be oxidized to
carbon dioxide. Alternatively, acetyl CoA can be
used as a building block. It forms saturated fatty
acids, cholesterol, and ketone bodies. Nerve cells
can use it to form the NEUROTRANSMITTER, ACETYL-
CHOLINE. Tissues combine acetic acid with amino
sugars to form a family of sugar derivatives like N-
acetylglucosamine and N-acetylgalactosamine that
help define recognition sites on the surface of cells
and blood group specificities, such as the A, B, O,
and Lewis blood groups used in blood typing.

acetoacetic acid (acetoacetate) The most preva-
lent of the KETONE BODIES, which are acids pro-
duced by the liver. Acetoacetic acid is a useful fuel;

it is readily oxidized by the heart and brain for the
production of ATp, the energy currency of cells.
Though small amounts of ketone bodies are nor-
mally produced by liver metabolism, an excessive
buildup of acetoacetic acid and its derivative, BETA
HYDROXYBUTYRIC ACID, in the blood (ketonemia)
can occur during excessive fat breakdown, when
the liver cannot completely oxidize massive
amounts of fatty acids released from fat (ADIPOSE
TISSUE). Conditions conducive to excessive ace-
toacetic acid production include STARVATION (pro-
longed FASTING), crash DIETING, uncontrolled
DIABETES MELLITUS, and chronic ALCOHOLISM.

Ketone body production serves an important
role in the physiologic adaptation to starvation.
With prolonged starvation, the blood levels of
ketone bodies rise, and more of them cross the
BLOOD-BRAIN BARRIER to be taken up by nerve tis-
sue, where they are burned for energy. Conse-
quently, the brain requires less blood glucose
(blood sugar) for energy at a time when this fuel is
at a premium. The sustained build-up of ace-
toacetic acid in the blood (KETOSIS) can acidify the
blood, leading to metabolic Aciposis, and alter
the acid-base balance of the body, a potentially
dangerous condition. (See also ELECTROLYTES; FAT
METABOLISM.)

acetone The simplest ketone. Ketones are an
important class of organic compounds. Acetone is a
volatile compound that forms spontaneously by
the breakdown of the KETONE BODY, ACETOACETIC
ACID. Unlike its parent compound, acetone is a
metabolic dead end and cannot be metabolized for
energy production. Its occurrence is a sign of severe
and prolonged imbalanced carbohydrate and fat
metabolism. Acetone has a characteristic sweet,
ether-like odor, which accounts for the characteris-
tic breath of individuals with uncontrolled DIABETES
MELLITUS. Acetone and ketone bodies are excreted
in urine under conditions promoting extensive
mobilization of fat stores, as STARVATION and meta-
bolic disorders. (See also ACETOACETIC ACID; FAT
METABOLISM; KETOSIS.)

acetylcholine  One of the best characterized NEU-
ROTRANSMITTERS. This family of brain chemicals car-
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ries nerve impulses between individual nerve cells
(neurons) and between neurons and muscle cells.
Acetylcholine is involved in memory, in processes
associated with thinking, in muscle coordination
and in many other functions. Nerves that secrete
acetylcholine are called cholinergic neurons. An
electrical impulse traveling down such a neuron
liberates acetylcholine, which then floods across
the gap (synapse) separating the neuron from an
adjacent cell, where it binds to its neighbor. A
bound neurotransmitter in turn triggers an elec-
trical impulse or other reaction in the receiving
cell. Acetylcholine is destroyed by the enzyme
cholinesterase, which clears it from the synapse
and prepares it for the next impulse.

The brain synthesizes acetylcholine from
CHOLINE, a nitrogen-containing ethanol derivative,
and acetyl CoA, an activated form of acetic acid.
Therefore, administering choline, or the phospho-
lipid LECITHIN, a dietary source of choline, might
be expected to increase brain acetylcholine levels.
This strategy has been used in clinical trials to
treat TARDIVE DYSKINESIA. Up to 50 percent of
patients in mental hospitals suffer from this condi-
tion, characterized by uncontrolled twitches of
muscles of the face and upper body. This is a side
effect of certain tranquilizers and antipsychotic
drugs, which may cause a deficiency of acetyl-
choline in critical regions of the brain. (See also
SENILITY.)

acetylsalicylic acid The chemical name for
ASPIRIN.

achlorhydria A condition resulting from the lack
of STOMACH ACID. DIARRHEA, stomach discomfort,
and bloating are common symptoms of achlorhy-
dria, which has serious effects. It can lead to MAL-
NUTRITION, even when the diet is well balanced,
because achlorhydria drastically reduces the effi-
ciency of DIGESTION. A chronic MALABSORPTION Syn-
drome leads to deficiencies of VITAMIN B,,, CALCIUM,
IRON, and other nutrients and sets the stage for
chronic FATIGUE, OSTEOPOROSIS, ANEMIA, and serious
infections. Although causes of achlorhydria are
unknown, lowered stomach acid production is
associated with anemia, stomach inflammation,

CELIAC DISEASE, diabetes, lupus, myasthenia gravis,
rheumatoid ARTHRITIS, and some forms of cancer.

Limited stomach acid production, not the
absence of stomach acid, is termed HYPOCHLORHY-
DRIA. It is not as severe a condition as achlorhydria,
although unless corrected, the ensuing malabsorp-
tion syndrome can have similar, detrimental long-
range effects on health. In either situation patients
may be advised to take supplemental hydrochloric
acid in the form of BETAINE HYDROCHLORIDE or glu-
tamic acid hydrochloride with meals to enhance
digestion. These supplements should be used with
medical supervision because of the danger of over-
dosing. (See also ACID; GASTRIC JUICE.)

acid A large family of compounds that taste sour
and can neutralize bases to create salts. Strong
acids like hydrochloric acid (STOMACH AcID) and
sulfuric acid (battery acid) give up all of their pro-
tons in water and lower the pH, the effective
hydrogen ion concentration. A pH of 7.0 is neutral,
that is, neither acidic nor basic, while pH values less
than 7.0 are considered acidic. Exposure to strong
acids tends to damage cells and tissues. The stom-
ach is the only organ normally exposed to strong
acids, but it is protected from injury by a heavy
mucous layer.

In contrast to strong acids, organic acids are clas-
sified as weak acids because they donate only a
portion of their hydrogen ions, lower the pH to a
lesser degree, and are less dangerous to tissues.
Many compounds in foods are weak acids, includ-
ing CITRIC ACID, ACETIC ACID, and TARTARIC ACID.
Several weak acids are used as FOOD ADDITIVES,
including benzoic acid, CARBONIC ACID, and alginic
acid. As food additives and recipe ingredients, weak
acids add tartness to foods. Weak acids are common
intermediates, products of cellular processes that
sustain life, including LACTIC ACID, KETONE BODIES,
PYRUVIC ACID, acetic acid, FATTY ACIDS, SUCCINIC
ACID, citric acid, even the nucleic acids DNA and
RNA. GLUTAMIC ACID and ASPARTIC ACID (two com-
mon AMINO ACIDS) are classified as acidic amino
acids, and are more acid than most.

In the body, weak acids characteristically have
lost all their hydrogen ions and exist as a family of
anions (negatively charged ions) classified as “con-
jugate bases” because they have been completely
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neutralized by the buffer systems of blood. In the
blood, lactic acid exists as its anion, lactate; ace-
toacetic acid (a ketone body) as acetoacetate; citric
acid as citrate, and so on. Often the names of acids
and their anions are interchanged in nutrition lit-
erature. (See also ELECTROLYTES.)

acidemia The condition in which blood becomes
acidic. (See also ACIDOSIS.)

acid-forming foods Foods that create acidic
residues after they have been broken down by the
body. Protein-rich food, such as EGGS, MEAT, and
poultry, produce acidic residues when oxidized for
energy. The combustion of sulfur-containing amino
acids tends to acidify the body (acidic residue). In
contrast, fruits and vegetables make the body more
alkaline or basic. They contain magnesium, cal-
cium, and potassium salts of organic acids, which
yield an alkaline residue when oxidized. Fruits are
accordingly classified as alkali-forming foods, even
though juices and fruit taste acidic (sour). Excre-
tion of organic acids (potential renal acid load) can
be calculated for various foods based on their con-
tent of sodium, potassium, calcium, magnesium,
chloride, phosphorus, and sulfur. Choosing more
alkaline foods may ameliorate osteoporosis,
autoimmune conditions such as rheumatoid arthri-
tis, and chronic inflammation. (See also ACID.)

Remer, T., and F. Manz. “Potential renal acid load of foods
and its influence on urine pH,” Journal of the American
Dietetic Association, 95, no. 7 (July 1995): 791-797.

acidifiers Common additives that increase the
acidity (lower the pH) of foods and beverages.
Acidifiers provide tartness and enhance flavors of
processed foods. The increased acidity inhibits the
growth of microorganisms; thus acidifiers act as
preservatives. Certain acidifiers can also retard
spoilage by acting as antioxidants, preventing
chemical changes due to oxygen. This group of
additives includes ADIPIC ACID (adipate), TARTARIC
ACID (tartrate), benzoic acid (benzoate), and CITRIC
ACID (citrate). (See also ACID; FOOD ADDITIVES.)

acid indigestion (heartburn, esophageal reflux,
gastric reflux) A condition characterized by a

burning pain near the stomach. Typically, this
occurs an hour or so after a heavy (fatty) meal and
is often relieved by taking ANTACIDS or by drinking
MILK. Acid indigestion is the most common gas-
trointestinal complaint in the United States; one in
10 Americans suffer daily attacks. The pain associ-
ated with acid indigestion is caused by STOMACH
AcID backing up into the ESOPHAGUS, the region of
the throat connecting the mouth with the stomach.

Acid indigestion can be caused by air gulped
when swallowing large bites of food, which can
keep the passageway open. Some food allergies
and food sensitivities may trigger acid indigestion
by relaxing the sphincter muscles that normally
seal off the stomach juices from the esophagus
after eating. Although the stomach lining is pro-
tected from acid by mucus, the unprotected
esophagus is irritated by repeated exposure to
acid.

To prevent acid indigestion, patients should eat
slowly and chew food thoroughly, avoiding foods
and beverages that cause adverse reactions. Com-
mon examples include fatty foods, CHOCOLATE, COE-
FEE, CITRUS FRUIT, and alcoholic beverages. Also
patients should consult a physician for any chronic
stomach pain because what feels like acid indiges-
tion may actually be inadequate stomach acid
(HYPOCHLORHYDRIA). Patients should seek immedi-
ate medical attention if experiencing a crushing
pain in the middle of the chest that extends to the
left arm, since these symptoms could indicate a
heart attack.

acidophilus (Lactobacillus acidophilus) A species
of the bacterium Lactobacillus that produces lactic
acid by fermenting LACTOSE (milk sugar). This
organism in the upper intestinal tract forms a sym-
biotic relationship with its human host. Other acid-
producing bacteria, including BIFIDOBACTERIA, are
predominant in the lower intestine. Acidophilus is
a member of the normal intestinal microflora, the
so-called friendly bacteria that produce nutrients
like BIOTIN and vITAMIN K. Acidophilus and other
Lactobacillus species help balance the digestive sys-
tem by maintaining conditions that inhibit the
growth of yeasts like CANDIDA ALBICANS, as well as
potentially dangerous bacterial species. Without
beneficial bacteria to control them, such oppor-
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tunistic microorganisms can multiply rapidly, lead-
ing to a full-blown infection.

A variety of conditions can drastically lower or
eliminate the intestinal acidophilus population.
Treatment with broad-spectrum antibiotics (such as
tetracycline) imbalances gut microecology because
these antibiotics destroy both benign and disease-
producing bacteria. More generally, an unhealthful
lifestyle and a diet high in SUGAR and PROCESSED
FOODS also adversely affect beneficial intestinal
bacteria.

Acidophilus is a common food supplement that
may help repopulate the gut with beneficial bacte-
ria to prevent hard-to-control yeast infections; to
break down milk sugar for those with LACTASE DEFI-
CIENCY; to control travelers’” DIARRHEA; to relieve
CONSTIPATION; to treat vaginitis (when administered
as acidophilus douches); and to decrease the pro-
duction of potential CARCINOGENS by certain bacte-
ria populating the gut. (See also CANCER.)

Rosenfeldt V., K. F. Michaelsen, M. Jakobsen, et al.
“Effect of Probiotic Lactobacillus Strains in Young
Children Hospitalized with Acute Diarrhea,” Pediatric
Infectious Disease Journal 21, no. 5 (May 2002):
411-416.

acidophilus milk (sweet acidophilus milk) AacI-
DOPHILUS bacteria are sometimes added to low-fat
MILK by the producer. Consumption of acidophilus
milk and of yogurt may help lower blood choles-
terol levels. Milk and yogurt labels should specify
viable (active) acidophilus cultures, since PASTEUR-
1ZATION destroys acidophilus bacteria.

acidosis The acidification of the blood and other
body fluids. This condition can be due to acid accu-
mulation or to the loss of bicarbonate buffering
capacity from kidney disease. The pH of blood is
tightly regulated; the normal range is between pH
7.3 and 7.4. A drop in blood pH below pH 7.3,
which corresponds to increased hydrogen ion con-
centration, could signal excessive acidity of the
blood (ACIDEMIA). Homeostatic mechanisms (the
body’s regulatory system of checks and balances)
help prevent acidosis. Bicarbonate and serum pro-
teins take up hydrogen ions to neutralize excessive
acid rapidly, while the kidneys more slowly com-
pensate for acid production by excreting surplus

hydrogen ions. Prolonged acidosis requires medical
attention because it slows down many vital func-
tions, including nerve transmission and heart mus-
cle contraction. Symptoms of acidosis include
nausea, vomiting, DIARRHEA, headache, rapid
breathing, and, eventually, convulsions.

Two forms of acidosis are recognized: metabolic
and respiratory. Metabolic acidosis can occur when
metabolic acids accumulate excessively. For exam-
ple, when the body burns FAT at a high rate, the
liver converts FATTY ACIDS to KETONE BODIES, acidic
substances. This condition may occur during crash
DIETING and FASTING or in a person suffering from
uncontrolled DIABETES MELLITUS or chronic ALCO-
HOLISM. Excessive ingestion of acids, such as in
aspirin poisoning, also causes acidosis. Metabolic
acidosis can also result from vomiting or diarrhea,
which cause excessive loss of ELECTROLYTES like
BICARBONATE and upset the acid/base balance.
Renal disease may prevent the kidneys from ade-
quately correcting acid production.

Respiratory acidosis can occur when breathing
does not adequately remove carbon dioxide. Shal-
low breathing, associated with respiratory disease,
can cause excessive CARBON DIOXIDE in the lungs, in
turn causing carbon dioxide blood levels to rise and
upset the bicarbonate buffer system of the blood.
(See also BUFFER; FAT METABOLISM; KETOSIS; STARVA-
TION.)

acidulant A food additive that acidifies prepared
foods and beverages. Citric acid and sodium dihy-
drogen phosphate are examples. (See also AcCIDI-
FIERS.)

acrylamide A chemical used in making plastics,
textiles, and dyes and in purifying drinking water.
Short-term exposure above safe limits (maximum
contaminant levels) set by the Environmental Pro-
tection Agency (EPA) causes damage to the central
nervous system. Long-term exposure can cause
paralysis and possibly cancer. The chemical has
been shown to cause cancer in laboratory animals.

In 2002 the World Health Organization (WHO)
convened an emergency meeting of food safety and
health experts after a team of Swedish scientists
reported that some starch-based foods, like potato
CHIPS, FRENCH FRIES, and some BREAKFAST CEREALS
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and BREADS, contain high levels of acrylamide. The
amount of the chemical found in a large order of
fast-food french fries was at least 300 times above
EPA safe limits for drinking water. Additional stud-
ies in Norway, Great Britain, Switzerland, and the
United States reached similar results.

Acrylamide apparently forms in some starchy
foods when they are baked or fried at high tem-
peratures. Raw or boiled samples of these foods,
such as potatoes, test negative for the chemical.
Research on the health effects of acrylamide in
food is ongoing. For the time being, most health
experts have stopped short of advising consumers
to avoid the risky foods or change their cooking
methods.

ACTH See ADRENOCORTICOTROPIC HORMONE.

addiction A chronic condition characterized by
CRAVINGS for and uncontrollable use of a substance
(often drugs or alcohol) despite negative physical,
mental, or social consequences. People who suffer
from drug or alcohol addiction are often malnour-
ished and may be either overweight due to an
increased consumption of foods high in refined
CARBOHYDRATES or underweight due to a loss of
APPETITE.

Nutrition offers a powerful adjunct to recovery
and restoring the body’s biochemical balance. A
nutritional program for a recovering addict might
advise:

e establishing new eating patterns, including eat-
ing frequent small meals to stabilize blood sugar
(GLUCOSE) and prevent HYPOGLYCEMIA

¢ avoiding foods high in sugar or refined carbohy-
drates

e eating a varied, balanced diet of VEGETABLES,
whole GRAINS, LEGUMES, FRUITS, lean MEAT, POUL-
TRY, and FISH

e avoiding or eliminating foods that contain CAF-
FEINE

¢ taking daily supplements of certain vITAMINS and
MINERALS, such as GLUTAMINE, VITAMIN ¢, and
NIACINAMIDE.

(See also ALCOHOLISM; ADDICTION AND SUGAR.)

Markowitz, J. S., A. L. McRae, and S. C. Sonne. “Oral
Nutritional Supplementation for the Alcoholic
Patient: A Brief Overview,” Annals of Clinical Psychiatry
12, no. 3 (September 2000): 153-158.

addiction and sugar Addiction to refined cArRBO-
HYDRATES in general and to sucrose (table sugar)
specifically is a controversial topic. Proponents
believe that sugar has no effect on behavior, and
that it has little effect on health other than pro-
moting tooth decay. A government task force con-
cluded in 1986 that typical sugar consumption does
not generally pose a health hazard. Critics contend
that sugar addiction is a common phenomenon.
Preferring sugar and sweets seems to be pro-
grammed at infancy. A craving for sweets often
develops later in life, and in this sense sugar may be
psychologically addicting. Compounding the prob-
lem of defining sugar addiction is the general
observation that related symptoms are rather
vague, including a change in mood or feeling shaky
when abstaining from sugary foods.

One hypothesis proposes that addicted persons
have a drive to achieve a sense of well-being and to
overcome depression. Some addicted persons seem
to have an abnormal metabolism of NEUROTRANS-
MITTERS, chemicals that carry signals from one
nerve cell to another cell. A primary example is the
link between depression and low levels of the brain
chemical serotonin and the correlation between
high-sugar, high-fat diets, and high brain serotonin
levels. Evidence suggests that eating certain sugary
foods stimulates the production of brain peptides
(ENDORPHINS), which trigger pleasant feelings. It
has been hypothesized that the formation of
endorphins may be abnormal in some individuals,
possibly triggering compulsive eating behavior like
BULIMIA NERVOSA. (See also APPETITE; BLOOD SUGAR;
NATURAL SWEETENERS.)

additives See FOOD ADDITIVES.

adenine A building block of DNA, the genetic
blueprint of the cell, and of RNA, the cell’s mes-
senger that directs protein synthesis. Adenine is
also used to manufacture ATP (adenosine triphos-
phate), the energy currency of the cell, as well as
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several enzyme helpers (COENZYMES) required to
produce energy. These include coenzyme A,
derived from the B vitamin pantothenic acid; FAD
(FLAVIN ADENINE DINUCLEOTIDE) from riboflavin; and
NAD (NICOTINAMIDE ADENINE DINUCLEOTIDE) from
niacin.

In DNA adenine constitutes one of the four
bases that make up the alphabet of the genetic code
and it stabilizes the unique double helix based on
the attraction and complementary bonding
between two parallel DNA chains.

Chemically, adenine is a cyclic structure belong-
ing to the family of purines. Adenine is synthesized
in the body from three amino acids (ASPARTIC ACID,
GLUTAMINE, and GLYCINE). Therefore, adenine is not
an essential dietary nutrient. (See also GOUT; GUA-
NINE.)

adenosine triphosphate See aTp.

adipic acid (hexapedioc acid) A common FoOD
ADDITIVE in vegetable oils, adipic acid prevents their
oxidation and retards rancidity, thus acting as an
ANTIOXIDANT. As an acidifier, adipic acid adds tart-
ness to soft drinks, throat lozenges, gelatin desserts,
and powdered, fruit-flavored beverages. Adipic
acid is readily metabolized and is considered a safe
food additive. (See also CHELATE.)

adipocyte Fat storage cell. The adipocyte is like a
balloon; it expands in size when fat is added and it
shrinks when fat is depleted. Adipocytes form ADI-
POSE TISSUE, specialized for fat storage. The number
of adipocytes increases during early childhood and
adolescence as the amount of adipose tissue
increases. At other stages in life, fat is deposited in,
or released from, existing adipocytes. Stored fat
comes from the diet or the liver adipocytes take up
fatty acids from chylomicrons, which transport
dietary fat in the blood, and from very low-density
lipoprotein (VLDL), which transports fat synthe-
sized by the liver. Adipocytes also synthesize fat
from blood glucose in response to the hormone
insulin. Conversely, many hormones initiate fat
breakdown in adipocytes: EPINEPHRINE, GLUCAGON,
GROWTH HORMONE, and ANDROGENS, among others.
(See also LIPOGENESIS; LIPOLYSIS.)

adipose tissue (body fat, depot fat) Fat storage is
a specialized function of adipose tissue, and it rep-
resents the major fuel depot of the body; it is as
essential to normal function as any other tissue.
Body fat serves other important functions: It insu-
lates the body against low environmental tempera-
tures and serves as a shock absorber. Typically, fat
stored in adipose tissue represents 15 percent to 20
percent of men’s weight and 20 percent to 25 per-
cent of women’s average weight. Women usually
have more fat than men because fat is an important
energy reserve during pregnancy and lactation.

Adipose tissue synthesizes fat after a high carbo-
hydrate meal in response to the hormone INSULIN.
During FASTING, STARVATION, Or STRESS, a second
hormone EPINEPHRINE (adrenaline) signals ADIPO-
CYTEs (fat cells) to break down stored fat into FATTY
AcIDS, which are released into the bloodstream.
They are rapidly absorbed and oxidized for energy
by muscles. In contrast, the brain relies on blood
sugar to meet its energy needs.

The fact that an adult can consume approxi-
mately two pounds of food a day (or 700 pounds of
food a year) with only small changes in body fat
indicates how well the body regulates weight when
the calorie intake matches the total body require-
ments.

Of course, common experience suggests that
body fat can increase. For example, fat accumula-
tion often accounts for the weight gain of middle-
aged Americans. Older people tend to EXERCISE less
and the metabolic rate slows with aging. An indi-
vidual’s optimal body fat at any age depends upon
many factors, including inheritance, body build,
sex, and age. Standard HEIGHT/WEIGHT TABLES or the
BODY MASS INDEX can be used to estimate an appro-
priate body weight for an individual.

Excessive body fat is not healthy for many rea-
sons. OBESITY carries with it the increased risk of
CARDIOVASCULAR DISEASE, HYPERTENSION, and some
forms of CANCER. It is interesting to note that the
distribution of body fat plays a role in defining the
risk for heart disease. Abdominal fat (the “spare
tire” profile) carries a greater risk for cardiovascu-
lar disease than fat accumulated around hips and
thighs (the “pear” profile).

The general approach to losing fat stored in adi-
pose tissue is exercising and eating low-fat, high-
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fiber meals, while decreasing caloric intake. Dieting
without exercise decreases muscle mass (not desir-
able) as well as the fat in adipose tissue, and the
weight regained after a crash diet is mostly fat (also
not desired). Cycles of dieting and not dieting also
cause loss of muscle mass. Muscle burns more
ENERGY per pound than fat, so DIET cycling may
increase the difficulty of losing weight perma-
nently. The number of fat cells in adipose tissue—
the storage bags themselves—cannot be lost by
dieting or exercise. The only way to lose fat cells of
adipose tissue is by LIPOSUCTION, a surgical proce-
dure. (See also FAT METABOLISM.)

adrenal glands Triangular-shaped glands at-
tached to the kidneys that secrete two types of hor-
mones that regulate tissue metabolism and blood
composition. The body’s two adrenal glands are
each divided into two parts. The outer cortex
secretes three classes of steroid hormones (adreno-
corticosteroids), each with a different primary
function. The GLUCOCORTICOIDS consist of CORTISOL
and corticosterone. Their function is to develop a
sustained response to stress. They increase blood
GLUCOSE; stimulate the synthesis of liver GLYCOGEN;
mobilize amino acids from protein; and stimulate
ADIPOSE TISSUE to break down stored FAT and
release free FATTY ACIDS into the bloodstream. MIN-
ERALOCORTICOIDS (mainly ALDOSTERONE) direct the
kidney to conserve sopIUM and water, and there-
fore they play a key role in ELECTROLYTE and water
balance. ANDROGENS (such as testosterone) are ana-
bolic hormones that stimulate muscle protein syn-
thesis and decrease the rate of protein breakdown,
leading to an increase in growth rate. Androgens
develop and maintain male secondary sex charac-
teristics, such as genitalia, enlarged larynx, hair
growth, and muscular development. Testosterone
maintains the prostate gland, seminal vesicles, and
sperm production of the testes.

The inner region of the adrenal gland, the
medulla, is a major source of stress hormones. It
functions independently of the cortex (outer
layer). The medulla synthesizes a family of hor-
mones (CATECHOLAMINES) that are derived from
TYROSINE: EPINEPHRINE (adrenaline) and norepi-
nephrine. Epinephrine is released when a threat-
ening situation is perceived. The medulla increases

the heart rate and the rate of breathing, constricts
blood vessels, and relaxes bronchioles (the small air
passageways of the lungs). It stimulates the release
of free FATTY ACIDS from fat stored in ADIPOSE TISSUE
and the release of glucose from glycogen. The
effects of norepinephrine resemble those of epi-
nephrine, described above, although it is less
active. It, too, increases the liberation of free fatty
acids, stimulates the central nervous system, and
increases heat production. Norepinephrine in-
creases blood pressure by constricting blood vessels
in most organs.

The function of the adrenal glands is severely
affected by sustained, long-term stress. In early
stages of adaptation to chronic stress, the adrenal
cortex produces large amounts of cortisol. This cre-
ates a highly catabolic state, in which muscle, fat,
and glycogen are degraded, leading to chronic
FATIGUE. Stressed adrenal glands may be linked to
abnormal blood sugar regulation, to muscle protein
breakdown, and to suppression of the immune sys-
tem. In later, extreme stages of adaptation to
chronic stress, cortisol production is depressed
when the adrenal cortex can no longer be activated
by signals from the pituitary gland. Inadequate cor-
tisol in turn can lead to hypoglycemia (low blood
sugar) and to chronic fatigue. (See also ENDOCRINE
SYSTEM; HORMONE; HYPOGLYCEMIA, POSTPRANDIAL.)

adrenocorticotropic hormone (ACTH) A poly-
peptide HORMONE produced by the anterior lobe of
the PITUITARY GLAND and secreted to activate and
sustain the ADRENAL GLANDS. ACTH release from
the pituitary gland is regulated by the HYPOTHALA-
MuUs via a hormone, corticotropin-releasing factor
(CRH). ACTH triggers the production of all steroid
hormones of the adrenal gland, where it stimulates
the conversion of CHOLESTEROL to steroid hormone
precursors. ACTH also acts on ADIPOSE TISSUE to
mobilize FAT and to increase blood levels of FATTY
ACIDS. Inadequate ACTH leads to atrophy of the
adrenal cortex, while excessive ACTH causes
hyperplasia, the excessive growth of adrenal tissue.
(See also CORTISOL; ENDOCRINE SYSTEM.)

adulterated food A food is classified as adulter-
ated if it contains extraneous material, dangerous
amounts of poisons or filth, or if it has been
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processed or stored under unsanitary conditions. In
terms of food for interstate commerce, the U.S.
Food and Drug Administration monitors environ-
mental contaminants, toxins from microorganisms,
bacterial levels, and potentially harmful sub-
stances. Since it is impossible for food to be 100
percent pure, tolerances have been set for each
type of contaminant. Very hazardous materials can
be ruled so dangerous that no amount should be
detected (a “zero tolerance”). (See also RISK DUE TO
CHEMICALS IN FOOD AND WATER.)

adult onset diabetes See DIABETES MELLITUS.

advertising  Billions of dollars are spent each year
on advertising food, and much of this is focused on
specific markets. Food ads for breakfast cereals and
junk food, for example, focus largely on the chil-
dren’s market. Toys, comic books, giveaways, and
polished commercials can hinder young people
from making independent judgments on how to
eat a balanced diet. Instead, their choices may rely
on the direction of advertisers. TV advertising plays
a prominent role, where cartoons featuring food
commercials dominate children’s programming.
Most of these emphasize PROCESSED FOODS—Ilow in
nutrients and high in CALORIES, SUGAR, SALT, and
FAT. The American Academy of Pediatrics (AAP)
discovered that less than 3 percent of advertising
during children’s programs focuses on healthful
food, such as fruit and milk. The AAP concluded
that there is a direct link between commercials pro-
moting high-calorie food and health problems, and
in 1991 recommended a ban on food commercials
geared toward children.

The Better Business Bureau’s Children’s Adver-
tising Review Unit was founded in 1972. Com-
posed of representatives from the media, ad
agencies, and others, its goal is to monitor truth in
advertising in radio, TV, and the printed word for
children up to the age of 12, according to self-reg-
ulating guidelines. It will review material before it
is publicized upon request. The group provides a
forum for information exchange and relies on a
panel of academic professionals to provide exper-
tise on the impact of images on children. (See also
CONVENIENCE FOOD; EATING PATTERNS; FOOD ADDI-
TIVES; OBESITY.)

Taras, Howard L., and Miriam Gage. “Advertised Foods
on Children’s Television,” Archives of Pediatric and Ado-
lescent Medicine 149, no. 6 (June 1995): 649-652.

aerobic A physiologic or cellular process requir-
ing oxygen. Cellular RESPIRATION is the aerobic
process by which oxygen diffuses into cells and is
used in the oxidation of fuel to produce ENERGY.
The waste product of respiration is carbon dioxide.
Aerobic also refers to the ability to function only in
the presence of oxygen. For example, aerobic bac-
teria that are potential pathogens (disease produc-
ers) do not flourish in the intestine when the
availability of oxygen is limited. (See also ELECTRON
TRANSPORT CHAIN; OXIDATIVE PHOSPHORYLATION.)

aerobic exercise Sustained physical EXERCISE
involving moderate to high levels of exertion and
characterized by increased heart rate and acceler-
ated breathing. Vigorous activity associated with
hard work and athletic sports can raise the pulse
rate sufficiently to strengthen the cardiovascular
system. Conditioning refers to increased physical
endurance due to increased muscle mass and a
strengthened oxygen delivery system, including
heart, arteries, and lungs, as a result of aerobic
exercise. (See also FITNESS.)

aerobic respiration See RESPIRATION, CELLULAR.

aflatoxin A mycotoxin, a family of toxic com-
pounds derived from molds growing on foods and
on grains used for animal feed. Aflatoxin is pro-
duced by ASPERGILLUS, a storage mold that often
infests damp grains and nuts. Nuts such as PISTA-
CHIOS, ALMONDS, WALNUTS, PECANS, and PEANUTS are
susceptible to MoLD. Very low levels of aflatoxin
often contaminate PEANUT BUTTER. Spot checks have
shown that this contamination is usually below the
U.S. Food and Drug Administration limit. In the
1970s and again in the 1980s, hot drought condi-
tions caused outbreaks of mold in corn and, conse-
quently, widespread aflatoxin contamination.
Concern has focused on aflatoxin because it is a
potent liver CARCINOGEN. The amount of aflatoxin
permitted by the U.S. FDA is 15 parts per billion,
although levels as low as one part per billion can
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cause liver cancer in certain species of experimen-
tal animals. As yet there is no compelling evidence
that aflatoxin consumption in the low amounts
usually encountered in Western nations causes
cancer. In regions of Africa where peanut con-
sumption and consequently aflatoxin intake is very
high, population studies suggest a correlation with
liver cancer in humans. Recent epidemiological
studies have shown that ingestion of aflatoxin B-1
increases the risk of developing liver cancer. The
risk is even higher for people who are infected with
hepatitis B. In addition to increasing the risk of
chronic diseases such as cancer, ingestion of afla-
toxin B-1 can cause acute symptoms of aflatoxico-
sis, including vomiting, abdominal pain, and even
death.

Consumers should avoid moldy, discolored, or
off-flavor nuts. Molds and fungi send out micro-
scopic filaments beyond the immediate, visibly
moldy area and cannot be easily removed. Further-
more, aflatoxin is not completely destroyed by
cooking. Therefore moldy food (except cheese)
should be discarded, rather than cutting out the
mold. (See also CANCER-PREVENTION DIET; FOOD TOX-
INS; FUNGUS.)

agar An organic FOOD ADDITIVE that forms non-
digestible gels. This extract from SEAWEED has no
odor or flavor. It is used occasionally as a THICKEN-
ING AGENT in the manufacture of whipped cream,
ICE CREAM, JELLY, JAM, and MAYONNAISE, and to pre-
vent frosting on baked goods from drying out. In
microbiology, agar gels in petri dishes are used
extensively to culture microorganisms for identifi-
cation purposes.

age-related macular degeneration A progressive
impairment of the cluster of cells at the center of
the retina (macula), which is responsible for cen-
tral vision. This disease is the leading cause of irre-
versible blindness in the United States. About a
quarter of people over age 65 have this condition,
for which there is no cure.

However, the Age-Related Disease Study
Research Group found that the combination of
BETA-CAROTENE, vitamins C and E, and zINcC slowed
the progression of age-related macular degenera-
tion and vision loss. Smoking is considered to be a

contraindication of beta-carotene supplementa-
tion.

Other studies have found that older men and
women who ate the most dark green leaty vegeta-
bles were less likely to develop the condition than
were those who ate the least amounts of those veg-
etables and carotenoids (a group of red, orange,
and yellow plant pigments that includes beta-
carotene). Two pigments in particular—LUTEIN and
zeaxanthin—accounted for this reduction in risk of
advanced age-related macular degeneration.

Scientists suspect that these carotenoids protect
the retina by filtering out damaging light. Data
from the Baltimore Longitudinal Study of Aging
also suggests that vitamin E helps lower risk.

aging The progressive decline over time in phys-
iologic function, including reflexes, vision, hearing,
short-term memory and learning, physical strength
and endurance, DIGESTION, cardiovascular function,
and immunity. Although these changes often begin
in the mid-twenties, heart functioning, memory,
and reasoning need not drop significantly until
very late in life.

Aging is commonly associated with chronic dis-
eases. These include CANCER, diabetes, OSTEOPORO-
SIS, PERIODONTAL DISEASE, OBESITY, SENILITY,
CARDIOVASCULAR DISEASE (STROKE, HEART ATTACK,
ATHEROSCLEROSIS, and so on), and AUTOIMMUNE DIS-
EASES (such as RHEUMATOID ARTHRITIS and SPRUE). A
growing body of evidence indicates that chronic
diseases are not inevitable, but are related to many
controllable factors, including diet. The common
expectation that decreased physical ability will
accompany aging often leads to diminished exer-
cise at mid-life or later, setting the stage for nar-
rowed arteries, elevated blood CHOLESTEROL, and
heart and kidney disease.

Possible Causes of Aging

Genetic research has confirmed that longevity is, in
part, genetic. Scientists discovered a specific gene
mutation in yeast, SIR2, that dramatically short-
ened the organism’s lifespan. Researchers found
that if the gene was doubled, the yeast’s lifespan
increased dramatically, but if a mutation was intro-
duced that destroyed the gene, the yeast’s lifespan
was curtailed. Cellular molecular theories of aging
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are currently popular. According to these theories,
genes limit a person’s life span, and there may be
genes for longevity and predisposition to ALz-
HEIMER'S DISEASE, cancer, and schizophrenia. The
longevity determinant gene hypothesis predicts
that a few key genes regulate the rate of aging of an
organism. Aging may be the result of the improper
readout of genes occurring during aging.

Accumulated oxidative damage is another mol-
ecular explanation of tissue aging; experts suspect
that the body gradually loses the ability to repair
damage caused by oxidation to genetic material, as
well as to cellular machinery. The damaging agent
is believed to be FREE RADICALS, highly reactive
fragmented chemicals including extremely danger-
ous forms of oxygen. Free radicals bombard tissues
and attack DNA, proteins, and cell walls.

Senescence could be linked to the structure of
chromosomes. The tips of chromosomes are pro-
tected by structures formed of DNA and protein.
With successive cell divisions, telomeres become
progressively shorter, reaching a point at which
they can no longer protect the chromosome and
cell division ceases. Because senescent cells are no
longer able to protect organs and blood vessels,
they possibly contribute to aging.

Drastically limiting caloric intake may slow the
age-related physiologic decline in experimental
animals and increase their longevity dramatically.
While this approach is a useful research tool, it
is an impractical approach to slowing aging in
humans. Few adults would volunteer to restrict
their CALORIES by 20 percent or more for a lifetime.
Investigators are trying to identify substances that
will mimic the physiological effects of calorie
restriction.

On the other hand, prevention seems a much
more feasible approach to counteract aging. It is
estimated that only about 30 percent of aging char-
acteristics are genetically based. Consequently,
how a person lives is the major key to a healthy old
age. Regular physical activity, continued social rela-
tionships, the ability to recover from losses, and a
feeling of control over life are predictors of success-
ful aging.

Aging and Memory

Short-term memory functions and the speed of
recall often decline with aging. Although it is

annoying, forgetfulness need not be debilitating.
Because memory is selective, it will usually serve
the learning process throughout life. The mental
faculties of most older people remain functioning
when exercised and challenged by a commitment
to lifelong learning and activity. Furthermore,
research suggests that people may be trained to
partially recover their mental function apparently
lost during aging.

Forgetfulness can be caused by depression, by
the use of alcohol, tranquilizers, and sleeping pills,
by certain drug interactions and by any factor that
decreases the supply of oxygen to the brain. Mal-
nutrition can also cause mental deterioration. In
this regard, antioxidants may be particularly
important because free-radical damage may play a
role in mental aging. Older experimental animals
fed antioxidants dramatically improve their mental
performance with a concomitant decline in oxi-
dized brain proteins. Such experiments suggest the
buildup of oxidized protein, the result of free-
radical attack, may cause brain cells to age.

Preventive medicine proposes that making wise
lifestyle choices sets the stage for health later in life.
The following lifestyle choices increase the odds of
living longer:

e Avoiding cigarettes. Smoking can lead to cancer,
cardiovascular disease, and emphysema.

¢ Taking care of all emotional needs to reduce the
stress of daily living and thus strengthening the
immune system. Chronic stress leads to elevated
CORTISOL, which suppresses the immune system.

¢ Keeping mentally active; individuals who use
their reasoning power retain it longer.

e Exercising regularly to slow deterioration of sen-
sory and physical abilities. AEROBIC EXERCISE can
increase fitness and endurance throughout a
lifespan.

e Eating wisely. A varied, balanced diet with min-
imally processed food is the foundation for last-
ing good health.

Nutrient Needs During Aging

Elderly persons are prone to MALNUTRITION for sev-
eral reasons. They are more likely to eat alone and
so take less interest in meal preparation, and they
are more often disabled and immobile. Thus, they
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are less likely to eat properly. More than 30 percent
of homebound older individuals may have diffi-
culty in preparing their own meals. Low-fiber,
high-carbohydrate meals typify the diets of many
elderly persons. They use more LAXATIVES and med-
ications for long periods. Furthermore, many
elderly persons have periodontal disease and poor
teeth. Their senses of smell, taste, and sight decline,
making eating less appealing, and STOMACH ACID
production gradually drops, decreasing nutrient
uptake even with an adequate diet.

Evidence indicates that superior nutrition may
prevent unnecessary illness and disability from
shortening a productive life. Therefore, experts rec-
ommend the following health decisions:

e Avoiding excess calories and ALCOHOL. Surplus
calories regardless of their source are converted
to fat. Excessive body fat contributes to the risk
of heart disease, hypertension, and some forms
of cancer. Besides carrying a risk of addiction,
excessive alcohol can damage the liver, pan-
creas, and brain, in addition to depleting the
body of nutrients.

e Medical testing of stomach acid production. Low
stomach acid production sets the stage for inad-
equate digestion of nutrients.

e Making informed choices regarding nutritional
supplements. They can affect the quality of
health of those who are nutrient deficient,
though eating wisely.

e Choosing a diet based on DIETARY GUIDELINES FOR
AMERICANS as a foundation. A BALANCED DIET,
one that provides adequate amounts of all nutri-
ents and FIBER from varied, minimally processed
foods without excessive calories and FAT, is of
paramount importance.

Relatively little is known regarding specific nutri-
tional needs of people over the age of 65, although
more research is being done in this area. Attention
has focused on three classes of nutrients as being
especially important in aging: minerals, vitamins,
and antioxidants.

Minerals Diminished digestion and ABSORP-
TION can lead to deficiencies of MAGNESIUM, IRON,
ZINC, COPPER, and CALCIUM. Older persons probably
need more than the current calcium RDA of 800
mg because the ability of the intestine to absorb

adequate calcium declines progressively with age.
The common experience is that the bodies of
elderly women and men remove calcium from
their bones to meet their calcium needs. Supple-
mentation with calcium and vITAMIN D, or calcium
with low-dose ESTROGEN for post-menopausal
women, seems to be more effective in slowing
bone losses than supplementation with calcium
alone. Normally, iron stores increase throughout
adult life in men and in women after menopause.
However, blood loss due to chronic ASPIRIN use and
bleeding ulcers can cause iron deficiency; 5 percent
of elderly men are iron deficient in the United
States. CHROMIUM stores in the body decline
steadily with age and this may contribute to the
decline in the regulation of blood sugar. Chromium
assists in insulin action and helps blood sugar reg-
ulation in some diabetics. Low chromium is corre-
lated with elevated blood cholesterol levels.
Vitamins Research suggests there may be
increased vitamin needs in elderly people; how-
ever, no definite proof that vitamin supplements
increase the life span has been offered. Many
elderly Americans obtain less than 50 percent of
the Recommended Dietary Allowance of VITAMIN
B4. Medications such as penicillin, estrogens and
antihypertensive drugs interfere with absorption of
this vitamin. Folic acid and vitamin B, are less
well absorbed in elderly persons, and the RDAs
should be higher. Inadequate diet and decreased
uptake of fat-soluble vitamins probably account for
the increased need for vITAMIN A and VITAMIN E with
aging, and extra vitamin E may boost immunity,
thus helping elderly persons resist disease. Vitamin
E has also shown promise in slowing decline in
mental functioning in the elderly. One study
showed that people who took high amounts of vit-
amin E had a 70 percent reduction in the risk of
developing Alzheimer’s disease. In another study
researchers followed more than 2,800 people over
the age of 65 for three years. Those participants
who had the highest amount of vitamin E con-
sumption showed the slowest decline in mental
alertness. Vitamin D requirements may increase
during aging because the skin gradually loses its
ability to manufacture the vitamin. Patients with
hip fractures may be deficient in vitamin D.
Another problematic nutrient for elderly people
is VITAMIN ¢, a versatile antioxidant. Consumption
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may be low with diets relying on processed, over-
cooked foods and lacking adequate fruits and veg-
etables. Vitamin C may protect against cataracts
and atherosclerosis.

The RDA for RIBOFLAVIN is believed to be too low
for elderly people. Geriatric outpatients can exhibit
low-THIAMIN levels and evidence suggests that RDA
of this critical nutrient is greater for older people
than for middle-aged individuals.

Antioxidants Several nutrients seem to protect
the body throughout life against damage by free
radicals, highly reactive forms of oxygen that can
attack cells. Trace minerals like copper, SELENIUM,
and zinc, as well as vitamins C and E plus BETA-
CAROTENE, function as antioxidants. Together with
vitamin A they also keep the immune system bal-
anced. The immune system protects the body
against bacterial and viral diseases and defends
against cancer.

Other ingredients in foods, especially fruits and
vegetables, act as ANTIOXIDANTS. They strengthen
the body’s defenses and protect against cancer.
These include FLAVONOIDS, PHYTOESTROGENS (ISO-
FLAVONES), and ISOTHIOCYANATES. Many more
remain to be identified. From hundreds of studies,
it is clear that diets that provide ample fruits,
legumes, and vegetables protect against many of
the degenerative diseases that commonly occur
with aging. As an example, middle-aged men and
women who eat plenty of fruits and vegetables are
significantly less likely to experience cardiovascular
disease and strokes.

More research is required to determine the opti-
mal intake of anti-aging nutrients. Foods with anti-
aging nutrients include orange vegetables
(CARROTS, SQUASH) and dark green leafy vegetable
(CHARD, KALE, SPINACH) for vitamin A and beta-
carotene. Fresh fruit like ORANGES, frozen citrus
juices, and BROCCOLI provide vitamin C. VEGETABLE
OIL, WHEAT germ, and nuts supply vitamin E, while
whole GRAINS, SEAFOOD, CABBAGE, ONIONS, and GAR-
LIC provide selenium. (See also DEGENERATIVE DIS-
EASES; DHEA; SENILITY.)

Gutteridge, John M. “Hydroxyl radicals, iron, oxidative
stress, and neurodegeneration,” Annals of the New
York Academy of Sciences 738 (November 1994):
201-213.

agricultural chemicals See PESTICIDES.

Agricultural Marketing Service (AMS) A ser-
vice-oriented arm of the U.S. Department of Agri-
culture (USDA) that provides marketing services to
the agricultural industry. It facilitates marketing of
agricultural products domestically and abroad
while promoting competition and fair practices
among U.S. food producers. Its six commodity divi-
sions (cotton, DAIRY, POULTRY, FRUIT and VEGETABLE,
livestock and seed, and tobacco) employ specialists
who provide standardization, grading, and market
news services for those commodities.

AMS also purchases a variety of foods that are in
excess supply, including fruits and vegetables,
meat, poultry, EGG products, and FisH, in support of
the national SCHOOL LUNCH PROGRAM and other fed-
eral nutrition assistance programs.

AIDS (acquired immune deficiency syndrome)
The last stage of a disease that diminishes the
body’s ability to fight off infections. The disease is
caused by infection with the human immunodefi-
ciency virus (HIV), which destroys the body’s
IMMUNE SYSTEM by attacking the white blood cells
called T-cells. AIDS is diagnosed when HIV infec-
tion progresses to a point at which either the
number of T-cells drops to dangerously low levels
or the patient suffers a life-threatening condition
or disease. A number of lifestyle factors have been
implicated in increased physiologic susceptibility
to HIV infection: overconsumption of refined
foods; inadequate diet and malnutrition; malab-
sorption; use of recreational drugs; repeated in-
fections, including sexually transmitted diseases;
use of medications that weaken the immune sys-
tem; blood transfusions; as well as STRESS and
smoking. Relatively few carefully designed and
controlled clinical studies of nutrition and HIV
infections have been carried out to permit general
conclusions.

As a result of increased susceptibility to disease
due to lowered immunity, AIDS patients may
develop pneumonia, Kaposi’s sarcoma, and dis-
eases due to infectious agents, including the yeast
CANDIDA ALBICANS, Epstein-Barr virus, and herpes
simplex virus. Poor nutritional status contributes to
these diseases.

HIV-infected patients are more susceptible to
parasites, such as CRYPTOSPORIDIUM, a contaminant
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in municipal water supplies. The recommendation
is to avoid all public tap water and to drink water
that has been boiled or filtered.

Weight loss characterizes HIV infection, but the
causes remain ill-defined. In AIDS patients this
may be due to MALNUTRITION or it may be due to
the lack of appetite (anorexia) associated with the
subsequent severe infections or cancer. Anorexia is
worsened by DEPRESSION. Oral and throat yeast
infections, early symptoms of depressed immunity,
can also compromise food intake.

There is no cure for AIDS; however, several
nutrients, food-related materials, and ENZYME
preparations boost the immune system and may
offer protection against the risk of CANCER and
infection in some individuals with AIDS.

Trace Nutrients zINC deficiency is common in
patients with AIDS and may indicate trace mineral
malnutrition or malabsorption. Zinc plays an
important role in maintaining the immune system.
Zinc inhibits an enzyme needed for HIV produc-
tion. SELENIUM deficiency may be part of the mal-
nutrition seen in AIDS patients. It is a COFACTOR for
enzymes that serve as ANTIOXIDANTS. Selenium
helps protect against liver and colon cancer in
experimental animals, and clinical studies of the
effects of selenium supplementation on cancer pre-
vention are being carried out. Other vitamins and
minerals, such as VITAMIN A, FOLIC ACID, VITAMIN
B;,, and POTASSIUM, may be deficient in some AIDS
patients.

Enzymes Megadoses of a variety of enzymes,
including SUPEROXIDE DISMUTASE, are being used as
antioxidants. There is no clear evidence that their
use diminishes or prevents symptoms.

Antioxidants Evidence suggests that HIV-
infected patients have lower levels of antioxidants,
including VITAMIN C, CAROTENOIDS, COENZYME Q,
GLUTATHIONE, and selenium. Such oxidative stress
can promote HIV replication and decrease immu-
nity. Antioxidant nutrients may lower the risk of
cancer in the general population, and the same
may be true for HIV-infected patients. BETA-
CAROTENE and carotenoids may lower the risk of
many cancers, including those of the lung, bladder,
stomach, esophagus, and prostate. Beta-carotene
can increase the numbers of T-helper cells. Signifi-
cantly, the standard American diet is deficient in

beta-carotene. Vitamin C boosts immunity, helps
protect against viral and bacterial infections, and
may decrease the risk of stomach, esophageal, and
cervical cancer. It increases blood antibody levels
and supports the function of the THYMUS GLAND
and lymphocytes. Furthermore, vitamin C supports
healthy connective tissue and assists in wound
healing. FLAVONOIDS are associated with vitamin C
in plants and enhance vitamin C therapy. Many
flavonoids function as antioxidants and several
types may stimulate the immune system. GLUTA-
THIONE supports the immune system and functions
as a major antioxidant. N-acetylcysteine, a deriva-
tive of the sulfur amino acid CYSTEINE, can enhance
glutathione levels.

Egg Lipids Mixtures of LECITHIN and other
fatty materials from eggs have been used with
some positive results in small clinical studies.
Although there is a lack of strong evidence of its
effectiveness, these mixtures are still being used.
They are apparently nontoxic, though long-term
effects are unknown.

Herbs Several herbs, such as GOLDENSEAL
(Hydrastis canadensis), have been shown to enhance
several aspects of immune function. The most
active component of goldenseal is berberine, a
broad-spectrum antimicrobial agent effective in
treating the severe DIARRHEA that is typically seen
in AIDS patients. Herbal treatment based on Chi-
nese medicine is also being studied. Certain formu-
lations inhibit viruses and boost the immune
system. Some research suggests garlic may enhance
immunity and help combat opportunistic organ-
isms associated with AIDS, including Candida albi-
cans, cryptococcus, herpes virus, and mycobacteria.

Gasparis, A. P, and A. K. Tassiopoulos. “Nutritional Sup-
port in the Patient with HIV Infection,” Nutrition 17,
nos. 11-12 (November-December 2001): 981-982.

Gramlich, L. M., and E. A. Mascioli. “Nutrition and HIV
Infection,” Nutritional Biochemistry 6 (1995): 2—11.

airline meals Over the years, airlines have
revised the meals they serve in order to meet con-
sumer expectations for more healthful choices.
Changes include more chicken and less beef and
fewer saturated fats, like coconut and palm oil.

On noncharter flights passengers can choose from
up to a dozen special dietary meals. The requests
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must be made at least 18 hours ahead of the sched-
uled flight. Religious meals include kosher, Hindu,
and Muslim. For medical conditions, bland, diabetic,
GLUTEN-free, low-CALORIE, low-CARBOHYDRATE, low-
CHOLESTEROL, low-fat, and low-sopium meals may
be offered. Other options include a FruIT plate,
SEAFOOD, strict VEGETARIAN, ovolactovegetarian, and
infant, toddler, and child meals. First-class meals fol-
low the same nutritional standards.

Passengers on long flights, especially those who
have been diagnosed as having phlebitis, inflamma-
tion of the VEINS in the leg, or who have a history of
heart disease or stroke are considered at high risk of
developing deep-vein thrombosis (DVT). A person
suffering from deep-vein thrombosis has one or
more blood clots in the body’s deep veins, often
those in the legs. Because constant air circulation in
planes promotes DEHYDRATION, and this, coupled
with prolonged sitting, increases the risk of DVT in
even healthy people, passengers should drink
plenty of fluids, including water and JuiCcE, and
avoid ALCOHOL, COFFEE, and TEA on long flights.
About 4 percent to 5 percent of high-risk patients
may suffer DVT on flights of 10 hours or more.

A brown-bag, carry-on meal is always an option
for those with special dietary needs or with food
sensitivities.

alanine (Ala, L-alanine) One of the simplest
AMINO ACIDS used to build PROTEINS. Alanine is
readily formed in the body from pYRUVIC ACID, a
direct product of GLucosk utilization; hence, it is
classified as a non-dietary, essential amino acid.

In addition to serving as a protein building
block, alanine plays an important role in transport-
ing the toxic waste product, AMMONIA, out of mus-
cle. Ammonia is produced when muscle cells break
down amino acids for energy. Cells couple ammo-
nia with a simple acid called pyruvic acid to form
alanine, which is then released into the blood-
stream. The LIVER next absorbs alanine and
removes ammonia, which it rapidly converts to
UREA, the ultimate nitrogenous waste of the body.
The liver converts pyruvic acid back to glucose,
which is released into the bloodstream. Blood glu-
cose is taken up by the muscle, where it is broken
down to pyruvic acid, which is then ready to accept
ammonia and thus completes the cycle.

Alar (daminozide) A chemical formerly used to
improve the color, yield, and storage qualities of
APPLES. It is not a PESTICIDE. Until the late 1980s,
Alar was used on an estimated 5 percent to 10 per-
cent of the American apple crop. It was also used
on CHERRIES and PEANUTS. Alar is a systemic pollu-
tant, meaning it is distributed throughout the plant
and cannot be washed off. Because alar has caused
CANCER in experimental animals, experts worried
that because young children drink more apple juice
for their body weight than do adults, they are more
susceptible to the potential risk.

In 1989 Alar was withdrawn by the manufac-
turer, Uniroyal Chemical Company. The following
year it was formally banned by the EPA. Alar is still
sold abroad, however. About 50 percent of apple
concentrates for apple juice comes from foreign
countries where Alar is widely used, and imports
may be contaminated by Alar.

albacore (Thunnus [germo] alalunga) A type of
tuna with white meat. Albacore is characterized by
a large pectoral (side) fin. One of the smallest tuna,
albacore usually weigh less than 40 pounds (18
kg). They are found near the surface of warm or
temperate seas throughout the world, where they
feed on ANCHOVIES, SARDINES, and other small fish.
Albacore have been called the “chicken of the sea”
because their white meat is comparable to chicken
in flavor. Albacore is the highest quality canned
tuna and is an excellent PROTEIN source. The food
value of 3 ounces (85g) (packed in water): calories,
135; protein, 30 g; fat, 1 g; cholesterol, 48 mg; cal-
cium, 17 mg; iron, 0.6 mg; sodium, 468 mg; zinc,
0.94 mg; vitamin A, 32 retinol equivalents; thi-
amin, 10.03 mg; riboflavin, 0.1 mg; and niacin,
13.2 mg (See also FISH OIL.)

albumin A class of water-soluble PROTEINS that
are soluble in dilute salt solutions but are insoluble
in pure water. Important members of this class
are serum albumin and ovalbumin. The LIVER pro-
duces serum albumin, the most plentiful protein in
serum. Serum albumin transports ions like cAL-
cIuM, free FATTY AcIDS, and fat-soluble materials
like BILIRUBIN through the blood. Serum albumin
also helps buffer the blood. It is a highly charged
molecule (polyelectrolyte) that cannot pass
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through cell membranes and thus helps maintain
the electrolyte balance of body fluids.

Ovalbumin is one of the most abundant proteins
of egg white. The Roman author Pliny recorded the
name of egg white as albumen. Ovalbumin is an
excellent source of sulfur-containing amino acids,
such as CYSTEINE, and this accounts in part for the
excellent food value of egg protein. (See also ELEC-
TROLYTES; LIVER.)

alcohol (ethanol, grain alcohol, ethyl alcohol) A
common term for the simple alcohol ETHANOL, the
product of FERMENTATION. As a constituent of alco-
holic beverages, ethanol is the most common, and
longest used, sedative. To produce alcohol, special
strains of yeast are incubated with CARBOHYDRATES
of FRUIT juices and GRAINS together with other nutri-
ents. Under ANAEROBIC conditions (in the absence of
oxygen), these microorganisms ferment sugar to
ethanol and CARBON DIOXIDE to obtain energy. The
immediate product of the fermentation of grapes is
WINE. When malted grains and hops are fermented,
the product is BEER. Distillation, a process intro-
duced in the Middle Ages, produces alcoholic bev-
erages with a higher alcohol content. These include
rum, whiskey, liqueurs, and the like. Beer and wine
are perhaps the most popular beverages among
moderate drinkers. A mug of beer (11 oz., 4.5 per-
cent), a glass of table wine (4 oz.) and a shot (jigger;
1.5 fl.oz.) of liquor (80 proof) contain about the
same amount of alcohol (9 to 13 grams.)

Excessive consumption of alcoholic beverages can
cause MALNUTRITION because alcoholic beverages
contain little else besides CALORIES. A glass of red
wine contains 88 calories; a bottle of regular beer,
146; and a shot (1.5 fl. 0z.) of whiskey (90 proof),
110 calories. VITAMIN, PROTEIN, and MINERAL content
of alcohol is exceedingly low, though wine may con-
tain a significant amount of 1RON. For this reason,
alcoholic beverages are classified as low-nutrient
density or EMPTY CALORIES. To the extent they are
consumed, they displace nutrient-dense foods.

The blood alcohol level is affected by the
amount of alcohol ingested. Water and juice slow
the absorption of alcohol, while carbonation
increases the rate of uptake into the bloodstream.
Alcohol taken with food is less intoxicating. How
alcohol is metabolized is another factor. A portion

of the ingested alcohol is destroyed by ENZYMES in
the stomach that are more active in men than in
women; consequently, women generally have a
lower tolerance to alcohol. The liver’s capacity to
destroy alcohol in the blood is limited, and when
the liver’s metabolic system is saturated, a fraction
of ethanol in the blood is destroyed each hour. The
remaining alcohol readily penetrates the blood-
brain barrier and interacts with the central nervous
system. Alcohol can pass from maternal blood into
breast milk; therefore, lactating mothers may wish
to abstain from drinking.

Some studies suggest that a single alcoholic
drink a day may slightly reduce the risk of heart
attack and stroke in some individuals. Moderate
alcohol consumption increases the level of HDL,
the beneficial form of cholesterol that tends to pro-
tect against heart disease. Alcohol also inhibits
platelet formation, which is required to form blood
clots. Moderate alcohol use may also help prevent
age-related decline in reasoning and problem-
solving. The apparent benefits decline after more
than one or two drinks, however. The American
Heart Association does not recommend drinking
alcoholic beverages to prevent heart disease
because of the hazards of alcohol abuse.

Possible consequences of excessive alcohol con-
sumption including the following:

Birth Defects and Mental Retardation in Infants
Drinking during pregnancy can lead to FETAL
ALCOHOL SYNDROME.

Addiction Alcoholism is one of the most common
addictions.

Intoxication Excessive alcohol can lead to a pro-
gressive deterioration of mental functioning.
Alcohol is a depressant and slows down the ner-
vous system, especially the brain. While moder-
ate drinking can be relaxing, being intoxicated
means the control centers are blocked, which
can lead to memory lapses, decreased coordina-
tion, loss of inhibitions, confusion, mood swings,
and depression. Most individuals will be
adversely affected when the alcohol content of
the blood rises above a threshold value. Legal
intoxication in the United States is often defined
as having a blood alcohol content ranging from
0.01 percent to 0.02 percent, depending upon
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the state. (Normally, the alcohol content of the
blood is negligible.) Drunk drivers contribute sig-
nificantly to traffic fatalities in the United States.

Aggravated High Blood Pressure Excessive alcohol
consumption can worsen hypertension.

Increased Risk of Disease Alcohol injures the liver
(CIRRHOSIS), the pancreas (PANCREATITIS), and
the brain. It causes intestinal inflammation,
interferes with nutrient uptake and may
increase uptake of toxins. Heavy drinkers have
increased risk of heart failure, and alcohol
causes a dangerous enlargement of the heart.
For this reason some researchers do not recom-
mend that anyone past the age of 50 drink alco-
holic beverages. Alcohol increases the risk of
cancer of the esophagus, mouth, larynx, liver,
and breast. Women who drink two to five alco-
holic drinks a day increase their risk of invasive
breast cancer 30 percent to 40 percent, accord-
ing to the American Medical Association. Inva-
sive cancer is the type most likely to spread to
other TISSUES or organs.

Surplus Calories One gram of ethanol provides
seven CALORIES, almost as much as FAT. One beer
is equivalent to 150 calories. One shot (1.5 fl.
0z.) of 80 proof gin, vodka, or rye whiskey con-
tributes about 110 calories that supply no other
nutritional value. Alcohol even increases the
body’s need for vitamins.

Exposure to Sulfites Wine contains SULFITE, which
can cause reactions in sensitive people. (See also
ALCOHOL-DRUG INTERACTIONS; ALCOHOLISM.)

Holmberg, L., J. A. Baron, T. Byers, et al. “Alcohol Intake
and Breast Cancer Risk: Effect of Exposure from 15
Years of Age,” Cancer Epidemiology Biomarkers Prev 4
(1995): 843-847.

Menzano, E., and P. L. Carlen. “Zinc Deficiency and Cor-
ticosteroids in the Pathogenesis of Alcoholic Brain
Dysfunction: A Review,” Alcoholism, Clinical and Exper-
imental Research, 18, no. 4 (July/August 1994):
895-901.

Smith-Warner, S. A., D. Spiegelman, et al. “Alcohol and
Breast Cancer in Women: A Pooled Analysis of Cohort
Studies,” JAMA 279 (1998): 535-540.

alcohol-drug interactions ALconOL interacts
with many medications. Drinking alcohol can alter
the way the body metabolizes drugs. As an exam-

ple, the LIVER adapts to alcohol consumption by
increasing its battery of drug-destroying ENZYMES.
Because a heavy drinker may metabolize a sedative
rapidly, its effects could wear off sooner than in a
non-drinker, leaving the heavy drinker underse-
dated. Patients should read prescription labels
carefully before drinking, and inform dentists,
physicians, pharmacists, and other health care pro-
viders if they drink.
Interactions include:

Analgesics Non-prescription pain killers, such as
Tylenol, that contain acetaminophen can dam-
age the liver of those who consume several
drinks a day. ASPIRIN together with alcohol
increases stomach bleeding.

Antidepressants Monoamine oxidase inhibitors,
AMPHETAMINES, and tricyclic antidepressants
such as imipramine cause severe reactions and
increased sedation, if taken with alcohol. Taking
any one of several antidepressant drugs called
selective serotonin reuptake inhibitors (SSRIs),
including Prozac, Paxil, and Zoloft, can increase
the effects of alcohol, including drowsiness and
impaired motor skills.

Antihistamines Drinking after taking drugs like
benadryl can lead to excessive drowsiness.

Arthritis Medications Indocin and other drugs pre-
scribed for arthritis taken with alcohol can irri-
tate the gastrointestinal tract and may cause
dizziness.

Barbiturates Alcohol should never be combined
with drugs like amytal or phenobarbital, which
is the most hazardous combination. The additive
effects of taking the depressants can lead to res-
piratory failure and coma.

Diabetic Medications Individuals taking Diabinese,
Orinase, and other sulfonureas to treat diabetes
will probably not be able to tolerate alcohol
because these drugs can make the user ill after
drinking alcoholic beverages.

Niacin Large doses of niacin taken with alcohol
can reduce blood pressure excessively.

Prescription Pain Killers Codeine and narcotics
combined with alcohol cause increased sedation.

Sedatives and Tranquilizers Combining alcohol and
tranquilizers such as Valium and Thorazine can
lead to oversedation and extreme drowsiness.
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alcoholism A condition characterized by an un-
controllable urge to drink, a tolerance to increasing
quantities of ALcOHOL, blackout episodes, and with-
drawal symptoms during abstinence. Alcoholics fre-
quently deny that they have a problem.

The costs of alcoholism to society are enormous.
Excessive alcohol is involved in one out of 10 deaths
in America and typically shortens the life span by 10
to 12 years. Alcoholism contributes to accidental
death, crime, violence, and abuse. According to the
National Highway Traffic Safety Administration, half
of all fatalities due to automobile accidents have
occurred in crashes in which the driver or pedestrian
had been drinking. Estimates of the total cost of
alcoholism to society range from $65 billion to $117
billion. Alcohol abuse occurs among young people
as well as the elderly, encompasses people of all
social and economic backgrounds, and women as
well as men. Children of alcoholics are more likely
to abuse alcohol and drugs. Individuals may be born
susceptible to alcoholism due to imbalanced body
chemistry; however, the social environment obvi-
ously plays an important role.

Alcoholism leads to disturbances of the GaAs-
TROINTESTINAL TRACT: Excessive ethanol directly or
indirectly increases chronic intestinal inflammation
associated with MALABSORPTION, comprised diges-
tion, and “leaky gut,” in which the intestine more
readily absorbs toxins and potentially harmful sub-
stances from food and microorganisms that the
body recognizes as foreign (antigens). This can set
the stage for FOOD INTOLERANCE and systemic effects.
Alcohol affects the LIVER, where altered GLUCOSE
and GLYCOGEN METABOLISM, fat formation, and fat
export can lead to fatty deposits (FATTY LIVER). The
ability of the liver to detoxify other potentially dam-
aging materials can also be compromised.

The alcoholic individual faces profound health
consequences in terms of MALNUTRITION, heart fail-
ure, high blood pressure, damage to pancreas, liver,
stomach and brain, and increased risk of CANCER of
the mouth and esophagus. Even moderate alcohol
intake can cause birth defects if the mother drinks
during pregnancy.

Alcoholism is treatable; however, recovery
depends on the person’s willingness to accept help.
Individualized recovery programs work best and
may incorporate family counseling, psychotherapy,

support groups, rehabilitation programs, educa-
tion, behavior modification, vocational guidance,
and exercise. Nutritional and medical treatment is
often recommended to remedy nutritional defi-
ciencies and alcohol-related disorders and to speed
detoxification. A number of clinics treat alcoholism
by incorporating lifestyle changes affecting DIET
and EXERCISE, while eliminating CAFFEINE and nico-
tine. Alcoholics Anonymous (AA) can provide a
very strong support system for recovery. (See also
ADDICTION.)

aldicarb (Temik; Carbamyl) A very toxic insecti-
cide widely used on POTATOES, SOYBEANS, PEANUTS,
and citrus crops for control of chewing and sucking
insects. Aldicarb was assumed to break down
rapidly after application. However, tests show that
it can persist in soil for years and contaminate crops
planted in the same soil later. Several instances of
aldicarb poisoning indicate the potential hazard of
using this pesticide.

Symptoms of aldicarb toxicity include seizures,
disorientation, blurred vision, and gastrointestinal
disorders. The EPA recently limited the use of
aldicarb and directed states to determine areas sus-
ceptible to contamination and then to monitor
them, to assure concentrations do not exceed the
limits set by the EPA. Activated charcoal filters can
remove aldicarb from drinking water. (See also PES-
TICIDES.)

aldosterone A hormone of the adrenal glands
responsible for regulating sopium in the blood. It is
classified as a corticosteroid, a group of hormones
synthesized by the adrenal cortex. Aldosterone is
the principal MINERALOCORTICOID, which directs the
KIDNEYS to conserve SODIUM by reabsorbing sodium
and water from urine. In the kidneys, aldosterone
stimulates the renal tubules to release POTASSIUM
and hydrogen ions in place of sodium, thus increas-
ing urine acidity. Mineralocorticoids also increase
sodium reabsorption from sweat, SALIVA, and GAS-
TRIC JUICES. Other steroid hormones, deoxycorti-
costerone, corticosterone, and progesterone, can
also cause sodium retention, though they are much
less active.

Stimuli that increase aldosterone secretion
include SURGERY, anxiety, physical trauma, high
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potassium intake, low sodium intake, and diseases of
the heart, LIVER, and kidneys. The pituitary hormone
ACTH stimulates steroid hormone release from the
adrenal glands. Aldosterone is also regulated by the
kidneys in response to low serum sodium levels. The
kidneys produce an enzyme, RENIN, which forms the
hormone ANGIOTENSIN in the blood that stimulates
aldosterone release. (See also ADRENAL GLANDS;
ANTIDIURETIC HORMONE; FLUID BALANCE.)

ale See BEER.

alfalfa (Medicago sativa) A LEGUME used primar-
ily for fodder throughout the world. As a nutri-
tional supplement, this plant is a rich source of
TRACE MINERALS, BETA-CAROTENE, ESSENTIAL FATTY
ACIDS, VITAMIN K, and the B COMPLEX vitamins.
Alfalfa contains significant FIBER and is a rich
source of PROTEIN (25 percent by weight). In Asia,
alfalfa leaves are used in the form of greens as a
VEGETABLE.

Claims that alfalfa boosts the IMMUNE SYSTEM
may relate to its trace mineral content. It also has
antibacterial activity, and there is some evidence
that alfalfa can induce LIVER detoxifying enzymes
that destroy toxins and pollutants. Alfalfa contains
several classes of compounds, including SAPONINS,
STEROLS, and FLAVONOIDS, which can affect the
body. For example, alfalfa saponins decrease blood
cholesterol levels in lab animals. Alfalfa may
reduce damage due to radiation, perhaps due to the
ANTIOXIDANTS it contains. Individuals who have
heart disease, who are pregnant, who have a ten-
dency to clot easily or take anticoagulants should
avoid alfalfa supplements because their vitamin K
content may promote blood clotting. Avoid con-
suming excessive amounts of alfalfa during preg-
nancy and when breast-feeding, because it
contains substances with weak estrogenic activity.

Alfalfa sprouts are a healthful alternative to LET-
TUCE because it contains beta-carotene, VITAMIN C,
and trace minerals at levels higher than those
found in iceberg lettuce. In contrast with most let-
tuce, alfalfa sprouts are not treated with PESTICIDES.
Alfalfa sprouts (100 g) provide 54 calories; protein,
6 g; carbohydrate, 9.5 g; fiber, 3.1 g; fat, 0.4 g; cal-
cium, 215 mg; iron, 2.3 mg; thiamin 0.13 mg;
riboflavin, 0.14 mg; niacin, 0.5 mg.

algae (seaweed) Simple plants found in fresh
water and oceans throughout the world. Algae are
largely undifferentiated and, unlike terrestrial
plants, algal leaves and stems are composed of the
same tissue. Edible species are either grown or col-
lected along coastal intertidal zones. In Japan, six
types are consumed, and together they account for
an estimated 10 percent of the country’s total food
production.

Edible brown algae, which represent most of the
edible seaweed harvested worldwide, include
arame, hiziki, kelp, and kombu. Edible red algae
include CARRAGEENAN (Irish moss), dulse, and nori.
These “sea vegetables” are rich sources of MAGNE-
SIUM, IRON, IODINE, and CALCIUM, and some are as
rich in vitamins such as VITAMIN C, BETA-CAROTENE,
VITAMIN E, and the B COMPLEX as the best cultivated
sources. In addition, various algae are used com-
mercially as sources of gums (AGAR, carrageenan,
and ALGINATE). Carrageenan has the ability to form
salt gels in milk products and is used to keep fats
from separating, and to thicken ICE CREAM. Alginic
acid (alginate) in brown seaweed can bind toxic
metals in the body and speed their removal. These
algae can be added to SOUPS, VEGETABLES, SALADS,
BEAN dishes, and GRAINS to add zest and boost nutri-
tional value. Their flavor is neither fishy nor salty.

There is little information on toxic metal conta-
mination of any domestic or imported seaweed.
One study found very low amounts of arsenic, cad-
mium, lead, and mercury in common imported
varieties; the levels were well below limits set by
the Food Chemicals Codex of the Food and Nutri-
tion Board. Mercury levels were far below the lim-
its set for fish.

alginate (ammonium, calcium, potassium, and
sodium salts of alginic acid) A food additive
obtained from the giant kelp, a brown algae com-
mercially harvested off the coast of California. Algi-
nate is a major constituent of the cell wall and
consists of polymers of acidic sugars Alginate is
used by the food industry as a thickening and sta-
bilizing agent because calcium alginate forms very
stable gels in water. It prevents jelly in pastries
from melting during baking and provides smooth
textures to ICE CREAM, YOGURT and CHEESE, CANDY,
whipped cream in pressurized cans, and canned
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frosting. Alginate also helps keep cocoa butter dis-
persed in chocolate milk. The red PIMENTO stuffed
in green OLIVES contains the most alginate (6 per-
cent) of any food source. Alginate is not used in
acidic foods and beverage such as salad dressings
and SOFT DRINKS, because it forms sediment under
these conditions.

Alginate is on the GENERALLY RECOGNIZED AS SAFE
(GRAS) list of the U.S. FDA. Short-term animal test-
ing indicates the alginate is not absorbed by the
body and is not toxic. Because alginate forms
highly charged gels in water, it remains to be deter-
mined whether it can limit the absorption of min-
erals and other nutrients by the body. (See also
FOOD ADDITIVES.)

alimentary canal See DIGESTIVE TRACT.

alimentation The physiologic processes by which
food nurtures and maintains the body. These
include chewing (MASTICATION), swallowing, and
digesting food. Alimentation also encompasses the
ABSORPTION oOf NUTRIENTS (VITAMINS MINERALS,
AMINO ACIDS, FAT, CARBOHYDRATES) by the intestine
and their use in CATABOLISM (energy production)
and in ANABOLISM (building cellular constituents).
The term alimentary canal refers to the digestive
cavity running from the MOUTH to the anus.

Artificial alimentation refers to feeding a patient
artificially either by intravenous procedures or by a
nasal tube. Forced alimentation is feeding a patient
who is unwilling to eat. (See also DIGESTION; HYPER-
ALIMENTATION.)

alitame A non-caloric ARTIFICIAL SWEETENER that
is 2,000 times sweeter than sugar that has not yet
been approved by the U.S. Food and Drug Admin-
istration. This sweetener was developed to be safer
than ASPARTAME. Unlike aspartame, alitame does
not contain phenylalanine and consequently
would likely be safe for individuals with PHENYLKE-
TONURIA (PKU), a genetic intolerance to this amino
acid.

alkalemia A blood condition characterized by
excessive alkalinity (excessively high pH). A blood
pH greater than 7.4 is considered alkaline and rep-

resents an accumulation of hydroxide ions and
depletion of hydrogen ions, CARBON DIOXIDE, and
CARBONIC ACID. The body is exquisitely buffered to
keep blood pH slightly alkaline, within a very nar-
row range, 7.35-7.45. However, this equilibrium
can be shifted by loss of sToMACH AciD through
vomiting; by the consumption of alkaline medica-
tions such as those used to treat ulcers; and by
rapid breathing (hyperventilation), which rapidly
decreases the body’s stores of carbon dioxide.

The body compensates for alkalemia and
reestablishes normal blood pH by slowing the res-
piration rate (breathing); this increases the level of
carbon dioxide in the blood, which spontaneously
forms more carbonic acid. The KIDNEYS can com-
pensate for elevated pH by excreting alkaline urine.
(See also ALKALOSIS; BUFFER; ELECTROLYTES.)

alkali-forming foods  See ACID-FORMING FOODS.

alkaline A solution with a pH greater than 7.0,
which is considered neutral. Alkaline solutions are
also called basic, as opposed to acidic. MILK, BLOOD,
and EGG yolk are examples of slightly alkaline solu-
tions. Solutions of BAKING SODA (sodium bicarbon-
ate) and AMMONIA form mildly alkaline solutions. In
contrast, the corrosive metallic hydroxides such as
sodium hydroxide (lye, caustic soda) are very strong
bases and are very alkaline. They destroy TISSUE,
create burns, and are considered toxic substances.

alkaline tide The slight rise in blood pH following
a meal, when the BLOOD temporarily becomes
more ALKALINE. When the STOMACH produces
hydrochloric acid (STOMACH AcCID) for use in DIGES-
TION, it removes a fraction of negatively charged
CHLORIDE ions from circulation. Chloride is then
replaced by BICARBONATE in the blood, which tends
to raise blood pH. As the meal is digested, chloride
ions are reabsorbed by the INTESTINE and again
enter the bloodstream. In turn, bicarbonate is reab-
sorbed and the pH returns to normal. The URINE
may become more alkaline during digestion as the
body compensates for the change in blood pH.

alkaloids A large, diverse class of organic com-
pounds prevalent in the plant kingdom that con-
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tain nitrogen and function as bases. Often alkaloids
profoundly affect the body’s physiology, and puri-
fied alkaloids are even more active. Examples of
potent alkaloids include morphine, cocaine, qui-
nine, strychnine, nicotine, CAFFEINE (COFFEE), and
theobromine (CHOCOLATE). Depending upon the
application and the dose, alkaloids may be used in
therapy or they may cause toxicity. Socrates was
killed by the alkaloid coniine that occurs in hem-
lock. Eating quail that have eaten poison hemlock
can cause food poisoning in humans. Alkaloids
such as nicotine and caffeine are addictive sub-
stances. Morphine and cocaine are controlled sub-
stances due to their addictive properties.

alkalosis Excessive alkalinity (elevated pH) of
body fluids caused by either an accumulation of
alkaline substances or a reduction in Acips. Alkalo-
sis is thus more general than ALKALEMIA (alkaline
blood). Respiratory alkalosis occurs with hyperven-
tilation, aspirin poisoning, abnormal brain func-
tion, or inadequate oxygen supply, as may occur
during exertion at high altitudes. Metabolic alkalo-
sis occurs with severe VOMITING due to losses of
hydrogen ions and chloride ions (STOMACH ACID);
losses of potassium due to diuretic therapy; and
ingestion of BAKING SODA (or other alkaline sub-
stances). Symptoms of both types of alkalosis
include shallow breathing, a tingling sensation at
fingertips and toes, muscular cramps, and convul-
sions. Like prolonged Aciposis, alkalosis requires
medical intervention. (See also BUFFER; ELEC-
TROLYTES.)

allergen A substance or agent that causes an
allergic reaction. Allergens provoke the IMMUNE
SYSTEM when it senses an allergen as a foreign sub-
stance and overreacts. This “hypersensitivity” may
be immediate, when symptoms appear within min-
utes to several hours after exposure, or it can be
delayed, when symptoms appear hours after expo-
sure or longer.

At the top of the list of food allergens are DAIRY
products, PEANUTS, nuts (€.g., HAZELNUTS, CASHEWS),
GRAINS (especially WHEAT and CORN), SOYBEAN prod-
ucts, CITRUS FRUITS, and SHELLFISH. The binders and
other ingredients of vitamin supplements, as well
as HERBS and SPICES, can cause reactions in suscep-

tible individuals. Prescription drugs (including
penicillin), antisera, and constituents of infectious
agents (including bacteria and viruses, yeast, and
parasites) can be allergens. Physical agents, includ-
ing radiation, heat, and pressure may also provoke
inflammation, an aspect of the immune response.
In provoking an immune response, allergens typi-
cally react with ANTIBODIES, protective proteins
formed by specialized cells of the immune system.
(See also ALLERGY, FOOD.)

allergic rhinitis  This condition refers to allergy
symptoms associated with the chronic inflamma-
tion typical of hay fever: a perpetually stuffy, runny
nose, sneezing, puffy bags and dark circles under
the eyes, and a puffy face. Allergic rhinitis can lead
to chronic earaches, especially in children, and to
inflamed sinuses (sinusitis). It is more common
among children, but can occur at any age. Allergic
rhinitis is the result of a specific type of ANTIBODY,
IgE, which binds to mast cells, defensive cells of the
IMMUNE SYSTEM, to stimulate inflammation. There-
fore allergic rhinitis can be measured by a skin test.
Nasal symptoms occur immediately after exposure
to common allergens, including pollen, animal
dander, house dust, mites, insects, MOLD, and
foods. Identification of the offending substance and
reduced exposure are important; complete avoid-
ance may be curative.

allergy, food An abnormal reaction of the
IMMUNE SYSTEM to normally harmless foods. An
allergic response involves two aspects of the
immune system: circulating ANTIBODIES and spe-
cialized attack cells. Each branch of the immune
system can react to foods as though they were for-
eign invaders. In contrast, other types of FOOD SEN-
SITIVITY such as LACTOSE INTOLERANCE do not
depend on antibody reactions, nor do they involve
other aspects of the immune system.

Allergy patterns may change during a lifetime;
old sensitivities may vanish, and new ones may
appear according to the health of the immune sys-
tem and to the amount of allergen exposure. Intro-
ducing solid foods before an infant’s DIGESTIVE
TRACT is fully developed carries an increased risk of
the development of food allergies. Children are
more likely to suffer from allergies than adults,



22 allergy, immediate

though they often outgrow them. Individuals who
have relatives with allergies are more prone to
develop food allergies themselves. Food allergies
are more likely to occur with inadequate nutrition,
infections, and physical and emotional stress.
Faulty DIGESTION and intestinal inflammation can
allow food ALLERGENS to penetrate intestinal barri-
ers and enter the bloodstream.

Depending on how food allergy is defined, esti-
mates of the prevalence of food allergies range
from 2 percent to 25 percent of the U.S. popula-
tion. Opinion is also divided regarding the predom-
inant form of food allergies. Those who consider
food allergy an uncommon phenomenon focus on
the readily observable, rapid systemic reactions to
foods. These generate hay fever-like symptoms
(immediate hypersensitivity). Other research indi-
cates that typical food allergies are complex
immune reactions resulting in delayed hypersensi-
tivity. They frequently involve antibodies in the
blood (IgG type), and symptoms develop over
hours or days after consuming the problem food.
This delay increases the difficulty in relating a spe-
cific food to sometimes vague symptoms.

The most common symptom of food allergy is
FATIGUE. Other symptoms range from those typical
of PREMENSTRUAL SYNDROME tO HYPOGLYCEMIA,
eczema, irritability, achy joints, puffy eyes with
dark circles, or postnasal drip. Food allergies may
produce asthma in the respiratory tract; in the
brain, insomnia, mood changes, confusion, or
fatigue; in the gastrointestinal tract, INDIGESTION,
irritable colon, CONSTIPATION, Or DIARRHEA.

A simple, proven method of coping with food
allergies is abstinence. Avoiding the offending food
for several days to several weeks may allow the
immune system to return to normal. If symptoms
recur when the questionable food is eaten again,
that food is probably the culprit. ROTATION DIETS
have been devised to minimize exposure to aller-
genic foods. Because allergy-restricted diets can be
difficult to balance nutritionally, those who have
multiple food allergies may wish to consult both a
physician and a nutritionist. Individuals with food
allergies often need to find substitutes for common
foods. A wide variety of food allergy cookbooks are
now available to help plan delicious, nutritious
meals. The U.S. Government Printing Office pub-

lishes Cooking for People with Food Allergies. (See also
ALLERGY, IMMEDIATE; ALLERGIC RHINITIS; CHALLENGE
TESTING.)

Brostoff, Jonathan, and Linda Gamlin. Food Allergies and
Food Intolerance: The Complete Guide to Their Identification
and Treatment. Rochester, Vt.: Healing Arts Press, 2000.

Walsh, William E. Food Allergies: The Complete Guide to
Understanding and Relieving Your Food Allergies. New
York: Wiley, 2000.

allergy, immediate (immediate hypersensitivity)
An inflammatory reaction responsible for the famil-
iar hay fever, asthma, and hives due to exposure to
an ALLERGEN. These symptoms seldom leave any
doubt as to their cause. The key lies within mast
cells, defending cells embedded in tissues, which
carry a bound ANTIBODY (IgE) on their surfaces.
Upon contact with an invader, mast cells release
inflammatory agents such as histamine and
leukotrienes that evoke swelling, itchiness, copious
mucous secretion, and the spasm of muscles of the
intestinal tract and of air passageways (bronchioles).

Common materials often trigger fast-developing
reactions: dust, pollen, animal dander, medications,
disease-producing microorganisms, and pollutants.
Seafood, milk, sulfites, PEANUTS, and strawberries
are a few of the food-related causes of immediate
hypersensitivity. It may come as a surprise that
immediate allergic reactions account for a small
fraction of food allergies. Most food allergies are of
the slow-reacting type.

Anaphylactic shock is the condition resulting
from allergic reaction and affects the whole body
quickly. Tt produces labored breathing, fever,
erratic heartbeat, violent coughing, hives and
edema, even convulsions. This severe response can
be life-threatening. Individuals who are susceptible
to severe allergy attacks may be advised to carry
injectable medications (“bee sting” kits containing
adrenalin or other drugs). (See also ALLERGY, FOOD.)

allspice (Pimenta officinalis; Jamaican pepper) A
spice prepared from ground, unripened, reddish-
brown berries of an evergreen tree found in the
Caribbean, Central America, and Mexico. Its name
derives from the observation that its aroma resem-
bles a blend of cloves, cinnamon, nutmeg, and
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juniper berries. Allspice is used to season sausage,
salt beef, pickle sauces, and marinades.

almond (Prunus amygdalus) A cultivated, elon-
gated nut with white meat and a brown skin. The
almond tree resembles the PEACH, to which it is
related. The almond originated in Asia and was
known to the Romans as the “Greek nut.” There
are two varieties: the sweet almond and the bitter
almond, which has a stronger flavor.

Almond extracts are used to flavor cakes and
pastries, and slivered or flaked sweet almonds are
used in cakes, cookies, and pastry. Dried almonds
are served raw or roasted and salted. Nuts roasted
with coconut or palm oil dramatically increase
their caloric content and increase their SATURATED
FAT content. Almonds are also used as ingredients
of stuffings and couscous, and they can accompany
FISH or POULTRY dishes (the garnish is known as
amandine). Almonds are a good source of CALCIUM
and they are also rich in oil. Most of the oil is
monounsaturated and more closely resembles
OLIVE OIL than typical vegetable oils like SAFFLOWER
oil, which are high in polyunsaturates. One ounce
(28 g) of raw, sweet almonds provides 167 calories;
carbohydrate, 5.7 g; fiber, 3 g; fat, 14.8 g; protein,
5.9 g; calcium, 75 mg; iron, 1.0 mg; niacin, 0.95
mg; thiamin, 0.06 mg; riboflavin, 0.22 mg.

aloe vera A succulent plant with long pointed
leaves that produces a JUICE with medicinal proper-
ties. There are hundreds of different aloe species.
Aloe extracts are a folk remedy, long used to treat
mild burns, insect bites, abrasions, minor cuts and
chafing, fever blisters, poison ivy, and to relieve
joint inflammation and allergic reactions. Research
has yielded mixed results. Most human studies
have been uncontrolled. Evidence suggests that
aloe vera may help heal ulcers and gastrointestinal
inflammation and fight infections by boosting the
immune system. Although a 1985 U.S. DA study
group concluded that aloe vera did not heal burns,
recent clinical studies indicate burn healing is
speeded up by aloe, possibly by improving collagen
formation and by improving blood flow to dam-
aged areas. There is preliminary evidence that aloe
may help prevent severe conditions such as CAN-
CER. Very rarely, aloe vera may cause a rash in sen-

sitive people, and pregnant women should not take
aloe internally. Aloe vera skin gel may slow the
healing of infected surgical incisions.

alpha linolenic acid Chemically speaking, this
FATTY ACID has 18 carbons and a pair of double
bonds. It cannot be synthesized by the body and
must be obtained from the diet. A POLYUNSATURATED
FATTY ACID, it is classified as an essential dietary
nutrient. Alpha linolenic acid is the smallest of the
omega-3 family of polyunsaturated fatty acids, dis-
tinguished by subtle structural differences in which
the double bonds begin at the third carbon from
the end. It is the building block of larger omega-3
acids, including EICOSOPENTAENOIC ACID and
DOCOSOHEXAENOIC ACID (DHA), which in turn form
the PG; class of PROSTAGLANDINS, hormone-like
substances that decrease inflammation, decrease
blood clotting and lower blood CHOLESTEROL. PGy
prostaglandins help return the body to equilibrium
after physical stress or injury.

Omega-3 fatty acids are deficient in the standard
American diet, and this deficiency may be linked to
an increased risk of heart attacks and inflammation
associated with degenerative disease. Chronic,
severe deficiencies impair vision, increase inflam-
mation, and diminish learning curves in experi-
mental animals. The utilization of alpha linolenic
acid may be limited in some disease states. The ner-
vous system and brain contain high levels of the
omega-3 fatty acids, and there is a positive rela-
tionship between the content of these fatty acids in
the diet and vision and brain function. Pre-term
babies need DHA because their livers are not
mature enough to synthesize it from alpha
linolenic acid.

Good dietary sources of the omega-3 fatty acids
are limited. Breast milk contains omega-3 fatty
acids, suggesting their importance in an infant’s
growth and development. Food processing destroys
or removes the omega-3s, and there are none in
FAST FOODS such as pizza, fried FIsH sandwiches,
fried chicken, or HAMBURGERS. The most common
sources are fish and FISH OILS, FLAXSEED OIL, and
pumpkin seeds; fish oil and flaxseed oil are sold as
supplements. Because oils containing essential
fatty acids readily oxidize and become rancid they
need to be protected from oxygen and heat. They



24 alpha tocopherol

are usually packaged with ANTIOXIDANTS, such as
VITAMIN E. Buying small quantities of these oils and
refrigerating them in sealed containers after open-
ing reduces the risk of rancidity. These oils should
not be used for cooking.

alpha tocopherol See viTamIN E.

aluminum A metallic ion that is widely distrib-
uted in water and soil. Drinking water often con-
tains aluminum beyond levels leached from soil
and clay because aluminum hydroxide is often
added to municipal water supplies to clarify drink-
ing water.

Aluminum is often added to food. Aluminum
compounds make PROCESSED FOOD more creamy
and pourable. They are quite versatile and are
found in INFANT FORMULA, pickles, relishes, BEER,
CREAM OF TARTAR, grated CHEESE, canned foods,
BAKING POWDER, and self-rising FLOUR. Aluminum is
also found in the medicine chest: A major source of
aluminum is ANTACIDS (such as Maalox), which
have a high aluminum hydroxide content. Anti-
perspirants, over-the-counter analgesics (pain
relievers, such as buffered AspIrRIN for arthritis), and
other pain medications contain aluminum. The
average daily intake from all sources ranges from
10 to 100 mg. Most of this is not absorbed; of the
fraction of aluminum that is absorbed by the body,
most is subsequently excreted.

Although aluminum is not a heavy metal, accu-
mulated evidence suggests that this substance may
be harmful. Aluminum may cause dialysis demen-
tia, SENILITY, and brain damage in young patients
undergoing hemodialysis for kidney failure. Their
increased aluminum intake is due to the use of
antacids containing aluminum and to the elevated
aluminum content of water used for dialysis. More
generally, high levels of aluminum may inhibit
phosphate uptake by the intestine and may
increase cALcIUM losses by excretion by the kid-
neys. The imbalance may cause brittle bones and
may disturb bone formation. Other evidence sug-
gests that excessive aluminum impairs the body’s
immunity.

Aluminum seems to accumulate in the brain
with age, and high levels of aluminum are found in
the brains of victims of ALZHEIMER’S DISEASE.

Whether this is a cause or an effect of the disease is
not known.

Patients with kidney disease and anyone regu-
larly consuming antacids that contain aluminum
compounds should be aware of the risks. Patients
should avoid taking medications containing alu-
minum with orange juice (CITRIC ACID); this combi-
nation can dramatically increase aluminum uptake
in the body. Acidic foods like TOMATO sauce, apple-
sauce, and SAUERKRAUT should not be placed in alu-
minum foil or in uncoated aluminum cookware
because these foods dissolve aluminum, which can
then be absorbed.

Alzheimer’s disease A progressive, degenerative
disease of the brain and the leading cause of SENIL-
ITY in the United States. About 4 million Americans
have Alzheimer’s disease, roughly 10 percent of the
U.S. population over the age of 65 and nearly half
of the population over 85. The disease can also
strike younger adults (a small percentage of people
in their 30s and 40s have Alzheimer’s). On average,
a person lives between eight and 20 years after the
onset of symptoms, which include short-term
memory loss, difficulty performing simple tasks,
and disorientation to time and place. Alzheimer’s
disease results from the death of nerve cells in the
forebrain and the hippocampus responsible for
memory and learning. Patients also have a defi-
ciency of ACETYLCHOLINE, a NEUROTRANSMITTER
made by neurons that helps carry nerve impulses
between cells. Currently, diagnosis of Alzheimer’s
disease is very difficult, yet a comprehensive diag-
nosis is critical in treating the senile patient.

Symptoms occurring before the age of 65 are
designated early-onset Alzheimer’s; after 65, it is
called late-onset Alzheimer’s.

Despite intensive research over the last decade,
it is not known whether Alzheimer’s disease is a
function of AGING, or whether it is the result of a
specific disease process. Alzheimer’s seems to be
a multifaceted disease, with environmental and
genetic factors contributing. There is an association
with Down’s syndrome and thyroid disease. Smok-
ing a pack of cigarettes a day increases the odds of
developing Alzheimer’s disease. Diet also plays a
part. A healthy diet with low fat intake may reduce
the risk of developing Alzheimer’s disease; studies
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also suggest that a high-fat diet during early and
mid-adulthood may be associated with an in-
creased risk of developing Alzheimer’s, especially
in people with a genetic marker called apoE-4. In a
retrospective study that examined food eaten by
304 men and women (72 with Alzheimer’s disease
and 232 healthy individuals), researchers found
that people with the apoE-4 gene who also ate the
most fat were seven times more likely to develop
Alzheimer’s than were people with the marker
who ate lower-fat diets. In a separate 2000 study of
Americans between the ages of 40 and 50, those
who carried the apoE-4 gene and whose diet con-
sisted of 40 percent fat calories had 29 times the
risk for Alzheimer’s compared to non-apoE-4 carri-
ers on the same high-fat diet.

Some population studies have reported an asso-
ciation between low-fat diets and a lower incidence
in Alzheimer’s. For example, in China and Nigeria,
where fat intake is low, the risk of developing
Alzheimer’s is 1 percent at age 65 compared to 5
percent in the United States. In the Netherlands
researchers reported an association between de-
mentia and diets high in total fat, saturated fat, and
cholesterol.

Scientists have identified four genes that
increase the risk of developing Alzheimer’s. APOE-
4 is implicated in late-onset cases. This gene can be
passed down from one or both parents. Patients
who have one copy of the gene have a three times
greater risk of developing the disease than do
patients who do not. Patients who inherit two
copies have an eight times greater risk of develop-
ing Alzheimer’s. The other three genes—presenilin
1, presenilin 2, and amyloid precursor protein—are
associated with early-onset cases. Nearly everyone
who carries one or more of these genes will
develop early-onset Alzheimer’s.

Another hypothesis for Alzheimer’s links
chronic caLcium deficiency to increased uptake of
ALUMINUM and silicon by the brain. Aluminum con-
centrates in the brains of patients with the disease;
whether this is a cause or an effect is unknown. In
postmenopausal women, estrogen (hormone) re-
placement therapy may help prevent Alzheimer’s.
The importance of estrogen in brain health is grad-
ually being recognized. Alternatively, there may be
alterations in nerve cell membranes. Other evi-

dence links immune system activation with the dis-
ease process.

Research points to the following possible causes
of senility: exposure to toxins, oxidative damage
due to FREE RADICALS, abnormal protein metabo-
lism, slow viruses, the narrowing by cholesterol
deposits of arteries feeding the brain, zINc and viIT-
AMIN B,, deficiencies, head trauma, and adverse
drug reactions that decrease blood and oxygen sup-
ply to the brain.

Clinical trials of an experimental vaccine for the
disease, called AN-1792, were halted abruptly in
early 2002 when several participants developed
brain inflammation after taking it. The drug was a
form of beta-amyloid, a protein fragment found in
the amyloid plaques that grow over the brain tissue
of Alzheimer’s patients. Researchers had hoped
exposure to the protein would trigger participants’
IMMUNE SYSTEMS to produce antibodies to the amy-
loid plaques.

Experiments in mice have shown that FoLIC
ACID—a vitamin found in high amounts in dark
green, leafy VEGETABLES, CITRUS FRUITS and JUICES,
whole wheat BREAD, and dry BEANS—may help
ward off Alzheimer’s disease. Since 1998 the U.S.
FDA has required the addition of folic acid to
enriched breads, CEREALS, FLOURS, CORNMEAL,
PASTA, RICE, and other GRAIN products.

There is limited evidence that antioxidants may
help fight or prevent some of the brain cell damage
in Alzheimer’s disease that may be attributed to
free radicals, thus slowing the progression of the
disease. In particular, some evidence suggests that
vitamin C or vitamin E supplements can slow the
course of Alzheimer’s over several years. In a
National Institute on Aging study, the antioxidant
vitamin E delayed by six months the progression of
some symptoms of Alzheimer’s disease.

In another National Institute on Aging study,
people in the middle to late stages of Alzheimer’s
who took vitamin E at levels 70 times higher than
the recommended daily dose noticed some benefi-
cial effects. At a dose of 2,000 IU daily, vitamin E
was able to slow the expected rate of decline com-
pared to patients who did not take the vitamin.

Other studies suggest that taking antioxidants
(vitamins C and E) might significantly lower the
risk of developing Alzheimer’s. In one preliminary
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Massachusetts study, none of the 50 subjects who
used either vitamin C or E developed Alzheimer’s
at follow-up studies. In a Dutch study of 5,000 peo-
ple, a diet high in antioxidants reduced the risk of
developing Alzheimer’s.

Other antioxidants, such as GINKGO biloba and
PHOSPHATIDYLSERINE, melatonin, flavonoids (chem-
icals found in many plants, including fruits and
vegetables), and carotenoids (pigments found in
plants such as carrots) also may help ease symp-
toms of Alzheimer’s disease. Small studies of
ginkgo did find slight improvement among patients
with Alzheimer’s who took the herb. Although
German physicians have approval to use ginkgo to
treat Alzheimer’s, and it has been used for thou-
sands of years in Chinese medicine, North Ameri-
can physicians disagree as to its benefits as a
memory treatment.

According to several studies, eating plenty of
dark-colored fruits and vegetables may slow brain
aging. Extracts of blueberries and strawberries
reversed age-related decline in lab animal brain
function. Blueberries may be the best anti-
Alzheimer’s antioxidant of all. When Tufts Univer-
sity researchers analyzed more than 40 fruits and
vegetables, they found that raw blueberries con-
tained the highest level of antioxidants (nearly 60
times the recommended daily levels)—more than
blackberries, beets, spinach, and garlic. Animals fed
an antioxidant-rich blueberry extract diet showed
fewer age-related motor changes and outper-
formed their study counterparts on memory tests.

Some studies on wine have reported a lower
risk, but they have not been consistent. It might be
that wine may increase even more risk of develop-
ing Alzheimer’s for people who carry the apoE-4
gene that has been linked to Alzheimer’s—while
protecting people who do not carry the gene.

However, supplements containing high doses of
antioxidants can cause adverse effects. In addition,
high doses of vitamin E are potentially harmful if
combined with blood-thinning drugs. No one
should take these or any supplements without con-
sulting a doctor.

It is safer to consume antioxidants as part of a
healthy diet; antioxidants are found in most dark
colored fruits and vegetables, whole grains,
legumes, nuts, and wheat germ.

Nutritional approaches to treatment employ
CHOLINE and LECITHIN (phosphatidylcholine) sup-
plements. The rationale for their use is based on
the fact that the brains of diseased patients do not
make enough acetylcholine, and supplying this
building block could boost acetylcholine produc-
tion. Results of clinical studies have not shown
consistent improvements. Researchers have used
drugs that help maintain acetylcholine levels with
mixed results. A growth promoter called nerve
growth factor may enhance brain function in aged
experimental animals. Preliminary research sug-
gests that GINKGO biloba, a leaf extract, is known to
have antioxidant and anti-inflammatory properties
and to enhance NEUROTRANSMITTER function, allevi-
ates the symptoms of Alzheimer’s disease.

Scientists are currently studying whether a low-
fat, high-fiber diet may reduce the risk of develop-
ing Alzheimer’s disease just as it lowers the risk of
other diseases associated with aging, like cardiovas-
cular disease and cancer. Finnish researchers who
studied 1,500 patients for 21 years found that sub-
jects with high cHOLESTEROL and high blood pres-
sure had a corresponding higher risk of developing
Alzheimer’s. French researchers noted a link
between high blood pressure and Alzheimer’s risk.
(See also CARNITINE; SENILITY.)

Rogaeva E., A. Tandon, and P. H. St. George-Hyslop.
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ease.” Journal of Alzheimer’s Disease 3, no. 3 (June
2001): 293-304.

Stramek, J., and N. Cutler. “Recent Developments in the
Drug Treatment of Alzheimer’s Disease,” Drugs and
Aging 14, no. 5 (1999): 359-373.

amanita A genus of mMusHrRooM that includes
many poisonous species, along with a few edible
ones. Amanita species can be confused with edible
mushrooms. The most common cause of mush-
room poisoning is the ingestion of A. phalloides
(death cap) and A. virosa (destroying angel). These
species produce specific toxins called amatoxins
and phallotoxins, compounds with cyclic AMINO
ACID structures. A single mushroom may contain
enough of these poisons to kill an adult. Eating the
mushroom can cause LIVER, HEART, and KIDNEY
damage, as well as symptoms of common shock
and delirium.
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amaranth (Amaranthus cruentus; grain amaranth)
A nutritious alternative to wWHEAT. The tiny spherical
seeds are the size of poppy seeds. Originally grown
in Mexico as a staple food of the Aztecs, it was eaten
in rituals of Native Americans until the Spanish
conquest of Mexico, when its cultivation was out-
lawed. Amaranth is now cultivated in the United
States, and its excellent nutritional qualities account
for its present popularity. Amaranth possesses a
higher PROTEIN content than most CEREAL GRAINS;
the nutritional value of amaranth protein
approaches that of MILK. Its protein contains a high
percentage of the essential AMINO AcID lysine, which
is low in other grain proteins like wheat. Amaranth
does not contain typical wheat ALLERGENS, nor does
it contain GLUTEN; therefore, people allergic to
wheat can often eat amaranth because it belongs to
an unrelated plant family. Amaranth is available in
health food stores as a whole grain, a FLOUR, and as
CRACKERS and breakfast cereals. Amaranth flour has
a nutty flavor and can be used to supplement wheat
flour. Popped amaranth seed is mixed with honey
to make a Mexican confection known as alegria.
Amaranth species have also been cultivated in Asia
as a source of greens (een choi in China, hiyu in
Japan, and CHAULAI in India). One hundred grams
of amaranth provides protein, 15 g; carbohydrate,
66 g; fiber, 4.5 g; fat, 5.7 g; and fat, 4.5 g.

amine A very large family of basic organic com-
pounds that contain nitrogen. Amines become pos-
itively charged ions (cations) in the blood.
Physiologically important amines include the hor-
mones EPINEPHRINE (adrenaline) and norepineph-
rine, and neurotransmitters such as ACETYLCHOLINE
and SEROTONIN, chemicals released by activated
nerve cells. CHOLINE serves as a raw material for
both acetylcholine and LECITHIN, a common LIPID of
cell membranes. All AMINO ACIDS used to build PrO-
TEINS have properties of amines. Tyramine found in
fermented foods is an amine that can cause
headache and food sensitivities. A variety of
amines in food can react with the food additive
nitrite to produce cancer-causing substances
(nitrosoamines).

amino acid metabolism  Chemical processes by
which amino acids are either synthesized or are

broken down and are used for energy in the body.
Amino acid synthesis is important because approx-
imately half of the different amino acids used as
PROTEIN building blocks can be made from CARBO-
HYDRATES. Amino acids such as ALANINE, GLUTAMIC
ACID, and GLUTAMINE made by the brain and MUSCLE
help transport NITROGEN waste products via the
bloodstream to the LIVER for disposal. When amino
acids are degraded, the first step (transamination)
releases nitrogen with the help of vitAMIN B,. The
final nitrogen-containing waste product is UREA.

The second step of amino acid degradation
requires the oxidation of the carbon atoms of
amino acids to produce ATP, the energy currency of
cells. The waste product is CARBON DIOXIDE. An
alternative route permits the liver to convert most
amino acids to blood sugar (GLUCOSE) when the
diet does not provide adequate carbohydrates that
can be digested to glucose to fuel the brain. This
process is called GLUCONEOGENESIS. HEME (the pig-
ment of red blood cells), neurotransmitters (brain
chemicals that carry nerve impulses), purines
(building blocks of RNA and DNA), and HORMONES
represent important amino acid derivatives. (See
also UREA CYCLE.)

amino acids (alpha amino acids) Small organic
acids that serve as raw materials of PROTEINS. The
50,000 to 100,000 different proteins in the body
are combinations of just 20 different types of amino
acids. During protein synthesis, amino acids are
linked together like beads on a string to form long
chains (polypeptides). Each type of protein pos-
sesses a unique amino acid sequence, specified by
the cell’s genes.

As the name implies, each amino acid possesses
an amino group and a carboxylic acid functional
group, and therefore amino acids behave as both
AcIDS and BASES. They also possess side chains with
different properties. For example, certain amino
acids, like ASPARTIC ACID and GLUTAMIC ACID, are
acidic; others like ARGININE and LYSINE are basic;
METHIONINE and CYSTEINE contain SULFUR. Another
group repels water and has the branched chains:
VALINE, LEUCINE, and ISOLEUCINE.

Just as hands and feet are mirror images of each
other, amino acids occur as mirror-image forms
(optical isomers). The left-hand forms are desig-
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nated as “L,” and the right-handed opposites are
designated as “D.” Only L-amino acids are supplied
by food and synthesized in the body, and only the
“L” forms occur in proteins. Therefore, unless indi-
cated otherwise, an amino acid can be assumed to
be the “L-” form when mentioned in nutrition lit-
erature. The only common amino acid that does
not exist as optical isomers is glycine, the simplest
of amino acids.

DIGESTION of food proteins releases amino acids,
which are absorbed in the INTESTINE. Depending on
the person’s body size and the type of protein that
is consumed, 55 g to 65 g of protein a day supplies
adequate amino acids for an adult. Few Americans
are likely to be protein-deficient, because the typi-
cal U.S. diet generally supplies twice as much pro-
tein as needed. With a varied diet, neither a meat
eater nor a knowledgeable VEGETARIAN needs extra
protein to obtain adequate amino acids.

MEAT, FISH, POULTRY, and DAIRY products like EGGS
are the best sources of essential amino acids. Pro-
teins that provide ample amounts of essential amino
acids are said to be COMPLETE PROTEINS. Several plant
proteins approach the quality of animal protein: soy,
AMARANTH and QUINOA are examples. However, most
plant proteins are deficient in at least one essential
amino acid. For example, LEGUMES are low in
methionine; cCOrRN is low in lysine. These foods can
be balanced during the day by eating “complemen-
tary” protein foods that provide ample amounts of
those amino acids deficient in another food.

Surplus dietary amino acids may be used for
energy, and amino acids from the breakdown of
cellular protein can be important fuel sources
when food intake is inadequate. After 12 to 24
hours without food, MUsCLE protein breaks down
rapidly, releasing amino acids into the bloodstream
and processing them in the vLiver. The liver
removes NITROGEN and converts it to UREA, while
converting the amino acids to GLUCOSE and releas-
ing it into the bloodstream to maintain blood sugar
levels. In this way, most amino acids can contribute
to blood glucose; consequently, muscle protein can
help fuel the brain during STARVATION when the
glucose supply becomes critical.

Ten amino acids are designated as dietary “non-
essential” amino acids because they are synthesized
by the body and do not need to be supplied in food.
On the other hand, the diet must provide the other

eight amino acids to prevent malnutrition. These
dietary “essential” amino acids are lysine, valine,
PHENYLALANINE, TRYPTOPHAN, isoleucine, leucine,
METHIONINE, and THREONINE. Two other amino acids
may be conditionally essential. HISTIDINE may not
be formed in adequate amounts by infants and
growing children, and arginine may be inade-
quately synthesized by adults with liver disease and
by BREAST-FEEDING mothers.

Amino acids like phenylalanine and arginine,
thought to stimulate GROWTH HORMONE release and
thus promote FAT loss, are neither safe nor effective
methods for weight control. Large amounts (sev-
eral grams per day) of single amino acids used as
supplements or additives, can drastically affect the
body and damage the KIDNEYS. The therapeutic use
of amino acids is still in experimental stages. The
U.S. FDA removed amino acids from the GENERALLY
RECOGNIZED AS SAFE list of FOOD ADDITIVES, and it is
prudent to consult a health care provider before
supplementing with individual amino acids. (See
also BIOLOGICAL VALUE; CHEMICAL SCORE; FOOD COM-
PLEMENTING. )

Cynober, Luc A., ed. Amino Acid Metabolism and Therapy in
Health and Nutritional Disease. Boca Raton, Fla.: CRC
Press, 1995.

amino sugars A family of nitrogen-containing
sugars. Cells attach NITROGEN to the simple sugars
GLUCOSE and GALACTOSE to produce GLUCOSAMINE
and galactosamine, respectively. These and similar
amino sugars are used to produce carbohydrate-
containing proteins (GLYCOPROTEINS) that coat cell
surfaces, and for structural materials (MuUco-
POLYSACCHARIDES) that help form the matrix of car-
tilage for ligaments and joints.

ammonia (NH;) The nitrogen waste produced
primarily from AMINO ACID metabolism. Ammonia
is highly toxic to the nervous system and the brain.
It may interfere with metabolic processes required
for energy production in the brain. Normally the
brain transforms ammonia into GLUTAMINE, a safe,
neutral amino acid released into the bloodstream.
Next, glutamine is absorbed by the intestine, which
releases the ammonia for disposal by the LIVER.
Normally the liver very efficiently metabolizes
ammonia to UREA, the ultimate nontoxic waste



anabolic steroids 29

product, via the UREA CYCLE to keep the level of
ammonia in the blood at very low levels. Urea is
excreted safely in urine. Ammonia is also produced
in the intestinal tract by bacteria. Ammonia is
absorbed by the intestine and transported directly
via the portal vein to the liver for disposal.

Liver disease, such as CIRRHOSIS, reduces urea
production and leads to elevated blood levels of
ammonia (ammonemia), which causes neurologi-
cal abnormalities. Genetic defects in the ammonia-
disposal mechanism of the urea cycle generally
lead to brain damage.

ammoniated glycyrrhizin  See GLYCYRRHIZIN.

amphetamines Prescription drugs that stimulate
the central nervous system. Benzedrine sulfate,
Amphaplex 10, Bexidrine and Biphetamine are
examples of amphetamines that temporarily sup-
press APPETITE and were once prescribed for weight
loss. Amphetamines are now used to control
hyperactivity in children and to control bouts of
uncontrollable sleepiness (narcolepsy). Ampheta-
mine abuse can cause exhaustion, ADDICTION, suici-
dal depression during withdrawal, cardiac
problems, insomnia, HYPERTENSION, and MALNUTRI-
TION. (See also ALCOHOL-DRUG INTERACTIONS;
APPETITE SUPPRESSANTS; DIETING.)

amygdalin  See LAETRILE.

amylase (alpha amylase) The enzyme produced
in the body that breaks down STARCH. Starch diges-
tion begins in the mouth with amylase secreted in
SALIVA, as saliva is mixed with food during chew-
ing. Starch digestion is completed in the intestine
by amylase secreted by the PANCREAS.

Amylase converts starch to a two-sugar frag-
ment called maltose, which is too large to be
absorbed. Therefore the intestinal enzyme MALTASE
degrades maltose to GLUCOSE, which is readily
taken up by the intestine and transported as blood
glucose. (See also CARBOHYDRATE; DIGESTIVE TRACT.)

amylopectin The water-insoluble form of
STARCH. Plants synthesize this very long chain of
GLUCOSE units as a storage form of energy, often to

nurture the future embryo, seedling or sprout. It is
often the major form of starch and it possesses a
highly branched, bushy structure resembling liver
GLYCOGEN (animal starch). In contrast, AMYLOSE is
made up of single straight chains of glucose units.
Amylopectin forms a paste in hot water. Starch
occurs in seeds, tubers, and root vegetables as
both amylopectin and amylose, although the ratio
of two forms varies with the source. Cooking soft-
ens starch granules, making them available to
DIGESTION by AMYLASE. The ultimate product of
amylopectin digestion is GLUCOSE. Commercial pro-
cessing converts starch to glucose, then to HIGH-
FRUCTOSE CORN SYRUP, a major sweetener. (See
also COMPLEX CARBOHYDRATE; FRUCTOSE; POLYSAC-
CHARIDE.)

amylose A water-soluble form of sTArRcH found
in seeds, tubers, and root vegetables. It is made up
of long chains of GLUCOSE units, and often contains
a thousand or more glucose units. Amylose differs
from the other prevalent form of starch, Amy-
LOPECTIN, which is highly branched. Amylose forms
large spiral configurations when dissolved in water
and can react with iodide to form a characteristic
blue-purple pigment. Amylopectin and amylose
occur together in starch, and the relative amounts
vary depending on the plant sources. During diges-
tion, AMYLASE breaks down amylose to maltose, a
disaccharide composed of two glucose units. An
intestinal enzyme, MALTASE, then hydrolyzes mal-
tose to the simple sugar glucose, the ultimate prod-
uct of starch digestion.

anabolic steroids A family of steroids related to
the male sex hormone TESTOSTERONE. These are
classified as prescription drugs used to make up for
hormone imbalance and deficiencies. However,
synthetic analogs of testosterone have been
obtained illegally by athletes and by teenage males
to build muscles, and the U.S. FpA has described
steroid abuse as a drug epidemic. While testos-
terone stimulates growth during adolescence, the
synthetic derivatives can cause many side effects.
Athletes compound this unsafe practice by “stack-
ing” anabolic steroids—taking a combination of
brands at 10 to 100 times the recommended doses
for weeks at a time.
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In men, the side effects of anabolic steroid use
include lowered sperm count, enlarged prostate
gland, shrinking testicles, balding, and enlarged
breasts. If taken before puberty, anabolic steroids
can stunt growth. These effects seem to be
reversible if anabolic steroids have been used for a
short time. Some women body builders also use
steroids to build muscle. Side effects in women do
not seem to be reversible: masculinization, includ-
ing increased muscles, increased size of clitoris,
growth of facial hair, a deepening voice, shrinkage
of breast size, uterine atrophy, and menstrual irreg-
ularities. Severe cases of acne and bouts of rage are
signs of anabolic steroid use, especially in males.
Anabolic steroid use can have more subtle, long-
term detrimental effects; damage may show up
years later as a HEART ATTACK, high blood pressure,
CANCER, and LIVER damage in both men and
women.

anabolism (biosynthesis)  Processes involved in
synthesizing the molecules needed for cellular
growth and maintenance. Thus the formation of
PROTEIN, DNA, RNA, LIPID, CARBOHYDRATE, FAT, and
GLYCOGEN are anabolic processes. Anabolism con-
sumes chemical energy in the form of Atp and
NADPH (a reducing agent), which are supplied by
CATABOLISM, the energy-yielding oxidative pro-
cesses involved in degradation. Optimal function
and health rely upon a balance of anabolic and
catabolic processes (homeostasis). These two
branches of metabolism are controlled by the
ENDOCRINE SYSTEM, which in turn responds to
external influences such as diet. Anabolic processes
require small building blocks supplied by breaking
down STARCH, PROTEIN, and FAT in foods to build
larger molecules. GLYCEROL and FATTY ACIDS are the
subunits of fat; AMINO ACIDS yield proteins; and glu-
cose yields glycogen. Fat and carbohydrate degra-
dation provides an energized form of ACETIC ACID
(acetyl CoA) to synthesize fatty acids and choles-
terol. Other specialized products are also assembled
from several different types of smaller precursors.
For example, heme, the iron-containing pigment of
the oxygen transport protein HEMOGLOBIN, is syn-
thesized from an amino acid (GLYCINE) and SUCCINIC
ACID, a common intermediate in energy-producing
pathways.

Growth and an anabolic state, seen as an
increase in body mass and muscle mass, occur dur-
ing childhood, adolescence, pregnancy, and strenu-
ous physical activity, such as body building. The
weight gained in these situations represents
increased protein, bone, or fat, not fluids. Increased
fat stores and accumulated body fat represent
stored surplus energy in adults and can result from
too little exercise, the over-consumption of FOOD,
heredity, or a combination of the above factors.
(See also ADIPOSE TISSUE; ANABOLIC STEROIDS.)

anaerobic Cellular processes that do not require
oxygen. Energy can be produced in cells without
oxygen. Anaerobic GLYCOLYSIS refers to an energy
yielding process by which ATp, the energy currency
of the cell, is produced from GLUCOSE without the
participation of oxygen. As an example, skeletal
muscle produces LACTIC ACID and ATP from glucose
when oxygen supplied to muscle is inadequate to
meet energy needs during strenuous physical exer-
tion. Accumulated lactic acid is then converted
back to glucose during the recovery period follow-
ing EXERCISE when the oxygen supply is again ade-
quate. Anaerobic processes are important for
certain bacteria as well. Anaerobic bacteria in the
intestine grow without oxygen and block the
growth of potential disease-producing microorgan-
isms. Anaerobic fermentation of SUGAR by yeast
yields alcohol-containing products such as WINE
and BEER. (See also AEROBIC; CATABOLISM.)

anaphylaxis An extreme reaction of the immune
system in response to exposure to foreign sub-
stances. Insect bites, drugs, injected serum, and cer-
tain foods can create anaphylaxis. This abnormal
response or immediate hypersensitivity is usually
very rapid in susceptible individuals who may have
been sensitized by previous exposure, and may
produce shock (“anaphylactic shock”). The massive
release of histamines and other inflammatory
agents leads to spasming of smooth muscles, espe-
cially those of the air passageways, and to wide-
spread swelling due to the increased water leaking
out of capillaries. Symptoms range from asthma to
fever, itching, hives, and flushed skin in mild cases,
to chest constriction, irregular pulse, painful,
labored breathing, and convulsions in severe cases.
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Anaphylaxis can be life-threatening and may
require emergency room care. (See also ALLERGIC
RHINITIS; ALLERGY, FOOD; ALLERGY, IMMEDIATE.)

anchovy, European (Engraulis encrasicholus) A
small, herringlike marine fish harvested mainly in
the eastern Atlantic Ocean and the Mediterranean
Sea. Anchovies are usually sold filleted, salted, and
packed in oil. Their distinctly sea-salty taste is used
in appetizers or as a garnish on pizza and in salads.
Anchovies are a key ingredient in Caesar salad
dressing. One anchovy packed in oil and salt pro-
vides calories, 8.4; protein, 28.8 g; iron 4.6 mg;
sodium, 3,668 mg; fat 5 g; cholesterol, 85 mg.

androgen A class of steroid hormones that pro-
motes secondary male characteristics (masculiniza-
tion). Androgens function in the body to stimulate
anabolic processes, such as deposition of muscle
protein. Examples include TESTOSTERONE and
androsterone, produced by gonads.

The synthetic ANABOLIC STEROIDS resemble
testosterone. These drugs have been obtained ille-
gally by male and female athletes and by those who
wish to speed up or increase muscle mass and
decrease body fat beyond the rate obtainable by
training. The use of anabolic steroids causes physi-
cal and mental changes that may be irreversible
and increase the risk of disease. (See also
ANABOLISM.)

androstenediol (4-androstenediol, 5-androstene-
diol) An androgenic steroid that a certain liver
enzyme converts to the male hormone testos-
terone. Androstenediol is one of several popular
“prohormones” sold as DIETARY SUPPLEMENTS and
taken primarily by athletes and bodybuilders, who
believe these substances can increase muscle mass
and strengthen much the same way as ANABOLIC
STEROIDS. Other prohormones in the androstene-
diol family that are sold as dietary supplements
include dehydroepiandrosterone (DHEA), andro-
stenedione (“andro”), 19-norandrostenedione, and
19-norandrostenediol.

The bodybuilding attributes credited to andro-
stenediol and related prohormones have not been
substantiated by credible research. As dietary sup-

plements they are not subject to the same rigorous
government testing as are prescription drugs. Ana-
bolic steroids do stimulate muscle growth, but use
of these drugs solely for that purpose is illegal. Con-
sequently, many athletes and bodybuilders see pro-
hormones as a way to obtain the same fitness
benefits that anabolic steroids confer without vio-
lating the law.

Little is known about the potential side effects of
prohormones like androstenediol, but if they have
the same testosterone-related body enhancing abil-
ities as anabolic steroids, their side effects are prob-
ably similar. In men short-term side effects include
lowered sperm count, enlarged prostate gland,
shrinking testicles, balding, and enlarged breasts.
Women may experience masculinization, increased
size of clitoris, growth of facial hair, deepening
voice, shrinking breasts, and menstrual irregulari-
ties. Long-term side effects for both sexes include
increased risk of HEART ATTACK, high blood pres-
sure, CANCER, and liver damage.

Blue, J. G., and J. A. Lombardo. “Steroids and Steroid-
like Compounds,” Clinics in Sports Medicine 18, no. 3
(1999): 667-689.

anemia A condition characterized by subnormal
levels of HEMOGLOBIN, the oxygen-binding PROTEIN
in blood. Half a million Americans are at risk for
anemia, including 40 percent of pregnant women,
pre-menopausal women, vegans (those who eat no
animal products), adolescents relying on JUNK FOOD
diets, infants, and children with inadequate diets.
Anemia may result from either an inadequate
number of RED BLOOD CELLS (erythrocytes) or an
abnormally low hemoglobin content of red blood
cells. With deficient functional red blood cells, the
oxygen supply to tissues is inadequate for optimal
RESPIRATION, causing shortness of breath, FATIGUE,
weakness, pallor, headache, and lowered resistance
to infection. There are two general types of anemia
based on red blood cell size. Megaloblastic anemia
is characterized by large red blood cells; their short-
ened life span results in a decreased number of
cells. Microcytic anemia is characterized by small
red blood cells with reduced hemoglobin content.
Many nutritional deficiencies lead to anemia.
Inadequate dietary IRON, COPPER, FOLIC ACID, PRO-
TEIN, VITAMIN B, vitamin B;,, VITAMIN C, VITAMIN 4,
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VITAMIN E, and RIBOFLAVIN can cause this condition.
Each of these nutrients is required for the produc-
tion of red blood cells (ERYTHROPOIESIS). Iron defi-
ciency anemia is the most common diet-related
anemia in the United States and it represents the
last stage of iron deficiency. It is characterized by
small, pale red blood cells (microcytic anemia), due
to chronic blood loss or inadequate iron intake.
Symptoms include FATIGUE, pallor, and shortness of
breath. Studies of the nutritional status of devel-
oped nations have routinely found up to 30 per-
cent of a population with iron deficiency. Groups
that are at highest risk are children under the age
of two years, teenage women, pregnant women,
and the elderly. Pregnancy drastically increases the
requirement of iron. In terms of blood loss the most
common causes of iron deficiency are excessive
bleeding during menstruation and intestinal bleed-
ing due to parasites, ulcers, or malignancy. Iron
deficiency can be caused by impaired iron uptake
by the intestine, due to a lack of stomach acid
(ACHLORHYDRIA) or from chronic DIARRHEA. With
iron deficiency, the resulting anemia can be treated
by iron supplementation.

Deficiencies of either folacin or vitamin B, can
cause anemia because each is essential for DNA
synthesis and deficiencies impair erythrocyte pro-
duction. Folic acid deficiency is much more com-
mon because folic acid stores in the body are small,
yet folic acid participates in many biosynthetic
reactions. On the other hand, vitamin B, is stored
in the LIVER, and only trace amounts are required
daily for a few specific functions. Anemia due to
inadequate folic acid and vitamin B,, produces
large (macrocytic) cells with a short life span. This
form of anemia can occur when intake of fresh
vegetables is very limited, or when the need for
folic acid outstrips intake, as may occur during
pregnancy or in ALCOHOLISM. Treatment with folic
acid can ameliorate megaloblastic anemia, yet
mask an underlying vitamin B, deficiency. This
point emphasizes that treatment of anemia
requires expert medical supervision.

Anemia can also indicate a serious condition
unrelated to diet. Non-nutritional causes of ane-
mia include chronic blood loss and congenital
defects in red blood cell formation, such as tha-
lassemia or sickle cell anemia, due to mutant

hemoglobins, and spherocytosis (spherical red
blood cells). Hemolytic anemia is the result of
excessive hemolysis (destruction of red blood cells)
in susceptible people exposed to bacterial toxins,
toxic chemicals, or drugs that may produce JAUN-
DICE. Anemia also may result from reduced nutri-
ent uptake due to the presence of parasites and
chronic infections, gastrointestinal disease or
bowel resection. (See also HEAVY METALS; HEMAT-
OCRIT; LEAD; MALNUTRITION.)

Pruthi, R. K., and A. Tefferi. “Pernicious Anemia Revis-
ited,” Mayo Clinic Proceedings 69, no. 2 (1994):
144-150.

Viteri, Fernando E. “Iron Supplementation for the Con-
trol of Iron Deficiency in Populations at Risk,” Nutri-
tion Reviews 55, no. 6 (June 1997): 195-209.

anemia, aplastic A form of ANEMIA in which the
numbers of RED BLOOD CELLS as well as white cells
are reduced. This type of anemia is caused by expo-
sure to chemicals (such as solvents), toxic heavy
metals, some drugs like chloramphenicol, or ioniz-
ing radiation (like X rays). Radiation therapy,
chemotherapy, and lead poisoning can damage
bone marrow, thus reducing red blood cell produc-
tion. Both the blood platelet count and immunity
decline, with a concomitant increased susceptibility
to infection. Destruction of the bone marrow is
potentially life-threatening.

anemia, pernicious A form of ANEMIA caused
either by a dietary deficiency of VITAMIN B,, or by
inadequate B, absorption. It is characterized by
quite large red blood cells (macrocytic) that are
overloaded in the hemoglobin (hyperchromic).
Low vitamin B, consumption is a concern for
strict VEGETARIANS who avoid meat and meat prod-
ucts. Pernicious anemia is also caused by inade-
quate vitamin B,, uptake. Normally, the gastric
lining secretes a PROTEIN called INTRINSIC FACTOR
that’s needed to specifically bind vitamin B,,.
Because this protein is required for vitamin B,
absorption by the intestine, inadequate intrinsic
factor production, even with adequate dietary B,
can cause pernicious anemia.

Pernicious anemia affects the nervous system as
well as the blood. Symptoms include memory loss,
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weakness, personality and mood swings, and
numbness and tingling in the hands and feet. If this
anemia continues unchecked, nerve damage may
be irreversible. Pernicious anemia is most common
in males between the ages of 40 and 65 years who
have a family history of the condition. Treatment
for intrinsic factor defect involves vitamin B,
injections. Oral doses of vitamin B,, can remedy
dietary deficiencies when intrinsic factor produc-
tion is normal. (See also FOLIC ACID.)

angiotensin A protein-like hormone formed in
the blood that raises blood pressure. Angiotensin
contracts the muscles of CAPILLARIES and ARTERIES
(vasopressor), which increases resistance for blood
flow. Angiotensin is liberated by the action of
RENIN, an ENZYME formed by the kidneys, on a
serum PROTEIN (angiotensinogen) produced by the
liver. The release of renin by the kidneys is trig-
gered when they experience lowered blood flow,
for example, due to dehydration. Angiotensin also
plays an important role in the regulation of blood
pressure by stimulating the ADRENAL GLANDS to
secrete ALDOSTERONE. Aldosterone, in turn, pro-
motes SODIUM retention and water retention by the
kidneys, to help regulate water balance. (See also
ANTIDIURETIC HORMONE; HYPERTENSION.)

animal drugs in meat
TAMINANTS.

See ANTIBIOTICS; MEAT CON-

anion A negatively charged ion. Anions are the
opposite of cATIONS, which carry positive charges.
Important anions are formed when weak acids ion-
ize. Anions, together with their cation counter-
parts, occur in blood and are called electrolytes.
They are required to maintain the appropriate
effective concentration of ions and PROTEINS in the
blood. Key anions in blood are chloride (Cl7),
phosphate (H,PO,), and bicarbonate (HCO5").
Chloride (CI7) is the predominant anion in body
fluids. Neither chloride nor phosphate can be made
by the body; they are essential nutrients to be sup-
plied by the diet. Phosphate and bicarbonate ions
help buffer blood at nearly a constant pH. These
anions are examples of “conjugate bases,” formed
when weak acids ionize. (See also ELECTROLYTES.)

anise (Pimpinella anisum) An HERB belonging to
the PARSLEY family that originated in India and was
cultivated in ancient China and Egypt. The fruit,
aniseed, is dried and used as a seasoning. The dis-
tinctive, licorice-like flavor of anise extract adds to
the taste of shortbread cakes, such as pizella (Italy)
and pains d ’anis (France). Anise is used in certain
candies. Crushed aniseed together with cinnamon
and coriander is used to make a liqueur, anisette.
Chopped anise leaves have been used in pickled
vegetables and soups.

annatto (Bixa orellara) A vyellow-red, natural,
vegetable food-coloring agent obtained from a
small tropical tree that is native to Central America.
Annatto is prepared from the pulp of the fruit and
from the waxy layer around the seeds, and is used
to give a yellow or orange color to several cheeses
(Cheddar, Cheshire, Edam) and to smoked had-
dock, butter, and a variety of pastries and sweets.

anorexia nervosa An EATING DISORDER involving
compulsive STARVATION, resulting in a loss of 25
percent or more of the body weight. Anorexia is
characterized by a sudden or severe weight loss, a
continued effort to lose weight, a refusal to main-
tain normal body weight, a failure to grow during
adolescence, missed consecutive menstrual periods
(amenorrhea), plus nausea, bloating, or constipa-
tion. Starvation symptoms include ACIDOSIS, KETO-
s1s, and ELECTROLYTE imbalance. Behavioral aspects
include food hoarding, food phobia, ritualization of
food preparation while eating very little, eating
alone, phobia of being obese, and feeling fat when
actually underweight. Anorexics seem to prefer
PROTEIN over CARBOHYDRATE. A ZINC deficiency may
be involved in the disease because zinc supple-
ments (25 mg/day) have helped some patients gain
weight.

Although boys and men can be anorectic, 90
percent to 95 percent of patients are girls and
women. Anorexia and bulimia together affect 5
percent of young women in developed nations,
although the disorder is absent from less developed
nations. Anorexia usually begins with a desire to
lose weight or to prevent weight gain. Extreme
social pressure to be trim, an abnormal family envi-
ronment, an imbalanced ENDOCRINE SYSTEM Or ner-
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vous system can trigger this behavior. The typical
patient is a white, female adolescent who is a bright
overachiever, attempting to meet high parental
expectations and wanting more control over her
life. Low self-esteem may be an issue.

Anorexia is a multifaceted disorder and a broad-
based treatment approach has been most success-
ful. Therapeutic programs use nutrition counseling,
individual psychotherapy, behavior modification,
family counseling and medications when required.
Such a multidisciplinary approach involves nutri-
tionists and dietitians, nurses, physicians, social
workers and counselors, and self-help groups. Their
goals are to establish and maintain a desired body
weight while resolving emotional issues and
improving the home environment. Fundamental to
nutritional care is a counseling program to help
patients change their attitudes about food. Depend-
ing on the patient’s nutritional status, a nutritional
program might entail nutritionally balanced meals,
adjusted for patient preferences, vitamin and min-
eral supplements to remedy deficiencies, slow
refeeding with progressive increments in total daily
CALORIES to reach the desired level of calories; and
ongoing nutritional counseling. Anorexics will be
managed by an outpatient treatment program or by
hospitalization when weight loss has been severe,
when there are serious metabolic problems, when
the family is in crisis, or where the patient is suici-
dal. Nutritional rehabilitation programs vary
according to the severity of the condition, but less
restrictive approaches seem to have better results
for weight gain. Psychotherapy usually focuses on
feelings about body image, self-esteem, food, con-
trol of one’s life and choices, and gaining indepen-
dence from harmful family influences. Long
illnesses, severe weight gain, a dysfunctional family
background, late age of onset of the illness, and late
occurring treatment make recovery more difficult.

The mortality rate is about 6 percent to 10 per-
cent due to mineral imbalances. The National Asso-
ciation of Anorexia and Associated Disorders and
the American Anorexia/Bulimia Association are
among the resources available to anorexics. (See
also DIET, MALNUTRITION.)

Woodside, D. B. “A Review of Anorexia and Bulimia Ner-
vosa,” Current Problems in Pediatrics, 25, no. 2 (1995):
67-89.

anorexigenic Capable of diminishing the APPETITE.
Disease influences (DIABETES, OBESITY, CANCER) and
certain drugs can diminish appetite. Certain sub-
stances produced by the body also modulate
APPETITE, especially hormones. Somatostatin and
corticotrophin-releasing factor (produced by the
HYPOTHALAMUS to control secretions by the PITUITARY
GLAND) and hormones of the gastrointestinal tract
(vasoactive intestinal peptide) decreased feeding in
experimental animals when trace quantities were
administered directly to the brain.

antacid A substance that neutralizes STOMACH
ACID used to relieve ACID INDIGESTION (heartburn),
which manifests itself as a pain in the upper
abdomen. Acid indigestion is very common; it
affects one-third of Americans. Medications to
relieve this condition are some of the most widely
used over-the-counter drugs. Antacids are also used
therapeutically to treat PEPTIC ULCERS. Stomach pain
can be due to STRESS or emotion, and not simply the
result of excess stomach acid. However, a severe
pain could point to a more serious condition, such
as a heart attack. Therefore, patients should seek
medical attention for any severe chest pain accom-
panied by short breath, weakness, and sweating.

Antacid use poses potential problems, and
antacids should be used only occasionally. They
work best when taken one-half to two hours after
a meal. Antacids may block the action of medica-
tions, such as tetracycline, digitalis, and anticon-
vulsants. Protracted use of antacids interferes with
calcium METABOLISM and bone formation. CONSTI-
PATION Or DIARRHEA are the two most common
adverse reactions to antacid use. In particular,
antacids that contain ALUMINUM hydroxide or cal-
cium carbonate can lead to constipation. Regarding
aluminum-containing antacids, there are indica-
tions that aluminum intake should be minimized
because aluminum may cause calcium and phos-
phorus depletion. Aluminum hydroxide seems to
have minimal complications when combined with
magnesium hydroxide.

Calcium carbonate is a common antacid. Al-
though it neutralizes acids effectively, it may cause
acid overproduction later (rebound effect). Calcium
carbonate can also block IRON uptake. Another
option is sodium bicarbonate, a major ingredient of
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several popular antacids. However, it should be
noted that the typical American diet provides exces-
sive soDIUM, and sodium bicarbonate antacids could
increase the burden for sodium-sensitive people. A
further reservation: Bicarbonate-based antacids
may promote alkaline blood (alkalosis) or they may
alter KIDNEY or heart function.

Calcium carbonate is the major ingredient of
several antacids. They have been recommended
because they are inexpensive and calcium carbon-
ate has a high content of calcium (40 percent of the
weight). However, taking antacids as a calcium
supplement can seriously lower stomach acidity
and decrease the efficiency of digestion. Under nor-
mal conditions, most forms of calcium supplements
(calcium aspartate, calcium carbonate, calcium
gluconate, and calcium orotate) are absorbed about
as well as the calcium in whole MILK. Remember
that calcium uptake requires an adequate intake of
VITAMIN D, MAGNESIUM, COPPER, and ZzINC, while
adequate physical EXERCISE promotes calcium
deposition in bones. (See also ALUMINUM; BONE;
OSTEOPOROSIS.)

anthocyanins A family of plant pigments respon-
sible for red to blue-red colors in fruits such as
BLACKBERRIES, RASPBERRIES, BLUEBERRIES, and CHER-
RIES. They belong to the family of FLAvONOIDS, plant
substances that are nonnutrients but have benefi-
cial effects. When eaten, these materials bind to
connective TISSUE, where they crosslink and
strengthen COLLAGEN, the primary structural PRO-
TEIN of the body. Liberal consumption of flavonoid-
rich foods may be appropriate for individuals
subjected to oxidative STRESS and chronic inflam-
mation. Flavonoids generally function as antioxi-
dants to prevent tissue damage by FREE RADICALS,
highly reactive molecules that can attack cells.
They help counter inflammation and associated
pain by blocking the production of proinflamma-
tory agents including prostaglandins and leuko-
trienes. (See also PHYTOCHEMICALS.)

anti-aging nutrients See AGING.

antibiotics Chemicals that destroy or prevent
growth of microorganisms including BACTERIA,

MOLDS, and FUNGI. Natural or synthetic compounds
are used extensively as antibiotics to treat infectious
diseases in animals and plants as well as in humans.
Sulfanilamides, penicillins, and erythromycins are
examples of major families of these drugs. Antibi-
otics impact human health in several ways. The pro-
longed use of broad-spectrum antibiotics in treating
disease drastically alters the intestinal microflora by
destroying beneficial bacteria. The loss of beneficial
bacteria can permit less desirable, opportunistic
microorganisms like yeast to flourish, cause intesti-
nal inflammation, and decrease production of nutri-
ents important in maintaining health of the coLon.

Antibiotics can affect specific vitamin require-
ments; chloramphenicol blocks RIBOFLAVIN and VIT-
AMIN B, and B, ,, for example. Penicillin increases
POTASSIUM requirements. Antibiotics can decrease
nutrient absorption in general by altering the
intestinal lining. Neomycin interferes with the up-
take of FAT, AMINO ACIDS, CARBOHYDRATE, water-
soluble and fat-soluble VITAMINS, CALCIUM, IRON,
and VITAMIN K. Tetracycline decreases absorption of
fat, amino acids, calcium, iron, MAGNESIUM, and
zINC, while increasing the rate of urinary excretion
of RIBOFLAVIN, FOLIC ACID, and VITAMIN C.

Antibiotics can have a direct impact on the food
supply. Half the antibiotics produced in the United
States are applied to livestock. The benefits are
more rapid growth and healthier animals. On the
other hand the potential exists for generating drug-
resistant pathogenic bacteria and persistent antibi-
otic residues in meat and dairy products. The
application of antibiotics in animal husbandry and
the permissible levels of antibiotic residues in ani-
mal products are regulated by the U.S. FpA. The fol-
lowing examples illustrate the dimensions of this
food safety issue.

Chloramphenicol This drug can cause ANEMIA
in humans due to damage to bone marrow. Though
banned from use with food-producing animals,
periodic spot inspections showed it was widely
used in cattle and hogs in the 1980s. The degree to
which chloramphenicol continues to contaminate
meat through illegal application, and the degree to
which such a contamination affects health, are
unknown.

Penicillin This common antibiotic is used to
treat dairy herds, among others. The allowable peni-
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cillin level in MILK is 0.01 units per milliliter (about
20 drops) of milk, but spot checks have found 10
times this level in commercial milk. Such high levels
can cause allergic reactions in susceptible individuals.

Sulfamethazine This sulfa drugis a widespread
contaminant in MEAT, POULTRY, and milk. One-
fourth of milk sampled in the late 1980s was con-
taminated, despite the U.S. FDA ban on this drug in
milk. Sulfamethazine is suspected of being a CAR-
CINOGEN. (See also ACIDOPHILUS; MEAT CONTAMI-
NANTS; PESTICIDES.)

antibodies A class of PROTEINS produced by the
IMMUNE SYSTEM to combat viruses, bacteria, and
FUNGI and to neutralize foreign substances. Anti-
bodies are made in response to foreign substances
by B cells, a type of lymphocyte or white cell found
in bone marrow or the lymphatic system. The
progeny of B cells are called plasma cells and are
responsible for antibodies appearing in body fluids
in COLOSTRUM and on mucosal surfaces.

The body produces millions of different antibod-
ies and each type of antibody attacks a different
foreign material (ANTIGEN). The basis of this diver-
sity lies in antibody structure, which allows a close
fit with the antigen, much like a lock fitting in a
keyhole. Antigen-antibody binding then enables
scavenger cells to engulf and degrade antigens.
Long after exposure to the antigen, information for
synthesizing it remains embedded in special lym-
phocytes called memory cells that enable the body
to produce antibodies rapidly when again threat-
ened by the foreign invaders.

Antibodies reacting to normally harmless mate-
rials may trigger overreactions of the immune sys-
tem and may cause AUTOIMMUNE DISEASE, in which
the body attacks its own tissues. Insulin-dependent
DIABETES MELLITUS and rheumatoid ARTHRITIS are
examples. Allergic reactions are another example
of an overreaction of the immune system.

In nutrition, the most important classes of anti-
bodies are IgE, IgG, and IgA. IgE antibodies are
responsible for rapid allergic symptoms (immediate
hypersensitivity) related to HISTAMINE release: red,
runny nose; hives; asthma; swelling; itching; or, in
extreme situations, shock (ANAPHYLAXIS). This class
of antibody is important in TISSUES and is less
prominent in the blood.

IgG (gamma globulin) is the major class of anti-
bodies found in the blood. Elevated IgG is impli-
cated in slow-developing food allergies (delayed
hypersensitivity). After avoiding foods that cause
such allergies, the immune system can return to
normal as allergen-specific IgG gradually disap-
pears from the blood. It may then be possible to tol-
erate allergenic foods if eaten infrequently.

Secretory IgA is the major antibody released by
mucosal surfaces such as the mouth and the
intestinal tract, where it binds potentially danger-
ous microorganisms and prevents their sticking to
tissue and initiating infections. Secreted IgA is
also an important antibody in coLoSTRUM and
BREAST MILK that helps protect the nursing infant
from infection until its own immune system is
able to mount a vigorous defense. (See also ALLER-
GEN; ALLERGY, FOOD; ALLERGY, IMMEDIATE; BREAST-
FEEDING; IMMUNE SYSTEM; ROTATION DIET.)

anticaking agents A class of FOOD ADDITIVES used
to maintain free-flowing powdered and granular
materials. These useful additives are added to table
salt, powdered sugar, malted milk powders, garlic
and onion powders, powdered coffee whiteners,
vanilla powder, BAKING POWDER, dried egg yolk, and
seasoning salts. Examples include DEXTROSE and sil-
icates (aluminum silicate, magnesium silicate,
sodium calcium aluminosilicate, calcium silicate,
and silicon dioxide). These agents are judged to be
safe food additives. (See also ALUMINUM; SODIUM.)

anticancer diet See CANCER.

anticancer nutrients See CANCER.

antidiuretic hormone (ADH, vasopressin) A
pituitary HORMONE that decreases urine output and
conserves water in the KIDNEYS. ADH represents
the body’s primary water-conserving mechanism.
The anterior PITUITARY GLAND releases ADH into the
bloodstream in response to physiologic STRESS,
DEHYDRATION, diminished blood volume, or high
SODIUM concentration in the blood. The mechanism
involves these steps: First, receptors located in the
HYPOTHALAMUS detect increased osmolarity (ion
concentration) of blood, then the hypothalamus
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stimulates the pituitary gland to release ADH. (See
also ENDOCRINE SYSTEM; HOMEOSTASIS.)

antigen A foreign material recognized by the
IMMUNE SYSTEM. Antigens stimulate the formation
of specific antibodies, which bind the provoking
antigens to neutralize them. Generally, a single
type of antibody recognizes one type of antigen.
Antigens may be PROTEINS, glycolipids, POLYSACCHA-
RIDES, microorganisms, or cells. The body has the
ability to neutralize a huge number of antigens
because it can synthesize an immense variety of
antibodies. Because some antigens may share com-
mon structural features, antibodies may cross-
react. Thus, antibodies against cow’s MILK may
cross-react with goat’s milk, and antibodies against
WHEAT protein (GLUTEN) can cross-react with simi-
lar proteins in other grains. (See also ALLERGEN;
ALLERGY, FOOD.)

antihistamine See HISTAMINE.

antimetabolite A drug that interferes with cell
division. By mimicking an enzyme’s usual nutrient
reactant, an antimetabolite tricks the cell’s machin-
ery and prevents normal growth. Sulfa drugs are
bacterial antimetabolites that block the bacterial
synthesis of the B vitamin FOLIC ACID, required for
bacterial growth. Because animal cells depend on
folic acid in the diet and cannot synthesize it, they
are immune to sulfa drugs. A somewhat different
strategy underlies the use of the anticancer drug
methotrexate. Methotrexate attacks cancer cells
that have a high rate of growth, by blocking the
activation of folic acid to its biologically active form
(coenzyme). Without a ready supply of the coen-
zyme form, cancer cells stop growing rapidly.

antimycotic agents FOOD ADDITIVES used to pre-
vent SPOILAGE. These PRESERVATIVES retard growth
of YEASTS and MoOLDS. Examples are sorbates,
SODIUM BENZOATE, and CALCIUM PROPIONATE. Sorbic
acid and pPoTAsSIUM and sodium sorbates retard
spoilage in CHEESE, syrup, JELLY, cake, MAYONNAISE,
SOFT DRINKS, WINE, dried fruit, MARGARINE, and soft
CANDY. Sorbates are readily broken down in the
body and are considered safe additives. Sodium

benzoate, which occurs naturally in FRUIT and VEG-
ETABLES, prevents the growth of most microorgan-
isms but requires acidic conditions for its
antimicrobial action. Calcium propionate prevents
the growth of mold and several bacteria and is a
common additive in BREAD to be stored at room
temperature. These too are safe food additives.

antineuritic An agent that is capable of reliev-
ing damaged nerve inflammations (neuritis). The
inflammation of peripheral nerves of the whole
body may be due to nutritional deficiency, toxic
exposure, or metabolic imbalance. Neuropathy or
nerve damage may result from long-term defi-
ciencies of the B vitamins THIAMIN, NIACIN, VITAMIN
B, VITAMIN B,,, O PANTOTHENIC ACID due to diet-
ary deficiencies or to chronically poor absorption
by the INTESTINE. As an example, thiamin counter-
acts neuritis, a typical symptom of severe thiamin
deficiency. Alcoholics are prone to thiamin defi-
ciency and neuritis because alcohol rapidly
depletes the body’s thiamin stores. (See also MAL-
NUTRITION.)

antioxidant A compound that prevents or retards
the oxidation of sensitive molecules found in the
body or in foods. Antioxidants occur in many foods
naturally as nutrients or non-nutrients, or as syn-
thetic additives. Antioxidants typically block oxida-
tion by preventing damage caused by FREE
RADICALS, extremely reactive forms of oxygen and
other molecules that lack an electron and tear elec-
trons from molecules they meet. In the body, likely
targets are DNA, PROTEINS, and LIPIDS (unsaturated
FATTY ACIDS).

Free radicals form in the body by normal cellu-
lar processes. These include phagocytosis (engulf-
ing viruses and bacteria) by immune cells;
incomplete reduction of oxygen as mitochondria
burn fuels; production of hydrogen peroxide by the
breakdown of fatty acids and the generation of
NITRIC OXIDE, a free radical that functions as a local-
ized vasodilator, a defensive chemical and as neu-
rotransmitter. Free radicals and reactive forms of
oxygen occur by chemical modification of pol-
lutants and toxic substances within the LIVER. Free
radical damage may contribute to CANCER, CAR-
DIOVASCULAR DISEASE, and AGING; consequently,
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antioxidants are a current focus of extensive med-
ical research. It is intriguing that certain antioxi-
dants are both anticancer nutrients and antiaging
nutrients. Because there is such a large variety of
reactive molecules and free radicals, the body
requires a wide range of antioxidant defenses. A
“pecking order” exists among antioxidants; some
are more readily oxidized than others and will be
consumed rapidly unless replenished or recycled in
the body. Certain antioxidants are “preventive
inhibitors,” that is, they block the initiation of free
radical attack. Preventive inhibitors include defen-
sive ENZYMES like CATALASE and GLUTATHIONE PEROX-
IDASE (destroy hydrogen peroxide and lipid
peroxides) and SUPEROXIDE DISMUTASE (destroys
superoxide), chelating agents like cITRIC AcCID that
lock up metal ions, proteins that bind metal ions,
including ALBUMIN, TRANSFERRIN, and FERRITIN.
Other antioxidants, “chain breakers,” convert free
radicals to stable (safe) products. VITAMIN E and VIT-
AMIN C are essential chain-breaking antioxidants. It
is worth remembering that under certain condi-
tions, an antioxidant may become an oxidant. If
the antioxidant becomes a free radical, then it, too,
must be disarmed and regenerated.

Antioxidants as Nutrients

VITAMIN A, BETA-CAROTENE, vitamin C, vitamin E,
and SELENIUM are key antioxidant nutrients.

CAROTENOIDS, including beta-carotene, trap free
radicals, while vitamin A helps guide normal tissue
development. Inadequate carotenoid intake
increases the risk of cancers of the lung, bladder,
esophagus, stomach, colon, rectum, prostate, and
skin. Studies indicate that when used alone, beta-
carotene does not prevent cancer or heart disease.
Indeed, there are hints that unless beta-carotene is
protected by another antioxidant, such as vitamin
E, it may actually increase damage. A multitude of
studies indicates that the consumption of foods rich
in carotenoids protects against cancer, cataracts,
and cardiovascular diseases.

Vitamin C destroys water-soluble free radicals
and protects against cancer. It is needed for a
healthy IMMUNE SYSTEM and it also speeds wound
healing. Vitamin C also protects LOW-DENSITY
LIPOPROTEIN (LDL) cholesterol from oxidation. Evi-
dence for the role of vitamin C in reducing the risk

of coronary heart disease is weak. Ongoing clinical
trials may help decide whether vitamin C supple-
mentation is beneficial for preventing heart dis-
ease. There is some evidence that high dietary
vitamin C may lower the risk of several cancers,
such as breast cancer and stomach cancer. Evidence
does not indicate that high doses of vitamin C
decrease cancer risk, however.

Vitamin E acts as a fat-soluble, free radical trap
that seems to protect the brain from free radical
damage and to partially reverse age-related decline
of the immune system in experimental animals. In
addition, vitamin E promotes the normal function
of smooth muscle cells and reduces platelet adhe-
sion to arterial cells, factors which could reduce the
risk of atherosclerosis. Many population studies
have found a reduced risk of coronary heart disease
with increased intake of vitamin E. However, most
clinical studies of vitamin E supplementation for
several years found no benefit in reducing heart
disease risk.

Selenium works together with vitamin E by
helping an enzyme system (glutathione peroxi-
dase) block free radical attack and to disarm reac-
tive lipids. Selenium is also required for a healthy
immune system. Selenium deficiency increases
the risk of cancer of the esophagus, stomach, and
rectum.

Antioxidants as Nonnutrients in Food

In addition to vitamins, trace minerals, fiber, and
carotenoids, vegetables and fruits provide many
other ingredients important for long-term health.
Vegetables and fruits contain orange-red and yel-
low pigments called carotenoids. They include ca-
rotenes such as beta-carotene and LYCOPENE (from
tomatoes) and xanthophylls, oxygen-containing
derivatives such as zeazanthin and lutein. Xantho-
phylls occur at high levels in dark green leafy veg-
etables. Though relatively few carotenoids serve as
sources of vitamin A, they help protect the body
as versatile antioxidants, and they enhance the
immune system, complementing the actions of
beta-carotene. Fruits, vegetables, seasoning, spices,
and herbs (tea) possess a wide range of complex-
molecules called polyphenols (FLAvONOIDS) and
phenolic acids that are complex ring structures.
Flavonoids include ISOFLAVONES (soybean), fla-
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vones (such as QUERCETIN from tea, berries, fruits)
and flavonones (such as naringenin and HESPERIDIN
from citrus), flavanonols (such as catechins, con-
densed and hydrolyzable TANNINS), anthocyanins
(purple, red, and blue pigments of fruits and
berries), coumarins (from citrus), ellagic acid (from
GRAPES), and others. In general, flavonoids possess
multiple properties; thus they can quench free rad-
icals, inhibit inflammation, strengthen capillary
walls, and reduce oxidative damage to serum cho-
lesterol. The optimal intake of flavonoids and
carotenoids is not known and the long-term effects
of supplementation with large amounts of phyto-
chemicals has not been studied. It should be
pointed out that beta-carotene, vitamin C, and
even vitamin E under the appropriate conditions
can become oxidants (prooxidants). Certain
flavonoids also exhibit prooxidant properties.
Chelated (complexed) iron in the presence of vita-
min C can generate free radicals spontaneously in
the test tube and this could be a potential problem
in the body with iron overload diseases. Finally,
certain flavonoids can specifically block the thyroid
hormone-generating enzyme in thyroid cells. As
with many dietary constituents, a little may be
beneficial, while a lot could be harmful.

Foods rich in vitamin A and beta-carotene and
related carotenoids include orange-colored vegeta-
bles like CARROTS and SQUASH plus dark green leaty
vegetables like CHARD, KALE, and SPINACH. Fresh
fruit, frozen juice concentrate, and vegetables like
green PEPPER and BROCCOLI supply vitamin C. Veg-
etable oil, wheat germ, and nuts provide vitamin E.
Selenium occurs in whole grains, SEAFOOD, CAB-
BAGE, ONIONS, and GARLIC. Fruits and vegetables
also provide flavonoids.

Antioxidants Made by the Body

Glutathione is a sulfur-containing antioxidant pre-
sent in very large amounts in the cytoplasm.
Besides helping to keep proteins reduced, it
assists amino acid transport, helps regulate the
internal oxidation state of the cell, maintains
vitamin E in a reduced state, and detoxifies
potentially harmful substances.

COENZYME Q assists mitochondria to burn fat and
carbohydrate for energy and it functions as a
lipid soluble membrane antioxidant together

with vitamin E, which it protects. Coenzyme Q
production declines with age and the heart may
become deficient in this nutrient.

URIC ACID is found in the blood. It is a nitrogen-
containing waste product from the breakdown
of DNA and RNA.

CITRIC ACID, succinic acid, and other complex or-
ganic acids generated by metabolism can bind
iron and copper, preventing them from catalyz-
ing of free radical-generating reactions.

MELATONIN, a hormone produced by the pineal
gland, possesses strong antioxidant properties.

BILIRUBIN, a breakdown product of HEMOGLOBIN,
acts as an antioxidant in blood.

Antioxidants as Food Additives

Antioxidants are extensively utilized to prevent or
retard deterioration that produces off-flavors or
color changes in foods, making them less appetizing
or less nutritious. Oxidation can also be promoted
by enzymes in foods when exposed to air. This
explains why apples, bananas, pears, peaches, and
potatoes darken after being sliced. The food industry
often employs synthetic antioxidants, particularly
butylated hydroxyanisole (BHA), butylated hydrox-
ytoluene (BHT), ethylene diaminetetracetic acid
(EDTA), and PROPYL GALLATE, as well as vitamin C, as
preservatives to extend the shelf life of processed
foods by preventing free radical damage.
Spontaneous oxidation of fats and oils in the
presence of oxygen, sunlight, and metal ions causes
rancidity unless blocked by antioxidants. (BHA)
and BHT are used to prevent rancidity in fats and
oils, particularly in baked goods like crackers and
cookies. Their safety has been questioned. EDTA is
a common additive in salad dressings, MARGARINE,
MAYONNAISE, sandwich spreads, pureed fruits, and
vegetables, as well as cured shellfish, BEER, and soft
drinks. EDTA is judged to be a safe food additive.
Propyl gallate retards spoilage of fats and oils and is
often used with BHA and BHT to maximize their
antioxidant effects. Several studies with experi-
mental animals suggest that propyl gallate may
cause tumors. A close relative of vitamin C, ery-
throboric acid, is a common antioxidant used in the
preservation of processed meats such as bologna,
frankfurters, and BACON. SULFITES are used as
antioxidants to prevent discoloration of fruit and
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vegetables. Spices and herbs, including thyme,
rosemary, and sage, are sometimes used as food
additives to retard spoilage. (See also ATHEROSCLE-
ROSIS.)

Fairfield, K. M., and R. H. Fletcher. “Vitamins for Chronic
Disease Prevention in Adults.” Journal of the American
Medical Association 23, no. 287 (June 19, 2002):
3,116-3,126.

Singh, Ram B. et al. “Effect of Antioxidant Rich Foods on
Plasma Ascorbic Acid, Cardiac Enzyme and Lipid Per-
oxide Levels in Patients Hospitalized with Acute
Myocardial Infarction,” Journal of the American Dietetic
Association 95, no. 7 (July 1995): 775-780.

antipasto Cold hors d’oeuvres (from the Italian
ante, meaning before, and pasto, for main course of
the meal). A wide variety of foods is suitable for
antipasto: marinated VEGETABLES and FISH; OLIVES;
hard sAUSAGEs like salami; ANCHOVIES; SARDINES;
pickled onion, BEETS, PEPPERS, ARTICHOKE hearts,
CHICKPEAS; and hard and soft cheeses.

antirachitic Refers to compounds related to VITA-
MIN D that are capable of preventing RICKETS, the
disease that results from a severe vitamin D defi-
ciency. Vitamin D is a family of 11 closely related
sterols with similar activity; however, only two
account for most of the vitamin D activity in foods.
Ergocalciferol (vitamin D) is the commercial, sup-
plemental form, and cholecalciferol (vitamin D)
occurs in animal tissues and fish oils. The precursor
of vitamin D5, dehydrocholesterol, occurs in the
skin where it is activated by sunlight. The body
converts vitamin D to the active form, calcitriol,
which is a hormone.

antiscorbutic Capable of preventing SCURvVY, the
disease caused by chronic vitAMIN ¢ deficiency.
Sources of vitamin C (ascorbic acid), usually fresh
fruit and vegetables, relieve the symptoms of
scurvy. Although scurvy has been known since the
time of the ancient Egyptians, the antiscorbutic
effect of limes and other fruit was not discovered in
Europe until late in the 18th century, after experi-
ments involving diets of British seamen. It was not
until 1907 that scurvy was discovered to be caused
by a nutritional deficiency. Though still prevalent

in developing nations, scurvy in developed coun-
tries is usually associated with ALcOHOLISM and
poverty. Sodium erythroborate, an antioxidant
used with vitamin C in processed meats, has no
antiscorbutic effects.

antivitamin (vitamin antagonist) A compound
that diminishes the effect of a vitamin by specific
mechanisms rather than by a general effect. Drugs
can act as antivitamins, thus the anticancer drug
methotrexate is a FOLIC ACID antivitamin. The drug
prevents tumor cells from making tetrahydrofolate,
the coenzyme or activated form of folic acid
required for DNA synthesis. Another case is isoni-
azid, a drug employed to treat tuberculosis, which
is an antagonist of VITAMIN B,. This drug blocks the
utilization of vitamin B by the bacteria causing the
disease. Dicumarol, a drug that prevents blood clots
(anticoagulant), is an antagonist of VITAMIN K.
Antivitamins occur in foods. For example, AVIDIN, a
heat-sensitive PROTEIN in raw egg white, binds
biotin, and prevents its uptake in the intestine. The
viscera of raw FISH contain a THIAMIN antagonist,
thiaminase, which breaks down this vitamin in the
intestine. The ackee plum of Jamaica contains a
RIBOFLAVIN antagonist and has caused an illness
related to riboflavin deficiency. A vitamin or nutri-
ent can become an antivitamin of another. For
example, very high levels of viTAMIN A block the
effects of vitamin K. (See also ANTIMETABOLITE.)

apoenzyme An inactive form of an ENZYME, lack-
ing the appropriate small helper molecule (cofactor
or coenzyme) required for activity. Apoenzyme
thus refers to only the PROTEIN (polypeptide) por-
tion of an enzyme. Enzymes that require coen-
zymes or metal ions to assist them in catalyzing
reactions are entirely inactive unless they are com-
bined with their non-protein helpers. Cellular
protein-synthesizing machinery produces apoen-
zymes, and coenzymes and metal ion cofactors are
added later to create a holoenzyme, which is active
because it contains the required helper group.

apoferritin  The iron-free PROTEIN required for
IRON storage in TISSUES. Apoferritin must be first
synthesized in cells before their iron atoms com-
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bine with apoferritin to form FERRITIN, the iron-
storage protein. Ferritin, a large rust-red protein,
contains a mixture of iron hydroxide and iron
phosphate and accounts for most stored iron, espe-
cially in the intestinal lining, LIVER, spleen, and
bone marrow. Apoferritin can be contrasted with
another apoprotein of iron metabolism, TRANSFER-
RIN. Transferrin transports iron in the bloodstream
to sites in the body that require iron, especially the
bone marrow. Generally, transferrin is about 30
percent bound up with iron. Because 70 percent of
its binding capacity is available for more iron, this
apoprotein offers a reserve of iron transport capac-
ity in the blood.

apolipoprotein A family of PROTEINS that are
ingredients of serum LIPOPROTEINS, the lipid-protein
complexes that transport FAT and CHOLESTEROL in
the lymphatic system and bloodstream. There are
at least nine different apoproteins associated with
different lipoproteins, including Apo A, Apo B, Apo
C, Apo D, and Apo E. Apo A is located on HDL
(high-density lipoprotein), the desirable form of
blood cholesterol, and serves as an analytical
marker for this lipoprotein. Apo B and Apo E occur
as LOW-DENSITY LIPOPROTEIN (LDL), the undesirable
form of blood cholesterol. They guide LDL binding
to TISSUES like MUSCLE so that cholesterol can be
taken up. Apo C is a constituent of both VERY LOW-
DENSITY LIPOPROTEIN (VLDL) and CHYLOMICRONS,
which transport fat in the blood. Apo C activates an
enzyme (LIPASE) in blood vessels that liberates
FATTY ACIDS from these carriers to be absorbed by
tissues. Apo D helps transfer cholesterol between
lipoproteins in the blood. Genetic researchers have
discovered that one allele of the Apo E gene (Apoe-
E4) is a risk factor for ALZHEIMER’S DISEASE.
Although the gene’s role is still unclear, scientists
suspect that the E4 allele promotes the growth of
the amyloid protein plaques that grow on the
brains of Alzheimer’s patients.

appestat The hypothetical center in the brain
that may regulate APPETITE and food intake. While
the exact site of regulation of appetite is not yet
defined, it probably involves the HYPOTHALAMUS, a
part of the brain that regulates HUNGER and THIRST.
Hunger may be regulated much like a thermostat

to balance the body’s energy requirements. Possi-
bly one mechanism stimulates feeding and a sec-
ond suppresses intake. Current research focuses on
a complex array of factors that stimulate or inhibit
appetite and feeding. Substances that decrease
appetite include neurotransmitters, such as sero-
tonin and norepinephrine; the peptide hormones,
including cholecystokinin and peptide YY3-36,
produced by the small intestine; and corticotrophin
releasing factor from the hypothalamus. Leptin is
released into the bloodstream by fat cells that sig-
nal the hypothalamus to stop sending signals that
trigger eating fat and CARBOHYDRATE while increas-
ing the metabolic rate of fat tissue. Factors stimu-
lating appetite include the hormone ghrelin,
produced by the gastrointestinal tract; galanin, a
brain peptide; and neuropeptide Y, which acts as a
transmitter in the brain.

appetite The learned desire to eat, often a spe-
cific food, for taste and enjoyment. Appetite is a
pleasant feeling based on previous experiences
with foods. Appetite can be triggered by association
with aromas, meal time, memories, and certain
food advertisements. In contrast, HUNGER relates to
the innate need to eat and is associated with an
unpleasant sensation coupled with a physiological
need. A variety of foods may satisfy hunger.

Appetite is determined by many factors, includ-
ing social influences (religion, philosophy, cultural
taboos); taste and palatability; state of health; effect
of medications; preferences and aversions learned
by experience; environmental factors, such as cli-
mate; and metabolic factors (HORMONE levels,
caloric requirements).

The physiologic basis of appetite and hunger is
not completely understood. The HYPOTHALAMUS of
the brain seems to be the interpretative center and
clearinghouse for hunger signals. Anxiety, STRESS
and psychological disturbances may cause the
release of appetite-stimulating chemical signals
from different regions of the brain.

Multiple chemical messengers including as
many as 25 neuropeptides affect food intake.
Appetite is regulated by a balance of signals that
either stimulate or inhibit food intake. Several fac-
tors that stimulate appetite include neuropeptide Y,
a brain protein that induces lab animals to con-
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sume more FAT and CARBOHYDRATE and acts as a
neurotransmitter. It is produced by the hypothala-
mus and other regions of the brain. The levels of
neuropeptide Y are modulated by hormones and
by blood glucose levels. Another brain protein
called GALANIN stimulates an appetite for fat. The
hormone ghrelin, produced by the small intestine
and stomach, acts as a powerful appetite stimulant.
Blood levels of ghrelin increase in dieters and also
generally increase just before meals. In contrast,
another peptide hormone called leptin, produced
by fat cells, regulates the hypothalamus to inhibit
food consumption while increasing fat metabolism.
In addition, when peptide YY3-36 (PYY) is released
from the small intestine and travels to the hypo-
thalamus, it turns off neurons that stimulate
hunger. These various hormones, their receptors,
and molecular mimics are the focus of intense cur-
rent research on controlling obesity.

Appetite and Exercise

After beginning an EXERCISE program, appetite may
increase during the first few weeks, then return to
normal, while moderate exercise (15 miles per
week of jogging or walking) may suppress appetite.
Research suggests that exercise increases the intake
of CALORIES by normal-weight men by an average
of 200 calories, even when they burn an additional
600 calories. On the other hand, exercise does not
seem to increase normal-weight women'’s caloric
intake above the levels needed to make up for
those burned by exercising. Regular exercise may
not increase appetite or excessive eating in over-
weight women. (See also CRAVING.)

Bray, G. A. “Reciprocal Relation of Food Intake and Sym-
pathetic Activity: Experimental Observations and
Clinical Implications,” International Journal of Obesity
and Metabolic Disorders 24, supp. 2 (June 2000):
S8-S17.

appetite suppressants A variety of drugs and
plant products are used to curb appetite. In the
past PHENYLPROPANOLAMINE (PPA) was used as an
ingredient in many over-the-counter weight loss
products, but following adverse reports of links to
hemorrhagic stroke with these products, Yale Uni-
versity scientists discovered that PPA does increase
the risk of hemorrhagic stroke in women (and

possibly men). Consequently, the FDA recom-
mended that consumers not use any products that
contain PPA and ruled that PPA is not considered
safe for nonprescription use. As a result the FDA is
in the process of removing PPA from all drug
products and has requested that all drug compa-
nies discontinue marketing products containing
PPA. In addition, the FDA has issued a public
health advisory concerning PPA. In response to
the request made by the FDA in November 2000,
many companies have voluntarily reformulated
and are continuing to reformulate their products
to exclude PPA.

Amphetamines (Dexedrine, Benadrine) are pre-
scription drugs used to temporarily curb appetite,
although appetite generally returns within two
weeks. Bulking agents are forms of plant fiber that
swell in water, filling the stomach and creating sati-
ety. PSYLLIUM, GUAR GUM, and GLUCOMANNAN fall
into this category. These bulking agents are often
included in PROTEIN powders used in weight loss
protocols to help satisfy hunger. Two appetite sup-
pressants, fenfluramine and dexfenfluramine, were
taken off the market by the FDA in 1997, when it
was discovered that thousands of patients who
took these drugs developed potentially deadly pri-
mary pulmonary hypertension and heart valve
abnormalities. Dexfenfluramine was shown to
cause these injuries when taken alone, and fenflu-
ramine was linked to valve problems in patients
who combined it with the drug phentermine in a
mixture popularly known as “fen-phen.” Both fen-
fluramine and dexfenfluramine helped patients
lose weight by increasing serotonin levels in the
blood stream, which provided a sense of well-being
and satiety. The problem researchers discovered
after the drugs were removed from the market was
that the drugs destroyed the body’s ability to con-
trol the amount of serotonin circulating in the
blood. Excessive amounts of serotonin can cause
cell damage to cardiopulmonary structures. (See
also DIETING; DIET PILLS; FIBER.)

apple (Malus pumila) The rounded FrRuUIT of the
apple tree; originated in Asia Minor. It has been
grown for thousands of years and today is the most
widely cultivated fruit tree in the world. Apples are
one of the most popular fruits in North America
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and in Europe. Although there are an estimated
7,000 varieties, only 20 are available in the United
States and just eight account for 80 percent of
apple sales: Red Delicious, McIntosh, Golden Deli-
cious, York, Rome Beauty, Stayman, Granny
Smith, and Jonathan. Apples are typically 2.5 to
3.5 inches in diameter and range in color from rus-
set red to yellow. The flesh can be white (Cortland)
or yellow (Golden Delicious); the flavor may be tart
(Winesap) or sweet (Grimes).

Apples are available year-round because they
store well when refrigerated, although this
decreases the content of VITAMIN c. Certain vari-
eties like Red Delicious, McIntosh, and Rome
Beauty store better than others. On the other hand,
apples stored at room temperature become mealy
and will turn mushy. Apples are used in a wide
variety of desserts (turnovers, fritters, tarts, pud-
dings, compotes, pies, strudels) and in JAMS, JEL-
LIES, and apple butter. A significant percentage of
the European and U.S. apple crop is used to pro-
duce apple JUICE and CIDER.

Goals of North American apple breeding pro-
grams include developing apples that will ripen
before early August, when the first traditional red
apples, the Jonathans, ripen. Another has been to
develop apples that ripen in November. Eventually
apples should be available that will extend the
apple season (fresh picked apples) from early
August to late October.

A typical unpeeled apple with only 80 to 125
calories can be served as a low-calorie, low-fat
dessert or snack and can provide one of the recom-
mended two to four servings of fruit per day.
Unpeeled apples are an important source of FIBER;
an apple can supply about 20 percent of the mini-
mum of fiber recommended for daily consumption.
Most of the fiber is soluble fiber (PECTIN). The
sweeter the apple, the greater the sugar (FRUCTOSE)
content. Commercial applesauce may contain
added sugar. For comparison, a half-cup of apple
butter provides 186 calories; a half-cup of sweet-
ened applesauce, provides 92 calories; a half-cup of
unsweetened applesauce, 50 calories. A typical
3.25-inch-diameter apple (212 g) provides calories,
125; protein, 0.4 g; carbohydrate, 32 g; fiber, 6.6 g;
potassium, 244 mg; vitamin C, 12 mg; and traces of
other vitamins. (See also ALAR.)

apricot (Prunus armeniaca) The oval FRUIT of a
tree belonging to a member of the PEACH family.
The ripened, fragrant fruit is golden yellow and has
little Juicg, unlike the pLUM to which it is also
related. Apricots originated in China, where wild
apricots were harvested 7,000 years ago. Apricots
were later cultivated in India and were introduced
into the Mediterranean after the Greek conquest
under Alexander the Great. The name is derived
from the Latin term for early ripening. Apricots are
best picked when ripe. They do not store well and
can become grainy and soft. Canned apricots main-
tain their texture and are frequently used in
desserts and fruit salads. Apricots are also used
in JAMS, pastries, and cakes. Dried apricots are
exported by California, Iran, Australia, and Turkey.
Apricots are a rich source of POTASSIUM, BETA-
CAROTENE, and FIBER. Three apricots (106 g) pro-
vide calories, 51; protein, 1.15 g; carbohydrate,
11.2 g; fiber, 2.23 g; potassium, 361 mg; vitamin A,
317 retinol equivalents; vitamin C, 8 mg; and small
amounts of other vitamins.

arachidonic acid A long chain POLYUNSATURATED
FATTY ACID that is the parent of important hormone-
like agents called PROSTAGLANDINS and LEUKO-
TRIENES. It is a complex fatty acid, with 20 carbons
and four double bonds. Arachidonic acid belongs to
the omega-6 family of unsaturated fatty acids,
which are derived from the ESSENTIAL FATTY ACID,
LINOLEIC ACID. Because arachidonic acid can be
made in the body, it is not classified as one of the
essential nutrients. MEAT and DAIRY products are rich
sources, and they contribute to the body’s supply.

Arachidonic acid is processed by the “cyclooxy-
genase pathway,” a series of ENzYMES that yield
prostaglandins and related compounds. Pros-
taglandin PGE, and its relatives can increase BLOOD
PRESSURE, induce BLOOD CLOTTING, and cause pain
and inflammation. ASPIRIN and non-steroidal anti-
inflammatory drugs are effective pain relievers
because they specifically block the cyclooxygenase
enzyme. Another prostaglandin from arachidonic
acid, PGI,, helps to counterbalance blood clotting,
while still another derivative of arachidonic acid,
prostacyclin, blocks blood clotting. Therefore,
aspirin use carries the added risk of increased
bleeding.
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A second chain of reactions, the lipooxygenase
pathway, converts arachidonic acid to leukotrienes,
extremely powerful inflammatory agents linked to
the allergic response including swelling and pain.
FISH OILS are rich in the omega-3 family of unsatu-
rated fatty acids, rather than the omega-6 fatty
acids. Because they block leukotriene production
from arachidonic acid, fish oils can reduce exces-
sive chronic inflammation.

arame See SEAWEED.

arginine (Arg, L-arginine) A basic AMINO ACID.
Arginine helps form the nitrogenous waste prod-
uct UREA, as part of the chain of reactions called
the UREA cYcCLE, which disposes of the toxic waste
AMMONIA in the LIVER. More generally arginine
helps build PROTEINS. Arginine and LYSINE are
classified as basic rather than acidic amino acids.
Arginine is often considered a non-essential
amino acid because of the capacity of the body to
synthesize it. However, endogenous arginine
formation may be inadequate in newborn infants
and in adults with liver disease. Arginine is
also converted to NITRIC OXIDE to regulate BLOOD
PRESSURE.

Good dietary sources of arginine are nuts,
CEREAL GRAINS, MEAT, FISH, and POULTRY. Arginine
supplements have been used by athletes to increase
GROWTH HORMONE production and increase MUSCLE
mass. Whether growth hormone levels can be
manipulated by diet is controversial. Oral doses of
arginine can stimulate the production of anabolic
hormones such as INSULIN and prolactin.

Animal studies of arginine supplementation
have produced intriguing results. Arginine speeds
up wound healing in lab animals and in patients.
Arginine-rich diets also increase T-cell function in
patients with traumatic injury or surgery. In exper-
imental animals arginine activates the thymus
gland and lymphocytes. It may enhance the release
of growth hormone and prolactin, which indirectly
stimulate the immune system. The estimated doses
of arginine required to bolster immunity (up to 30
g daily) may cause bone disorders in children and
adolescents. High doses of arginine may cause nau-
sea and DIARRHEA. The use of large doses of indi-

vidual amino acids is considered experimental and
long-term effects on health are being worked out;
therefore, their use therapeutically should be
under the guidance of a physician.

Brittenden, J. M. B. et al. “L-arginine Stimulates Host
Defenses in Patients with Breast Cancer,” Surgery 115,
no. 2 (1994): 205-212.

ariboflavinosis A disease arising from a chronic
deficiency of the B vitamin RIBOFLAVIN. Symptoms
characterizing this condition include sores on the
TONGUE (bald tongue), sores at the corners of the
mouth, skin irritation, and blood-vessel formation
in the cornea. Oral doses of riboflavin rectify this
deficiency. Typically, malnutrition produces a gen-
eral deficiency of most B COMPLEX vitamins, rather
than of a single vitamin like riboflavin because they
occur together in foods. Furthermore, riboflavin is
one of the enrichments of BREAD and BREAKFAST
CEREALS in the United States and deficiency is
uncommon. However, the dietary requirement for
riboflavin increases under certain conditions. For
example, riboflavin in MILK is destroyed by sun-
light, thyroxine (thyroid medication) decreases
riboflavin absorption in the INTESTINE, and boric
acid increase urinary loss of this vitamin. There
may be populations in America for whom
riboflavin intake is a problem. A nutritional survey
of the U.S. population (NHANES I) revealed that
nearly 22 percent of African Americans could be
riboflavin deficient.

aromatic compounds A family of organic com-
pounds related to benzene. Typically, their ring or
cyclic structures are composed of alternating single
and double bonds. Benzene (one ring, an industrial
solvent), naphthalene (two rings, an ingredient of
mothballs), and BENZOPYRENE (four rings) are all
carcinogens. Benzopyrene is a product of charcoal
grilled or BARBECUED MEAT.

Aromatic rings are constituents of a wide range
of physiologically important compounds. For
instance, the amino acids PHENYLALANINE, TYROSINE,
HISTIDINE, and TRYPTOPHAN contain aromatic ring
structures. Important body regulators like EPI-
NEPHRINE, norepinephrine, and SEROTONIN (nerve
chemical neurotransmitters) and HISTAMINE (an
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inflammatory agent) are aromatic compounds, as
are ESTROGENS (female hormones).

Aromatic compounds are made more water-
soluble, hence excretable by the KIDNEYS, through
ring oxidations carried out by LIVER detoxifying en-
zymes (oxidases). Unfortunately, these enzymes
can transform the aromatic compounds into highly
reactive ones during oxidation, and they can
become CARCINOGENS. (See also CYTOCHROME P450.)

arrowroot (Maranta arundinacea) The STARCH or
FLOUR from the underground stems or rhizomes of
several Central American tropical plants. The name
refers to its former use by Indians to treat wounds
inflicted by poisoned arrows. As a food, pulped
tubers produce a white fluid that is dried, pow-
dered, and milled. Arrowroot flour can be used in
wheat-free dishes. This thickening agent can
replace CORNSTARCH in recipes for soups, cream
sauces, pie fillings, puddings, and glazes that need
to remain clear after cooking. Arrowroot thickens
at a lower temperature than wheat flour and corn-
starch. Sauces prepared with arrowroot should be
served soon after thickening, because the consis-
tency will not hold. Arrowroot has a neutral flavor
and does not need to be cooked to remove residual
taste. It is ideal for sauces that should not boil.

arsenic A toxic heavy metal. Arsenic as a pollu-
tant occurs in smog and cigarette smoke. High
doses are thought to interfere with neurological
development in children and to increase the risk of
some types of CANCER. As an ingredient in some
pesticides, it can contaminate produce.

Arsenic may be an essential trace nutrient. In
very low amounts it is a growth promoter in POUL-
TRY and pigs. It plays an as yet unknown function
in METABOLISM in animals and perhaps in humans
as well. Traces of arsenic occur in common foods:
FISH, SHELLFISH, POULTRY, and CEREAL GRAINS. (See
also HEAVY METALS.)

arteriosclerosis A group of pathological condi-
tions characterized by thickened, stiffened arteries.
Alterations in the innermost or outermost vessel
layers can cause arteries to lose their elasticity.
Arteriosclerosis alters the function of TISSUES and

organs, including the brain, where it can cause
major pathological changes. ATHEROSCLEROSIS is a
type of arteriosclerosis in which arteries accumu-
late waxy deposits called PLAQUE.

The cause of arteriosclerosis is unknown,
although AGING, altered FAT METABOLISM, and fam-
ily history have been implicated. DIABETES MELLI-
TUS, HYPERTENSION, increased blood FAT and blood
CHOLESTEROL levels, cigarette smoking, OBESITY,
being male, an inability to cope with sTREss, and
physical inactivity increase the risk of this disease.
A typical treatment program entails regular EXER-
CISE; stress management; abstinence from smoking;
control of diabetes, high blood pressure, and
weight; and lowering dietary cholesterol and satu-
rated fat. (See also CARDIOVASCULAR DISEASE.)

artery A vessel transporting oxygenated blood
away from the heart. Most arteries carry oxy-
genated blood and nutrients to peripheral tissues
like MUSCLE. Arteries lead to arterioles (minute
arteries), which in turn lead to capillaries, the small-
est vessels. In the capillaries, OXYGEN, GLUCOSE, and
other nutrients are delivered to cells. In exchange,
blood acquires waste products like AMMONIA and
CARBON DIOXIDE. Because the vascular or blood cir-
culatory system is a closed system (that is, blood
returns to its starting point, the heart), blood flows
out of capillaries to veins (vessels that lead blood
back to the heart). Blood is pumped to the lungs to
release carbon dioxide in exchange for oxygen. The
pulmonary artery, carrying blood from the heart to
the lungs, is the only artery that does not carry oxy-
genated blood. Several arteries are prone to PLAQUE
accumulation. The arteries feeding the heart (coro-
nary arteries) are prime candidates for disease in
men. (See also CARDIOVASCULAR DISEASE.)

arthritis A family of inflammatory diseases of the
joints, including chronic degenerative joint diseases
such as osteoarthritis and rheumatoid arthritis.
Thirty-seven million Americans suffer from various
forms of arthritis; two-thirds of them are women.
Many conditions are predisposing factors for joint
inflammation, including viral infection (Lyme dis-
ease), some types of FOOD POISONING, disruption of
the body’s chemistry (Gout), disruption of the
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IMMUNE SYSTEM (AUTOIMMUNE DISEASE), certain bac-
terial infections (pneumococcus, staphylococcus,
and streptococcus), certain parasitic infections (gia-
rdia), physical injury, oBESITY, and physical and
emotional STRESS. Arthritis is associated with
AGING, and heredity also plays a role.

Osteoarthritis is the most common form of joint
degeneration. It affects weight-bearing joints, espe-
cially the hips and the knees. In this type of degen-
eration the affected joint may exhibit worn
cartilage, with bone overgrowth and bone spurs.
Osteoarthritis is related to abnormal cALcCiUM
metabolism and stress or injury to the joint. Symp-
toms include morning stiffness, pain that worsens
with joint function, localized tenderness, creaking,
cracking of joints during movement, and restricted
mobility. In primary osteoarthritis, degenerative
wear and tear often occurs after the age of 50,
without trauma or previous inflammatory disease,
because with aging there is a decreased ability to
restore normal collagen and cartilage. Secondary
osteoarthritis refers to a disease caused by a factor
in the patient’s medical history, such as a prior
injury.

VITAMIN E and VITAMIN C seem to enhance the
stability of cartilage constituents (chondroitin sul-
fate). The essential amino acid METHIONINE and
MANGANESE are also needed to produce chondroitin
sulfate. VITAMIN A and VITAMIN B, as well as ZINC
and cOPPER are needed for COLLAGEN, the structural
protein that helps form cartilage. A deficiency of
these nutrients can accelerate joint deterioration.

Rheumatoid arthritis refers to inflamed joints
with overgrowth of joint tissue and swollen and stiff
joints that often cripple the patient. Symptoms
include FATIGUE, low-grade fever, joint stiffness, and
pain, in addition to painful, swollen joints. Gener-
ally, small joints are first affected. Unlike osteo-
arthritis, rheumatoid arthritis is an autoimmune
condition, in which the body attacks itself. Specifi-
cally, antibodies are launched against joint tissue.
Although some medical opinion disclaims the effects
of food on arthritis, accumulated clinical evidence
indicates that certain foods can aggravate arthritis in
susceptible individuals and that food allergies can
increase joint pain. Common foods in this category
are nuts, DAIRY products like MILK and CHEESE, grains
like cCORN and WHEAT, and BEEF. Vegetables of the

NIGHTSHADE FAMILY may be implicated. Individuals
who are sensitive to tomatoes, pepper, or eggplant
may experience less joint pain when abstaining
from these foods. VEGETARIAN diets may be beneficial
in rheumatoid arthritis perhaps due to the decreased
consumption of ARACHIDONIC ACID. This polyunsatu-
rated fatty acid, found primarily in MEAT and dairy
products, contributes to inflammation through its
conversion to certain prostaglandins and LEUKO-
TRIENES, hormone-like compounds that stimulate
the inflammatory process. FIsH and FISH OIL benefit
some patients. Fish oil also reduces the formation of
these inflammatory substances, hence the overall
effect of eating cold-water ocean fish is to reduce
inflammation. (See also ALLERGY, FOOD; DEGENERA-
TIVE DISEASES.)

artichoke (Cynara scolymus) The leaty, edible
buds of a perennial plant resembling the thistle; the
fleshy base is surrounded by scale-like leaves. The
artichoke originated in Sicily and is now widely
grown in other warm climates. In the United
States, globe artichokes are cultivated in mid-
coastal regions of California. The artichoke has
diuretic properties and has a long folk history in
treatment of LIVER complaints. Research supports
its therapeutic effects. Artichokes contain cynarin,
a substance that has significant regenerating effects
and stimulates BILE flow from the liver.

The heart of the artichoke and the top layers of
the inside scaly leaves are edible after cooking.
Artichokes are used as a filling in omelettes and as
fritters. Artichoke hearts can be stuffed, used as a
garnish, or served cold with sauce. Canned arti-
chokes are prepared from the hearts and leaves of
young buds. When packed in oil, canned arti-
chokes should be drained and rinsed to lower the
CALORIE content. A medium-sized artichoke (120 g)
contains 53 calories; protein, 2.8 g; carbohydrate,
12.4 g; fiber, 4.0 g; fat, 0.2 g; calcium, 47 mg; iron,
1.6 mg; potassium, 316 mg; niacin, 0.71 mg; and
small amounts of other vitamins.

artificial flavors (flavoring agents) These flavors
represent the largest group of FOOD ADDITIVES and
are used to replace more expensive natural flavors
and to improve the taste of manufactured or syn-
thetic foods. Although approximately two-thirds of
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all food additives are flavorings and flavoring
agents, they are used in very small amounts. Com-
mon examples include FUMARIC ACID, HYDROLYZED
VEGETABLE PROTEIN, vanillin, and cinnamaldehyde.
MONOSODIUM GLUTAMATE (MSG) is classified as a
FLAVOR ENHANCER rather than a flavor.

The U.S. DA does not require specific flavoring
agents to be listed on the food label because they
are consumed in small amounts. Consumption
averages no more than several ounces a year per
person. Substituting an artificial flavor for the nat-
ural food or flavor lowers the price; however, the
consumer needs to be made aware that artificial
ingredients have been used. The U.S. FDA permits
the general term “artificial flavoring” to be used.
Although nonspecific, this designation is still help-
ful to consumers because foods that list artificial
flavorings on their food labels will probably contain
little of the natural food that would normally pro-
vide that flavor.

The long-term safety of many synthetic or nat-
ural flavors has not been rigorously studied,
although the review process has weeded out sev-
eral natural and synthetic flavorings. Natural root
beer flavoring (safrole) was shown to cause CANCER
in animals and was withdrawn in 1960. The safety
of cinnamon flavor, natural or synthetic, has been
questioned. It is similar to cinnamyl anthranilate,
which was used in grape and cherry flavors in ice
cream and beverages until the FDA proposed in
1982 that it be banned because it causes cancer in
lab animals. Benzylacetate, an artificial flavoring
used in CHEWING GUM, puddings and CANDY, was
found to cause cancer in rats and mice by the
National Toxicology Program. On the other hand,
many flavors, for example caramel, are safe. A
major stumbling block in moving forward with
assessing the safety of artificial flavors is that the
most prevalent artificial flavors, which might pose
a health threat, have not been prioritized for toxi-
cological studies. (See also CONVENIENCE FOOD; FEIN-
GOLD DIET;, FOOD LABELING; PROCESSED FOOD.)

artificial food colors (food dyes, certified food col-
ors, synthetic food dyes, FD&C colors, coal tar dyes)
Synthetic colors account for 80 percent of food col-
oring agents used in the food industry, and these
synthetic additives pose a greater potential health

risk than any other class of food additive. Because
manufactured and processed foods often lack the
fresh colors of whole foods, synthetic dyes have
been used for years to make such foods look more
appetizing or more wholesome. They provide no
nutritional benefits.

Certification of artificial food colors (indicated
by the FD&C designation) implies the dyes meet
standards of purity, but does not assure safety. The
D&C designation stands for dyes permitted only in
drugs and cosmetics, not foods. Most dyes need not
be specified on food labels, and instead they can be
grouped under the heading “artificial coloring.”
Consequently the consumer may not be able to
identify the dyes used in a processed food or bev-
erage. Six dyes can be used in any food: FD&C Blue
No. 1 and No. 2, Green No. 3, Red No. 40, and Yel-
low No. 5 and No. 6. They are common additives in
CANDY, SOFT DRINKS, desserts like ICE CREAM, baked
goods, and SAUSAGES. Citrus Red 2 is used only to
color ORANGE skins.

How safe are artificial food colors? Many studies
with experimental animals suggest that artificial
food dyes cause CANCER. Few safety studies were
carried out before the DELANEY CLAUSE, forbidding
the addition of cancer-causing agents to any food,
became law in 1962. Examination of the safety of
synthetic dyes in use before 1960 has been gradual.
Debate centers on the issue of whether additives
that slightly increase the risk of cancer represent a
tolerable risk and can be used in food.

Safety concerns about approved synthetic dyes
can be summarized as follows. FD&C Red No. 40 is
a suspected cause of LYMPH tumors in experimental
animals. It is widely used in soft drinks, sausage,
GELATIN desserts, other desserts, and candy. A long
controversy surrounds FD&C Red No. 3. It causes
THYROID and lymph tumors in experimental ani-
mals. FD&C Yellow No. 5 (TARTRAZINE) is the only
dye that must be specifically listed on food labels.
Some asthmatics and individuals allergic to ASPIRIN
are also allergic to this dye, which is used in soft
drinks, sausage, baked goods, candy, and gelatin
desserts. FD&C Blue No. 1 causes chromosomal
damage, and FD&C Blue No. 2 may cause brain
tumors in experimental animals. Both are used in
candy and soft drinks. FD&C Yellow No. 6 has been
placed on permanent approval by the U.S. FDA,



48 artificial sweeteners

although it may cause adrenal KIDNEY tumors in
rats. FD&C Green No. 3 causes bladder tumors in
experimental animals. (See also ALLERGY, FOOD;
CARCINOGEN; CONVENIENCE FOOD; FEINGOLD DIET;
FOOD LABELING.)

artificial sweeteners Very common FOOD ADDI-
TIVES used in PROCESSED FOODS and low-CALORIE
beverages. To satisfy consumers’ desire for sweets
without the surplus calories of sugary, fat-laden
foods, food and beverage producers rely on artifi-
cial sweeteners. Only four artificial sweeteners
are currently approved in the United States:
ASPARTAME, SACCHARIN, ACESULFAME-K, and SUCRA-
LOSE. These additives contribute few or no calories.
CYCLAMATE, the first artificial sweetener, has been
banned. Nutrasweet (aspartame) accounts for
nearly 75 percent of the $1 billion artificial
sweetener market. However, its instability to heat
has restricted its use to powdered mixes, SOFT
DRINKS, CHEWING GUM, and a sweetener for COFFEE.
Saccharin is heat stable and contains no calories,
but when used alone some users find a metallic
aftertaste. Acesulfame-K (Sunett) and sucralose
(Splenda) are the newest of the approved arti-
ficial sweeteners. They are both heat stable and
may be used in baked goods. Sucralose, which is
600 times sweeter than sugar, cannot be digested
and therefore adds no calories to the foods it
sweetens.

Several lines of evidence suggest that artificial
sweeteners probably do not assist with weight loss.
A 1998 survey by the Calorie Control Council
revealed that 144 million Americans consume low-
calorie products that have been sweetened artifi-
cially. Nevertheless, the average American still eats
about 20 teaspoons of sugar a day, of which about
60 percent is in the form of corn sweeteners. The
use of artificial sweeteners has not lowered the
incidence of OBESITY in the United States; just
the opposite may be true. Obesity is a major health
problem for many Americans. Women saccharin
users were found to be more likely to gain, not
lose, weight than non-users. No study suggests that
artificial sweeteners diminish APPETITE. Artificial
sweeteners may actually trigger a CRAVING for CAR-
BOHYDRATES and increase appetite, especially after
eating, and thus contribute to a craving for high-

calorie desserts. (See also CONVENIENCE FOOD; DIET;
NATURAL SWEETENERS.)

Henkel, John. “Sugar Substitutes: Americans Opt for
Sweetness and Lite,” FDA Consumer 33, no. 6 (Novem-
ber-December 1999): 14-16.

ascorbic acid See viTAMIN C.

ascorbyl palmitate A fat-soluble antioxidant
FOOD ADDITIVE, derived from VITAMIN C (ascorbic
acid). Ascorbyl palmitate helps retard rancidity in
VEGETABLE SHORTENING by preventing the oxidation
of unsaturated fatty acids. It is used to add vitamin
C to fortified foods and to vitamin supplements as
well. Palmitic acid, a common fatty acid, is linked
to ascorbic acid to make it fat-soluble. (See also
ANTIOXIDANTS.)

ashwagandha (Withenia somnifera, Indian gin-
seng) A plant in the pepper family that is native
to India. The plant’s roots have been used medici-
nally in India and Africa for thousands of years to
treat a variety of ailments including inflammation,
fever, infertility, and impotence. The roots are be-
lieved to contain withanoloids, naturally occurring
oxygenated ergostane-type steroids that are similar
to ginsenosides, the active components of ginseng.
Ashwagandha is marketed in the United States pri-
marily as a herbal remedy, an anti-inflammatory, a
memory and energy enhancer, and an aphrodisiac.
None of these benefits have been confirmed inde-
pendently in the United States.

asparagine (Asn, L-asparagine) One of the 20
AMINO ACIDS employed as a building block for pro-
TEINS. It was the first amino acid to be isolated
(from asparagus juice in 1806). Asparagine is
formed in the body from the amino acid ASPARTIC
AcID and thus is classified as a nonessential amino
acid. Cells convert aspartic acid to aspargine by the
enzymatic addition of AMMONIA. This process cre-
ates a neutral (uncharged) amino acid from an
acidic one.

asparagus (Asparagus officinalis) A vegetable
with succulent shoots and scale-like leaves, belong-
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ing to the lily-of-the-valley family. Asparagus was
known to the ancient civilizations of Egypt and
Rome. Although it still grows wild in Europe, it is
widely cultivated. Asparagus is a perennial, and its
underground stem produces white, purple, or
green shoots or spears. Asparagus root has been
used as a mild diuretic in folk medicine. Martha
Washington and Mary Washington are the princi-
pal varieties grown in the United States.

Asparagus deteriorates quickly, unless refriger-
ated after harvesting. When kept at room tempera-
ture for two days, spears lose half their viTAMIN ¢
content and they become tougher. Asparagus
should be steamed or cooked before use in
omelettes and scrambled eggs, in salads, served Au
GRATIN or plain, hot or cold, with a sauce or pureed.
Asparagus shoots supply vitamins and minerals
and are quite low in CALORIES. Four medium-sized
spears (cooked, 60 g) contain protein, 1.6 g; carbo-
hydrate, 2.6 g; fiber, 1.1 g; iron, 0.4 mg; potassium,
186 mg; vitamin A, 50 retinol equivalents; niacin,
0.63 mg; vitamin C, 16 mg; and small amounts of
other vitamins.

aspartame By far the most popular ARTIFICIAL
SWEETENER in America, aspartame is nearly 200
times sweeter than SUCROSE. The patent for this
sweetener expired in 1992 and several versions of
aspartame are now marketed. Aspartame contains
two amino acids, ASPARTIC ACID, and PHENYLALA-
NINE, plus methanol (wood alcohol). Though a
caloric sweetener, fewer aspartame calories are
needed to obtain a degree of sweetness comparable
to that of table sugar. Aspartame does not have a
bitter aftertaste, nor does it contribute to tooth
decay. It has been approved by the U.S. DA for use
in fruit juice-based drinks, MALT beverages with less
than 3 percent ALCOHOL, baking mixes, and fla-
vored beverages.

Aspartame was approved by the U.S. FDA as a
safe substitute for table sugar for healthy people
consuming up to 23 mg per pound of body weight.
For reference, a can of diet SOFT DRINK typically
contains 180 to 200 mg of aspartame. Aspartame is
not safe for everyone. It can be unsafe for genetic
reasons; people with the inherited disease of
phenylalanine metabolism, PHENYLKETONURIA, can-
not metabolize high levels of phenylalanine, and

they must avoid aspartame because its digestion
produces phenylalanine. Food labels must warn
that the product contains phenylalanine, although
products do not list the amounts of aspartame they
contain.

Certain individuals may be sensitive to aspar-
tame. There have been occasional reports of
migraines, disorientation, ringing ears, and confu-
sion after eating foods containing aspartame. Reac-
tions occur in women three times more frequently
than in men. Although an adult may tolerate the
aspartame in six cans of diet soda, this might be too
much for a child, because of the child’s lower body
weight. Aspartame is not recommended for preg-
nant and nursing women or for infants less than six
months.

Wein, Debra. “Are artificial sweeteners safe? EN updates
a sticky issue,” Environmental Nutrition 18, no. 2 (Feb-
ruary 1995): 1, 4.

aspartic acid (Asp, L-aspartic acid) An acidic
AMINO ACID and one of the 20 amino acids incorpo-
rated into PROTEINS. Aspartic acid possesses an extra
acidic functional group. Aspartic acid is readily
formed from OXALOACETIC ACID, a KREB’S CYCLE
intermediate that is produced during the conver-
sion of CARBOHYDRATE to energy. Hence it is a
nonessential amino acid.

In addition to serving as a protein building
block, aspartic acid is the precursor of the amino
acid ASPARAGINE. It also donates nitrogen atoms to
create UREA, the main nitrogenous waste product of
the body, and to synthesize PURINES, the raw mate-
rials of ATP, DNA, and RNA. During STARVATION,
oxaloacetic acid can be converted to blood sugar
(GLucosE) by the LIVER, and therefore aspartic acid
is classified as a glycogenic amino acid.

aspergillus (Aspergillus flavus) A common MOLD
known to produce AFLATOXIN B, the most potent,
naturally-occurring CARCINOGEN for liver cancer.
Aflatoxin was discovered in the early 1960s in En-
gland when thousands of turkeys consumed moldy
groundnut meal and developed severe liver lesions.
This mold is widespread and occurs in soil, air, and
foliage throughout the world. Different strains pro-
duce varying amounts of mycotoxins (mold tox-
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”

ins). As “storage fungus,” it develops when foods
are stored. Aspergillus has long been studied by
food technologists. Foods often contaminated with
aspergillus after storage include PEANUTS, CORN,
BARLEY, CASSAVA, cottonseed meal, peanut meal,
RICE, SOYBEANS, and WHEAT. In addition, aspergilli
can contaminate FRUITS, several MEATS, spices,
cheddar CcHEESE, and various prepared foods.
Improper drying and storage, high humidity, and
mechanical damage to grains or nuts favor mold
growth and widespread contamination. Food con-
taminated by mold should be discarded. Its toxins
cannot be washed off. (See also FUNGUS.)

aspic A gelatin-based salad with a clear body.
Aspic jelly is prepared from the clarified broth of
boiled MEAT, FISH, Oor POULTRY. SHELLFISH, VEGETA-
BLES, O FRUIT can also be set in a molded jelly. Pow-
dered GELATIN can be dissolved to prepare gels for
DESSERTS and entrees. Aspics can be colored and
flavored with WINE or sherry. Fresh PINEAPPLE juice
contains a very powerful degradative enzyme that
will break down gelatin. Therefore, cooked rather
than fresh pineapple should be used.

aspirin (acetylsalicylic acid) One of the most
widely used analgesics (pain relievers). More than
20 million pounds of this over-the-counter medica-
tion are sold in the United States each year. In addi-
tion to reducing pain, aspirin reduces fever and
swelling associated with inflammation. Several
grams daily are often prescribed to treat the symp-
toms of ARTHRITIS. At the cellular level, aspirin
blocks the formation of PROSTAGLANDINS and
thromboxanes, HORMONE-like compounds that pro-
mote pain, fever, swelling, and tissue reddening,
from ARACHIDONIC ACID, their immediate FATTY ACID
precursor.

Moderate aspirin use may combat a variety of
diseases. Studies indicate that aspirin can reduce
deaths from heart attack when given soon after the
attack and that daily aspirin use lowers the risk
of HEART ATTACKS in men and women. These ob-
servations are explained by aspirin’s blocking
prostaglandins that promote the clumping of small
blood cell fragments called platelets. This is a criti-
cal step in the formation of blood clots that could
be life threatening. The U.S. Preventive Services

Task Force (USPSTF) strongly recommends that
doctors discuss with their patients who are at an
increased risk of coronary heart disease the benefits
and harms of aspirin therapy. Studies have shown
that regular use of aspirin reduced the risk of coro-
nary heart disease by 28 percent in patients who
had never had a heart attack or stroke but who
were at increased risk. These patients included men
over the age of 40, postmenopausal women, and all
who smoked or suffered from diabetes or high
blood pressure (HYPERTENSION).

Other potential benefits of aspirin include pre-
venting dangerous high blood pressure during
pregnancy; helping victims suffering from demen-
tia due to minor STROKES; and reducing the risk of
cancers of the ESOPHAGUS, STOMACH, and COLON,
according to studies by the American Cancer Soci-
ety. Most of these benefits are evident with low
dosage—the equivalent of one tablet daily or every
other day. Aspirin’s long history of use has defined
potential risks. Aspirin can cause water retention,
decrease KIDNEY function, and promote allergic-like
reactions in susceptible people. Asthmatics are
more likely to react to aspirin. For the person with
food allergies, aspirin can accentuate allergy symp-
toms. Some effects of aspirin can be observed after
short-term usage. For example, aspirin use
increases VITAMIN ¢ loss after only four to five days.

Because aspirin thins the blood, it may cause
bleeding in individuals who are prone to stomach
irritation or ULCERS; who have a history of hemo-
philia, hemorrhagic stroke, uncontrollable high
blood pressure, eye problems due to diabetes, liver
or kidney disease; who are facing surgery; or who
are in the last trimester of pregnancy. Aspirin
increases gastric bleeding, especially in the elderly
who drink alcoholic beverages. Aspirin should not
be used by people taking other nonsteroidal anti-
inflammatory drugs or drugs to thin the blood.
Children and teenagers up to the age of 18 should
not be given aspirin for viral infections because it
increases the risk of Reye’s syndrome (a serious
condition affecting the central nervous system,
liver, and heart). (See also ALCOHOL-DRUG INTERAC-
TIONS; ALLERGY, FOOD.)

Hayden, M. “Aspirin for the Primary Prevention of Car-
diovascular Events: A Summary of the Evidence for
the U.S. Preventive Services Task Force,” Annals of
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as purchased (A.P.) Refers to untrimmed foods
with inedible portions (bone, husk, rind) intact.
This term describes food available from retail out-
lets. The term as purchased appears in tables describ-
ing the nutrient composition of foods, where it is
important to indicate the form of a specific food
that was analyzed.

assessment, nutritional status The use of objec-
tive data to determine an individual’s nutritional
status. Dietitians and nutritionists collect data from
clients in order to develop appropriate individual-
ized plans that assure that nutritional goals will be
met. Typically an in-depth nutrition assessment
includes four components: anthropometric mea-
surements, laboratory tests, physical exam, and
clinical evaluation and diet analysis. Anthropomet-
ric measurements provide basic data like height
and weight. Commonly these measurements are
used to calculate a BODY MASS INDEX (BMI), which
is the weight in kg divided by height in meters.
Body fat is often estimated from measurement of
tricep skinfold thickness or midarm circumference.
The major problem with interpreting anthropo-
metric values is that there are no universally
agreed upon standards for comparison. Addition-
ally, human error can result in inconsistent mea-
surements. Other means of assessing body fat and
lean body mass such as measuring electrical con-
ductivity of a region of the body (BIOELECTRIC IMPE-
DENCE ANALYSIS) are common in clinics.

Chemical laboratory tests can aid in detecting
marginal nutritional deficiencies. However, inter-
pretation depends upon the clinician’s understand-
ing of the many factors that may affect a given
parameter. Typical markers include serum albumin,
the most prevalent non-cellular protein in blood,
which has been used to assess the adequacy of
dietary protein. Serum transferrin, a blood protein
that transports IRON, is affected by iron deficiency
anemia, pregnancy, and by serum iron overload.
Urinary creatinine, a waste product from MUSCLE,
can help determine muscle protein stores, since the
amount of creatinine excreted in the urine is pro-
portional to a person’s muscle mass. However, cre-

atinine excretion decreases with age. Health of the
immune system is compromised by nutrient defi-
ciencies, and total lymphocytes (white cell) count
is often used to assess the status of the immune sys-
tem. Infections and steroid therapy can invalidate
this as a nutrition parameter.

Physical Exam and Clinical Evaluation

Although clinicians can usually identify patients
with moderate to severe malnutrition, they may be
less experienced at identifying patients with mild
nutritional depletion. A medical history evaluates
health status and uncovers underlying health
issues and factors that can affect nutrition, such as
alcohol and drug use, chronic disease, disabilities,
or use of medications. While some signs relate
directly to nutritional deficiencies as noted above,
turther investigation may be needed to define the
underlying cause. For example, a fatty stool may
indicate pancreatic insutficiency or inadequate bile
production, or impaired absorption as in celiac dis-
ease. Conditions such as shortness of breath, diar-
rhea, constipation, nausea, gingivitis, physical pain,
poor-fitting dentures, and medications may inter-
fere with food intake and digestion. Emotional
stress can lead to anorexia or depression and dra-
matically affect nutrient consumption. Many
lifestyle factors influence food intake, including
income, family structures, eating habits, physical
activity, accessibility to food, use of alcohol and
drugs, and philosophical or religious beliefs.
Dietary history is an essential part of nutrition
assessment. The simplest form is the 24-hour
recall. An interview or a questionnaire is used to
determine all foods eaten in the preceding 24 hours
and to estimate the quantities by using plastic food
models of typical serving sizes. Alternatively, food
consumption frequency can be estimated using a
food checklist (food frequency questionnaire), for
weekly or monthly intake of 40 to 80 of the most
frequently used foods. This is a descriptive, qualita-
tive approach. In contrast, food records and diet
diaries describe the individual’s current food
intake, recorded daily in terms of common house-
hold measures. To involve the client in behavior
modification, she or he may also be required to
record eating patterns, including locations, times,
events, and feelings associated with a given meal.
For evaluation, intake data are translated into
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nutrient intake. Food composition tables form the
basis of detailed nutrient intake calculations, and
extensive computer software is available to aid in
dietary analysis. Food scoring systems can be based
on identifying foods that are the main contributors
to the elevation of blood cholesterol, that con-
tribute saturated fat or that compose a major food
group.

In the final analysis, dietary nutrient intake is
compared to a standard for evaluation. Typically
this is the RECOMMENDED DIETARY ALLOWANCE
(RDA). Since the RDAs are derived for large popu-
lations, an individual’s calculated nutrient intake
that is somewhat lower than the RDA need not
indicate a deficiency. Nutrient intake values less
than two-thirds of the RDA are best interpreted as
placing the individual at risk for undernutrition.

assimilation The process by which nutrients are
incorporated into cells and TISSUES of the body.
Assimilation is the culmination of DIGESTION and
ABSORPTION. Food entering the body can be
thought of as raw materials that first must be bro-
ken down to individual nutrients by digestion.
The nutrients must then be taken up into the
bloodstream by absorption, and then used by cells
for growth and maintenance through a complex
array of chemical reactions controlled by ENZYMES
and categorized as METABOLISM. Therefore, inter-
ference at any stage—digestion, absorption, assim-
ilation—can lead to malnutrition regardless of
whether the individual is consuming a balanced
diet.

astaxanthin A caroTeNoID found in algae in
oceans around the world, astaxanthin is what gives
the pinkish hue to the flesh of salmonids (SALMON
and rainbow TROUT) and the shells of lobster, crab,
and shrimp. Astaxanthin is added to the feed of
farm-raised fish and crustaceans to compensate for
the lack of it in their diet. Researchers have
demonstrated that astaxanthin is a powerful
ANTIOXIDANT, more effective than BETA-CAROTENE or
VITAMIN E in slowing oxidative damage by FREE
RADICALS tO0 LOW-DENSITY LIPOPROTEIN (LDL) choles-
terol (the good form of cholesterol), cell mem-
branes, cells, and tissues. Unlike beta-carotene,
astaxanthine is able to cross the blood-brain bar-

rier. Because astaxanthin has been shown to pro-
vide potential health benefits in numerous tests
using laboratory animals, it is the subject of exten-
sive research to determine whether these results
can be duplicated in humans. Scientists are cur-
rently investigating its ability to enhance IMMUNE
SYSTEM function, prevent cancer, promote or
restore vision, and prevent or treat neuronal dam-
age associated with ALZHEIMER’S DISEASE, PARKIN-
SON’S DISEASE, and spinal cord injuries.

Jyonouchi, H. et al. “Astaxanthin, a Carotenoid Without
Vitamin A Activity, Augments Antibody Responses in
Cultures Including T-Helper Cell Clones and Subopti-
mal Doses of Antigen,” Journal of Nutrition 125, no. 10
(1995): 2,483-2,492.

asthma An inflammatory respiratory disorder
with labored breathing, chest constriction, wheez-
ing, and coughing. Asthma affects an estimated 10
million Americans of all ages, and the incidence is
rising yearly. This respiratory condition occurs
when muscles surrounding small air passageways
spasm, thus restricting air flow in and out of the
lungs. The inflammation of MUCOUS MEMBRANES
and overproduction of mucus further obstruct air
flow. It is the resistance to air flow that produces
the wheezing sound so characteristic of asthma.

Asthma is an aspect of an allergy attack called
immediate hypersensitivity because the effects
appear within hours of an allergic reaction. A wide
range of external factors can cause asthma, includ-
ing inhaled ALLERGENS (pollen, mold spores, animal
dander, dust); foods (EGGS, nuts, CHOCOLATE, SHELL-
FISH); and some drugs. Alternatively, internal
causes like upper respiratory tract infections can
cause persistent asthma.

There are five classes of medications used
for chronic inflammation. For treatment of acute
asthma attacks, EPINEPHRINE and bronchodilat-
ors, cromolyn sodium or glucocorticoids (anti-
inflammatory steroids), can be used. However,
steroids have been linked to bone loss and other
problems. Antihistamines are often prescribed for
the wheezing, sneezing, and itching associated
with allergy attacks. Eliminating the offending
allergens is a direct way of avoiding further distress
when the allergens occur in the home or work-
place.
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Many asthmatic patients respond to nutritional
approaches. Food allergies are related to an esti-
mated 75 percent of childhood cases and to
approximately 40 percent of adult asthmatics.
ELIMINATION DIETS, in which allergenic foods are
avoided for one to four weeks, may alleviate symp-
toms. CORN, WHEAT, CITRUS FRUITS, DAIRY products,
FISH, and CHOCOLATE are often implicated. Certain
additives can cause symptoms. FD&C Yellow No. 5
(TARTRAZINE) can trigger asthma. SULFITES, which
are common preservatives, trigger asthmatic
attacks in susceptible people. Sulfites appear in
WINE and certain salad-bar vegetables that have
been pickled or canned and in other processed
foods. Eating apples and the mineral selenium may
lower the risk of asthma, which suggests that cer-
tain antioxidants may protect the lungs from dis-
ease. Researchers have found that people who ate
at least two apples a week faced a 22 percent to 32
percent lower asthma risk than did those who ate
fewer apples.

Certain nutrient deficiencies are also associated
with asthma, such as VITAMIN B, and MAGNESIUM.
VITAMIN C serves as an anti-inflammatory agent
and may be helpful. Sulfite sensitive people may
benefit from VITAMIN B,, and MOLYBDENUM. In
some asthmatics with low STOMACH ACID, supple-
mented hydrochloric acid may help reduce symp-
toms. (See also ALLERGIC RHINITIS; ALLERGY,
IMMEDIATE; HISTAMINE.)

astragalus A Chinese herb derived from the root
of the perennial Astragalus membranaceus used in
traditional Chinese medicine for more than 4,000
years to strengthen the immune system. Regarded
as a potent tonic for increasing energy levels and
stimulating the immune system, astragalus has also
been used as a diuretic, as a vasodilator, and as a
treatment for respiratory infections.

Astragalus, also known as milk vetch root and
huang-qi, is taken in China by cancer patients to
boost immunity after drug or radiation treatment
and is one of the most frequently used food sup-
plements and remedies in China. It is available as a
dry or powdered root, as an extract, or as the cen-
tral ingredient in herbal tea. While some patients
use only the root, others also use the leaves and
flowers. It may be used as a decoction. (One tea-

spoonful of the root is boiled in a cup of water for
10 to 15 minutes and drunk three times a day. As a
tincture 2 to 4 ml is taken three times a day.)

atherosclerosis (hardening of the arteries) A
progressive, chronic CARDIOVASCULAR DISEASE char-
acterized by thickening of arterial walls and
deposits called atherosclerotic PLAQUE. Atheroscle-
rosis is the major cause of heart disease, a wide-
spread condition in the United States where an
estimated 65 million people have a form of heart or
blood vessel disease. Atherosclerosis occurring in
arteries supplying oxygen to the heart causes coro-
nary heart disease and contributes to HEART
ATTACKS. Medical progress and changes in diet and
lifestyle have significantly reduced the number of
deaths from atherosclerosis in the last decade.

There are multiple causes for clogged arteries;
some, like heredity, age, and gender, are risk factors
that cannot be controlled. In an estimated 5 per-
cent of cases, a genetic defect in the transportation
and utilization of CHOLESTEROL is implicated. On the
other hand, many factors can be controlled to
reduce an individual’s probability of developing
atherosclerosis. HYPERTENSION (high blood pressure)
and OBESITY contribute to atherosclerosis. Family
history often accompanies these conditions, yet
lifestyle choices can limit their impact. For exam-
ple, the failure to cope adequately with STRESS can
affect the course of hypertension and obesity, while
excessive consumption of ALCOHOL or CALORIES
contributes to obesity. A sedentary lifestyle con-
tributes to obesity and elevated blood cholesterol.
As other examples of personal choice and disease
risk, cigarette smoking can cause hypertension and
high dietary saturated fat often leads to high blood
cholesterol.

The roots of atherosclerosis generally go back to
childhood, when the inner surfaces of arteries first
become rough; then “fatty streaks” develop as
deposits of Lpips, fibrous TISSUE, cALCIUM, and
blood components accumulate. During adolescence
and early adulthood, further deterioration of the
wall can lead to further accumulation of calcium
and cholesterol in arterial walls. The body can
respond to fatty streaks by forming tough and
fibrous deposits called plaque. One form of plaque
consists of proliferated cells and a second type con-
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sists primarily of accumulated lipids, especially of
cholesterol and cholesterol linked to fatty acids.
Thickening and hardening of plaque with calcium
can progress throughout a lifetime and can ulti-
mately narrow arteries sufficiently to restrict blood
flow and cause clot formation. Often the blood clot
blocks the already obstructed artery, preventing
oxygen and nutrients from reaching tissues it
would normally feed.

The initial events in plaque formation are not
completely understood. However, a growing body
of clinical evidence implicates an oxidized form of
cholesterol called LOW-DENSITY LIPOPROTEIN (LDL).
LDL transports cholesterol from the LIVER to all
other tissues, and LDL is the most prevalent cho-
lesterol carrier in blood. LDL cholesterol can be a
target of FREE RADICALS, highly reactive and damag-
ing forms of oxygen; in the process, LDL choles-
terol becomes oxidized. Possibly an early event in
atherosclerosis, phagocytic cells that patrol artery
walls (macrophages and neutrophils, among oth-
ers) ingest oxidized LDL at damaged arterial sites
and in the process become transformed into “foam”
cells that accumulate lipids. Muscle cells may
migrate into the developing mass as it develops into
a fatty streak.

Atherosclerosis has also been proposed to be the
result of the tumor-like growth of arterial cells
injured by oxidized cholesterol, CARCINOGENS, or
other agents such as HOMOCYSTEINE, a degradation
product of the amino acid METHIONINE. It is not
known whether reducing blood levels of homocys-
teine will lower the risk of cardiovascular disease.
Alternatively, mechanical injury to the arterial wall
may induce clumping of platelets, cell fragments
required in blood clot formation. Still others
propose that localized overproduction of growth
factors (platelet-derived growth factor) could stim-
ulate underlying smooth muscle to proliferate. The
detailed involvement of platelets, oxidized blood
lipids, nitric oxides, circulating carcinogens, antiox-
idants, macrophages, and white blood cells in
plaque formation and abnormal lipid metabolism is
still being actively investigated. Sudden death,
heart attacks and unstable angina are often caused
by coronary blood clots (thrombosis), due to dis-
lodged atherosclerotic plaque. Unstable sites are
generally inflamed. Indeed, chronic inflammation

plays an important role in the formation, progres-
sion, and disruption of atherosclerotic plaque.

Laboratory blood tests to measure an individ-
ual’s risk of developing atherosclerosis have
become increasingly sophisticated. Elevated blood
lipids have often been regarded as a risk factor for
atherosclerosis. However, elevated serum TRIGLYC-
ERIDES (FAT) and elevated serum cholesterol levels
are at best only crude indicators of risk of
cardiovascular disease. A ratio of total serum cho-
lesterol to HDL cholesterol is more useful. HDL
(HIGH-DENSITY LIPOPROTEIN) helps remove choles-
terol from tissues and returns it to the liver for dis-
posal or redistribution, thus HDL serves a quite
different role from LDL.

An even more accurate assessment of risk of
atherosclerosis can be obtained from a determina-
tion of the ratio of specific marker proteins,
apoprotein B, a marker for LDL cholesterol, to apo-
protein A, a marker for HDL cholesterol. Another
cholesterol carrier called lipoprotein (a), a close
cousin of LDL, may be useful as a predictor of heart
disease for children, especially for those whose par-
ents or parent had suffered a heart attack before
the age of 42. Elevated homocysteine is considered
an independent risk factor. Vascular inflammation
in coronary heart disease may be assessed by mea-
suring a blood marker for inflammation called C-
reactive protein.

Recent evidence suggests that atherosclerosis
may be reversed. One protocol prescribes a near-
VEGETARIAN diet supplying only 10 percent of total
calories from fat and 5 mg of cholesterol a day;
abstinence from smoking and alcohol; 30 minutes
of EXERCISE daily at least six times per week; at least
an hour daily of stress-reduction exercises, includ-
ing yoga and meditation, with twice weekly meet-
ings in a support group. The mental as well as the
physical aspects of this program seem essential for
its success in opening arteries partially blocked
through disease. (See also HYPERCHOLESTEROLEMIA;
VEGETARIAN.)

Brown, A. J., and W. Jessup. “Oxysterols and Atheroscle-
rosis,” Atherosclerosis 142, no. 1 (January 1999): 1-28.

Futterman, L. G., and L. Lemberg. “The Use of Antioxi-
dants in Retarding Atherosclerosis: Fact or Fiction?”
American Journal of Critical Care 8, no. 2 (March 1999):
130-133.
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Ridker, P. M. “Inflammation, Atherosclerosis, and Car-
diovascular Risk: An Epidemiologic View,” Blood
Coagul Fibrinolysis 10, suppl 1 (February 1999): S9-12.

Atkins diet A high-protein, low-carbohydrate
weight loss program based on the book Dr. Atkins
Diet Revolution, first published in 1972 by the late
Dr. Robert Atkins, who described a theory that
most people are overweight because they eat too
many CARBOHYDRATES. Patients who follow the
Atkins plan eat a diet of almost all protein and fat.
Red meat, butter, cheese, eggs, mayonnaise, and
similar high-fat, high-protein foods that are usually
restricted on other weight-loss programs form the
basis of the Atkins diet.

During the first two weeks of the plan—
the “induction period”—patients are restricted to
consuming no more than 20 g of carbohydrates a
day. This induces the body to go into a state of fat-
burning fasting called ketosis. During ketosis the
body burns ketones, which is fuel created by the
breakdown of fat cells. The theory is that instead of
burning carbohydrates for fuel the body feeds on its
stores of fat.

Use of this diet continues to be controversial.
Ever since Dr. Atkins published his theory, nutri-
tion and health experts have criticized it as
unhealthy, and it has been denounced by the
American Heart Association. The Atkins plan con-
tradicts numerous studies that have demonstrated
the significant correlation between diets high in
saturated fat and increased heart disease risk, and it
contradicts dietary recommendations set forth in
the U.S. Department of Agriculture’s (USDA) FOOD
GUIDE PYRAMID, which recommends six to 15 daily
servings of high-carbohydrate foods such as fruit,
rice, bread, cereal, and whole grain products. There
is little evidence that carbohydrates alone affect
body weight. Being overweight reflects consuming
too many calories.

Critics of the diet say the high levels of saturated
fat in the food it recommends can elevate choles-
terol levels and lead to cardiovascular disease and
HEART ATTACK. Atkins supporters say blood choles-
terol levels may rise initially but quickly return to
prediet levels or drop to even lower levels with time.
Because the diet recommends that patients restrict
their intake of fruits and vegetables, some experts

say it increases the risk of developing cancer. The
National Cancer Institute recommends patients con-
sume no fewer than five daily servings of fruits and
vegetables, many of which contain cancer-fighting
ANTIOXIDANTS, to minimize the risk of cancer. Recent
research shows that patients who are most success-
ful at losing weight and keeping it off do so by exer-
cising regularly and lowering their daily caloric
intake by eating foods low in sugar and fat and high
in fiber. (See also WEIGHT MANAGEMENT.)

“The Truth About Dieting,” Consumer Reports, June 2002.

Miller, B. V. et al. “Effects of a Low Carbohydrate, High
Protein Diet on Renal Function,” Obesity Research 8,
suppl. 1 (2000): 828S.

atopic dermatitis See DERMATITIS.

ATP (adenosine triphosphate) A compound con-
taining “high energy” phosphate bonds that func-
tion as the energy currency of cells. ATP contains
chemical ENERGY and must be constantly replen-
ished and recycled within cells. It is used for all
energy-requiring processes including synthesis of
all cellular constituents (PROTEINS, FAT, LIPIDS, POLY-
SACCHARIDES, DNA) and cell division, movement
and MUSCLE contraction, nerve impulses, and even
the maintenance of ELECTROLYTE balance in cells.
ATP is not stored and it cannot be eaten to increase
its level in the body.

ATP is produced by CATABOLISM, the summation
of all chemical processes in the cell that convert
energy stored in fat and CARBOHYDRATE to ATP.
MITOCHONDRIA, subcellular structures that function
as the cell’s powerhouses, produce most of the ATP
in many types of cells, except red blood cells, by the
oxidation of fat and carbohydrate. The cellular
mechanism coupling this oxidation with the trap-
ping of about 40 percent of the released energy as
ATP is called OXIDATIVE PHOSPHORYLATION. In this
process, electrons obtained from fuel oxidation
pass through a sequence of electron carrier pro-
teins (CYTOCHROMES), which operate like a bucket
brigade. Simultaneously, inorganic phosphate ions
attach to ADP (adenosine diphosphate) to form
ATP, while oxygen is reduced to WATER.

VITAMINS of the B COMPLEX assist the enzymic
machinery of the mitochondrial engine in its
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energy conversions. Without B vitamins, fuel is not
burned efficiently, curtailing ATP output. They do
not create ATP nor are they burned as fuel, how-
ever. (See also CARBOHYDRATE METABOLISM; FAT
METABOLISM; KREB’S CYCLE.)

atrophy A reduction in size and function of a tis-
sue, organ, or structural element of the body. MAL-
NUTRITION, decreased physical activity, a change in
HORMONE balance, reduced cell proliferation, and
diminished oxygen supply can cause atrophy of tis-
sues. Emaciation characterizes extreme STARVATION,
ANOREXIA, or disease processes preventing nutrient
assimilation.

attention deficit-hyperactivity disorder (ADHD)
Behavior disturbances characterized by overactiv-
ity and restlessness, aggressive behavior, poor self
control, and short attention span. As many as 4
percent of children suffer from hyperactivity,
which affects more boys than girls through adoles-
cence. As many as 30 percent to 50 percent of indi-
viduals who had ADHD as children continue to
have it as adults. Multiple factors have been impli-
cated in hyperactivity and inattentiveness:

e Artificial FOOD ADDITIVES: Some experts believe
that synthetic chemicals like ARTIFICIAL FOOD COL-
ORS, PRESERVATIVES, and salicylates (compounds
related to aspirin) affect the nervous system.

e Food allergies and FOOD SENSITIVITIES: Clinical
studies indicate that elimination of offending
foods from an allergic child’s diet can sometimes
improve scholastic performance dramatically.

e Abnormal CARBOHYDRATE METABOLISM: Some
people with ADHD may be unable to metabolize
SUGAR normally. Behavioral problems have been
reported to be linked with excessive consump-
tion in these individuals.

e Toxic exposure: Excessive aluminum, lead, and
copper may be associated with hyperactivity.

e Nutritional deficiencies: Deficiencies of iron, cal-
cium, magnesium, zinc, and essential fatty acids
have been linked to fidgeting, restlessness, and
learning difficulties. Occasionally, children
respond to niacin, vitamin By, and thiamin sup-
plementation.

Following the FEINGOLD DIET, which limits con-
sumption of artificial colors and preservatives and
eliminates sensitive food from the child’s diet, can
sometimes be beneficial. However, experience has
shown that effective treatment involves the entire
family in order to create a supportive environment.
A high-protein, low-carbohydrate diet with limited
refined sugar may be beneficial, but the role of
sugar in behavior is controversial. The DIETARY
GUIDELINES FOR AMERICANS state that sugar does not
cause hyperactivity. Indeed, several clinical trials
have not detected an association. On the other
hand, excessive dietary sugar leads to nutrient defi-
ciencies that contribute to hormonal imbalances
affecting behavior.

Conventional treatment to regulate ADHD relies
on psychological counseling, behavior modification
and drugs (stimulants, tranquilizers, and tricylic
ANTIDEPRESSANTS). (See also ADDICTION AND SUGAR;
ALLERGY, FOOD.)

au gratin From the French term for a golden
crust on the surface of a prepared dish. In the
United States, this term usually refers to a food
coated with grated, strongly flavored CHEESES or
BREAD crumbs and melted BUTTER, therefore higher
in CALORIES than baked or steamed foods. A scal-
loped or sauce dish can be lightly coated with bread
crumbs, crushed corn flakes, ground nuts, or
cracker crumbs and heated to form a golden brown
crust. More generally, VEGETABLES, FISH, and PASTA
dishes can be cooked so that a layer forms on the
surface, thus protecting underlying food from dry-
ing out.

autoimmune diseases Disorders of the IMMUNE
SYSTEM in which the body attacks itself. Normally,
the body employs the immune system to discrimi-
nate very carefully between foreign invaders,
which are attacked, and its own TISSUES. In autoim-
mune diseases, the immune system mistakenly
produces ANTIBODIES against specific tissues. Such
an attack can lead to crippling damage. Studies to
define underlying causes suggest there is a major
breakdown in the way the body discriminates
between foreign cells and its own tissues. Monitor-
ing self-recognition is a complex process involving
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many components of the immune system that are
currently being studied:

e Normal controls (T-helper cells) that regulate B
cells responsible for forming “self-directed” anti-
bodies may be bypassed. T-cells and B cells are
the two major types of lymphocytes (white
blood cells).

e “Rheumatoid factor,” antibodies present in 50
percent to 95 percent of patients.

e Defects in the production of cells regulating
antibody production (T-helper cells or T-sup-
pressor cells) due to genetic defects or defects
caused by viruses.

e Specific antibody-binding sites. HLA antigens on
cell surfaces are linked to a susceptibility to sev-
eral autoimmune diseases, like insulin-indepen-
dent diabetes and LUPUS ERYTHEMATOSUS.

® FOOD SENSITIVITY and ALLERGY are implicated in
some cases.

Examples of different autoimmune diseases
include the following:

Rheumatoid Arthritis A disease progressing from
inflammation of the joint to a deterioration of
cartilage. It is characterized by special antibod-
ies, “rheumatoid factors” in the blood that can
be measured clinically. Patients with rheuma-
toid arthritis have increased amounts of a spe-
cific type of “histocompatibility” (HLA) antigen.
These antigens control transplantation reac-
tions. In some cases food allergies are impli-
cated.

Insulin-dependent Diabetes Glucose accumulation
in the blood due to the destruction of insulin-
producing cells of the PANCREAS. With the loss of
the ability to make INSULIN, there is an absolute
requirement for the hormone. This disease is
also characterized by the presence of a
specific kind of antibody recognition site (histo-
compatibility or HLA antigen). The best early
marker of this disease appears to be an antibody
against the insulin-producing tissue of the pan-
creas.

Lupus Erythematosus (Systemic) A chronic in-
flammatory disease that can attack many or-
gans, especially their connective tissues. It is

much less common than rheumatoid arthritis
and occurs most frequently in women between
the ages of 20 and 40. The rate of occurrence has
steadily increased in the last 30 years, although
its cause is unknown.

Multiple Sclerosis (MS) Characterized by blurred
vision and a gradual loss of control of move-
ment as nerve tissue is damaged. There is also
spotty damage to the motor and sensory nerves.
This disease apparently begins early in life.
Early stages are characterized by feeling clumsy
and heavy, with “pins and needles” sensations
and feeling light-headed. Living in northern
states increases the risk of getting MS. One or
two people per thousand Americans have the
disease. The cause of MS is unknown, and there
is no proven cure. Abnormalities in the
immune response have been detected in
patients with MS, possibly triggered by a prior
viral infection. Most nutrition research has
focused on decreased dietary FAT and increased
ESSENTIAL FATTY ACIDS. (See also NIGHTSHADE
FAMILY. )

Harbige, L. S. “Nutrition and Immunity with Emphasis
on Infection and Autoimmune Disease,” Nutrition and
Health 10, no. 4 (1996): 285-312.

avidin A protein in EGG white that binds to
BIOTIN, making this B vitamin unavailable for
intestinal absorption. Avidin in one of several
nutrient binding proteins in egg white that help
prevent bacterial growth, which could threaten the
fertilized egg. Avidin binds biotin so tightly and
selectively that it has been used to experimentally
induce biotin deficiency in animals, which other-
wise is difficult to study. There is no risk of biotin
deficiency due to avidin when consuming cooked
eggs because avidin is inactivated by heat. (See also
ANTIVITAMIN. )

avitaminosis A vitamin deficiency disease. Such
diseases can be caused by a dietary deficiency, by
maldigestion or by the MALABSORPTION of a vitamin.
Though rare in industrialized nations, acute vita-
min deficiency diseases are all too common
throughout developing nations, especially among
children and elderly populations. Preclinical signs
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and symptoms usually precede the appearance of a
full-blown deficiency disease such as SCURVY (VITA-
MIN C); PELLAGRA (NIACIN); BERIBERI (THIAMIN); RICK-
ETS (VITAMIN D); and ANEMIA (various vitamins such
as FOLIC ACID and VITAMIN B,,, among others). The
MINIMAL DAILY REQUIREMENT was a standard opera-
tionally defined by the minimal amount of a nutri-
ent that must be supplied to prevent deficiency
disease. (See also MALNUTRITION.)

avocado (Persea Americana) A fruit native to
Central and South America, and cultivated in the
United States in California and Florida. Depending
on the variety, avocados vary from bell-shaped and
green to pear-shaped with a coarse, shell-like skin.
This fruit is unusually high in FAT, ranging from
5 percent to 20 percent, although most of it is
monounsaturated. A MONOUNSATURATED OIL de-
rived from the avocado is rather expensive and
resembles OLIVE OIL in FATTY ACID composition.
Avocado oil contains 69 percent monounsaturated
fatty acids and 14 percent POLYUNSATURATED FATTY
AcIDS. The corresponding values for olive oil are 72
percent and 9 percent respectively. These monoun-
saturated oils are more healthful than saturated
oils and polyunsaturates because they lower LDL

CHOLESTEROL while maintaining HDL cholesterol
levels with typical high fat consumption.

The flesh has a buttery consistency and a mild fla-
vor. Fresh avocados may be used as hors d’oeuvres
or in salads, mousses, and souffles. Sliced avocados
darken rapidly when exposed to air and room tem-
perature. The enzyme-catalyzed darkening can be
reduced by refrigeration or by adding LEMON juice
or VINEGAR. One half of an avocado, four inches
long (100 g) provides calories, 160; protein, 2.0;
fat, 15 g; carbohydrate, 7 g potassium, 600 mg;
iron, 1.0 mg; vitamin A, 60 retinol equivalent; vit-
amin C, 8 mg; niacin, 1.9 mg; thiamin, 0.1 mg;
riboflavin, 0.1 mg.

azodicarbonamide A FooDp ADDITIVE used to age
(condition) wWHEAT flour. Aging is an OXIDATION
process. During aging, FLOUR constituents, includ-
ing PROTEIN, are chemically altered to yield an elas-
tic dough that is lighter and easier to manage.
Elastic doughs can rise more readily with the car-
BON DIOXIDE released by LEAVENING AGENTS. Before
the use of food additives, wheat flour was stored
for several months in order to alter the properties
of GLUTEN. Flour conditioning agents now accom-
plish the same result in a matter of days.



baby food Foods other than MILK and INFANT
FORMULA fed to babies during their first year. Com-
mercially prepared baby foods in jars (cooked or
pureed food) and in packets (as dehydrated food)
offer a large variety of wholesome and nutritious
food, including MEATS, CEREALS, VEGETABLES, FRUITS,
DESSERTS, and combination foods. Food consistency
varies from strained to chunky according to the
developmental age of the child.

NO ARTIFICIAL FOOD COLORS OI ARTIFICIAL FLAVORS
are added. However, FOOD ADDITIVES may be in-
cluded to inhibit MOLDS, increase texture, or soften
foods. Until the 1980s, most bottled baby foods
contained MODIFIED CORNSTARCH as a thickener.
This questionable food additive is now seldom used
in baby foods.

Salt and SUGAR were once common additives to
manufactured baby foods. Ironically, these were
often added to satisfy the parent’s taste. Baby foods
are now either unsweetened or contain low
amounts of sugar, and manufacturers have elimi-
nated salt. There is no health reason for adding
SODIUM, SUCROSE, MONOSODIUM GLUTAMATE (MSG),
Or PRESERVATIVES to baby foods. Furthermore, tastes
for salty and sugary foods can be acquired, which
suggests a potential risk of establishing a child’s
preference for PROCESSED FOOD at an early age.
Although all ingredients are listed on baby food
labels, the labels can be misleading. For example,
“high meat” dinners need be only 26 percent meat
in baby food, and “chicken and rice” for babies
need be only 5 percent chicken according to regu-
lations. (See also BREAST-FEEDING; FOOD LABELING.)

Kurtzweil, Paula. “Labelling Rules for Young Children’s
Food,” FDA Consumer 29, no. 2 (March 1995): 14-18.

Bacillus cereus A bacterium capable of causing
FOOD POISONING. There are two forms of B. cereus
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food poisoning: In the diarrheal form, infection is
associated with VEGETABLES, SAUCES, puddings, PAS-
TRY, and MEAT dishes that have been improperly
refrigerated after cooking, permitting bacterial
spores to begin growing. The bacteria produce tox-
ins (ENTEROTOXIN) in the intestine that cause symp-
toms including severe DIARRHEA and abdominal
pain, and, occasionally, associated nausea. Symp-
toms generally appear 10 to 12 hours after con-
suming contaminated food and usually diminish
within 24 hours.

A second food poisoning syndrome (EMETIC syn-
drome) is due to the production of a different
toxin, which is produced in the food itself. Fried
RICE is often a culprit in Asian restaurants. In the
typical scenario, boiled rice is allowed to dry; then
it may be stored overnight or longer before it is
fried. Heat resistant bacterial spores may form.
Symptoms generally appear within one to five
hours and include nausea, vomiting, and malaise.

To minimize this source of food poisoning,
freshly cooked food is best eaten hot. Food
allowed to cool slightly and kept warm for ex-
tended periods may promote bacterial growth.
Cooked food should be kept hot or cooled rapidly
and refrigerated.

bacon Smoked and cured cuts from the back and
rib area of the hog. Bacon is a high-fat food that is
usually thinly sliced and fried or grilled. Bacon
burns easily, and old bacon burns twice as fast as
fresh. Bacon, 100 g or about three ounces, cooked
and drained of FAT, represents 573 CALORIES, and
most of this is due to SATURATED FAT. Canadian-style
bacon resembles HAM and comes from a muscle in
the eye of a pork loin; it should be cooked more
like ham. It is a leaner meat than U.S. bacon; 100 g
equals 183 calories.
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NITRITES are added to bacon and other cured
meats to retard bacterial growth and to maintain a
brighter color. The legal limit of nitrite in bacon was
set at 100 ppm (parts per million) in 1985. Cancer
researchers are concerned that nitrite can react with
nitrogen-containing compounds (AMINES) in foods
to form a potent carcinogen (cancer-causing agent)
called nitrosoamine. Among cured MEATS, levels of
nitrosoamines were found to be highest in bacon
because it is fried at high temperatures, which pro-
motes nitrosoamine formation. The U.S. Depart-
ment of Agriculture requires that VITAMIN C
(ascorbic acid) or another ANTIOXIDANT be added to
minimize the formation of nitrosoamine when the
meat is cooked. (See also MEAT.)

bacteria, intestinal Microorganisms that nor-
mally grow in the human INTESTINE. In adults the
intestine contains more bacteria than there are cells
in the body. The colon contains most of the intesti-
nal bacteria, weighing typically 4 to 6 pounds and
including nonspore-forming anaerobic bacteria,
anaerobic streptococci, and acid-forming bacteria.
In this regard, lactobacillus species and bifidobacter
species are most important. In a healthy person,
the bacterial flora are relatively constant. This is
remarkable, considering the many pounds of food
ingested daily and the huge number of microor-
ganisms in the environment.

“Friendly” gut bacteria are important in main-
taining a healthy intestinal flora that benefit the
body. Lactobacillus species occupy the lower por-
tions of the small intestine, where they adhere to
the intestinal wall and prevent potential pathogens
(disease-producing microorganisms) from growing
on the intestinal wall. The exclusion of potential
pathogens from attachment sites on the intestinal
wall where they might colonize in the presence of
normal bacteria is referred to as microbial interfer-
ence. Lactobacillus and bifidobacteria break down
carbohydrate to produce LACTIC AcCID, which helps
create an acidic environment that is unfavorable for
many potential pathogenic microorganisms. These
bacteria also produce substances that limit the
growth of undesirable organisms, including yeasts.

Intestinal bacteria ferment much of the FIBER an
undigested carbohydrates, which are further

metabolized by bacteria to short-chain fatty acids
(ACETIC ACID, PROPIONIC ACID, and BUTYRIC ACID) and
methane and hydrogen. The short-chain fatty acids
may supply more than 10 percent of the body’s
energy needs, and butyric acid specifically pro-
motes the health of the colon. Other useful bacter-
ial products include vITAMIN K and BIOTIN in
quantities usually adequate to meet most daily
requirements.

A state of imbalanced intestinal bacteria is called
dysbiosis, which is characterized by low levels of
desirable bacteria and the appearance of harmful,
opportunistic organisms. Many factors can cause
dysbiosis. The most common cause is the chronic
use of broad-spectrum antibiotics that destroy
many types of bacteria, including the beneficial
ones. A Western-style diet, characterized by high
meat, high fat, and low fiber consumption, favors
dysbiosis. STRESS, inadequate stomach acid to ster-
ilize food in the stomach, and aging can imbalance
gut bacteria.

Pancreatic insufficiency can lead to carbohy-
drate maldigestion and inflammation or other
alteration of the intestine, which can limit carbo-
hydrate digestion and uptake. Excessive undigested
carbohydrate resulting from maldigestion and MAL-
ABSORPTION can promote bacterial proliferation
leading to DIARRHEA, FLATULENCE, and bloating. LAC-
TOSE INTOLERANCE, which is due to the inability to
digest milk sugar, leads to intestinal discomfort
when bacteria are able to ferment undigested lac-
tose. Unusually rapid movement of food through
the digestive tract (shortened transit time) and
diarrhea change the amounts and the relative com-
position of intestinal bacteria. Lactic acid bacteria
supplements are available to help repopulate the
intestine and help relieve symptoms of diarrhea.
(See also ACIDOPHILUS; ESCHERICHIA COLL)

Gibson, Glenn R., and Marcel B. Roberfroid. “Dietary
Modulation of the Human Colonic Microbiota: Intro-
ducing the Concept of Prebiotics,” Journal of Nutrition
125, no. 6 (1995): 1,401-1,412.

bacterial toxins Complex substances produced
by disease-causing bacteria. Toxins cause disease,
especially FOOD POISONING. Enterotoxins represent
one class of bacterial toxins. These substances irri-



baking powder 61

tate the lining of the intestines, causing diarrhea
and intestinal muscle spasms.

The two most common toxin-producing bacte-
ria that contaminate food and cause food poison-
ing are staphylococcus and clostridium. They
produce protein enterotoxins and are a common
cause of food poisoning in the United States and
other countries. Other pathogenic bacteria, like
SALMONELLA, cause illness by infecting the intesti-
nal tract. Foods most likely to be involved in out-
breaks of enterotoxin poisoning are contaminated,
cooked foods such as HAM, POULTRY, BEEF, cream-
filled pastry, FISH, SHELLFISH, potato salad, maca-
roni salad, and egg and milk products. Following
contamination of a food, the staphylococcal bacte-
ria require several hours of incubation at warm
temperatures to form toxins. Sometimes large
amounts of warm food placed in refrigeration cool
so slowly that staphylococcal growth and toxin
production occur. Brief reheating does not destroy
enterotoxins.

Neurotoxins represent a second class of bacterial
toxins. The most notorious neurotoxin causes BOT-
ULISM, in a rare, potentially deadly form of food
poisoning that occurs throughout the world. This
disease is caused by the anaerobic, spore-forming
bacillus Clostridium botulinum, which can produce a
neurotoxin in inadequately canned or contami-
nated food. Botulinum toxins are heat-stable pro-
teins that persist in cooked food. They are among
the most poisonous natural toxins; only two micro-
grams can be lethal to an adult. Spores of clostrid-
ium botulinum are not killed at the temperature of
boiling water, thus canning procedures must
employ higher temperatures (230° F-250° F) for
several minutes to assure destruction of this spore-
forming bacteria.

Endotoxins are a third class of bacterial toxins.
They represent a heterogenous group of products
released from bacterial cell walls and protoplasm
when bacteria die and disintegrate. They are nor-
mally excluded by the intestinal mucosal barrier
and intestinal antibodies. However, with gut
inflammation the intestinal lining becomes leaky
and endotoxins may be absorbed to a limited
extent. CYTOTOXINS are then capable of attacking
cells of specific organs and causing disease. (See
also FOOD TOXINS; LEAKY GUT.)

bagel A doughnut-shaped, dense roll made with
high-protein flour. The basic ingredients are typical
of most BREADS; FLOUR, water, YEAST, and salt.
Recent trends are to add sweeteners like sugar or
honey. Most of the CALORIES come from CARBOHY-
DRATE, not FAT. Egg bagels contain additional fat
and CHOLESTEROL derived from eggs. Bagels are tra-
ditionally eaten with cream cheese and lox. A typ-
ical plain bagel weighing 68 grams (2.4 0z) supplies
200 calories; carbohydrate, 38.2 g; protein, 7.5 g;
and fat, 1.75 g. Larger bagels may weigh three
times as much and supply an additional 75 to 80
calories, and 1 to 2 grams of fat per ounce.

baker’s yeast Strains of the yeast Sacchromyces
cervisia used to leaven bread and other bakery items.
The purpose of yeast is to metabolize carbohydrates
and generate CARBON DIOXIDE, which when trapped
as bubbles makes the dough rise. Yeast enzymes
break down glucose released from the starch in
dough. To maximize this leavening effect, strains of
S. cervisia have been selected for their ability to fer-
ment sugar with maximum carbon dioxide forma-
tion and minimal ALCOHOL production. Thus baker’s
yeast differs from BREWER’S YEAST, which maximizes
ALCOHOL production from sugar. Dried, easy-blend
baker’s yeast is available in packets. It must be
reconstituted in warm water before it is added to
dough in order to activate yeast ENZYMES to gener-
ate carbon dioxide; the dehydrated yeast them-
selves cannot reproduce. Sugar fermentation is best
carried out at 80° F to 95° F, the temperature rec-
ommended to permit dough to rise.

baking powder A mixture of chemicals that gen-
erates CARBON DIOXIDE in dough, both in the mixing
bowl and in the oven and without the intervention
of yeast. Bubbles of carbon dioxide create pockets in
the dough that make leavened bread and baked
goods lighter. Baking powders typically contain
three types of ingredients to maximize their effec-
tiveness: sodium bicarbonate, an acidic chemical,
and an anticaking agent like CORNSTARCH or calcium
silicate to prevent caking in high humidity. In the
presence of water, the acidic ingredient reacts with
the basic salt, sodium bicarbonate, to generate car-
bon dioxide bubbles. Sodium bicarbonate is consid-
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ered a safe food additive. Baking powder (and bak-
ing soda) contribute approximately 25 percent of
the typical American’s sODIUM consumption, and
typical dietary guidelines recommend cutting back
on sodium to minimize the risk of high blood pres-
sure in susceptible people.

Three types of baking powders are available that
are classed according to their acidic ingredients. Tar-
trate baking powders contain sodium or calcium tar-
trate. These acidic salts reach quickly, and doughs
containing them cannot be stored. Phosphate bak-
ing powders contain calcium acid phosphate, which
can react in cold dough as well as releasing carbon
dioxide during baking. Sodium pyrophosphate is
sometimes added as an acidic ingredient. Studies
suggest that pyrophosphate may harm fetal animals.
Pregnant women may wish to avoid this particular
food additive. Double-acting baking powders, desig-
nated (SAS), incorporate sodium ALUMINUM phos-
phate (or sulfate) and calcium acid phosphate. They
generate carbon dioxide in cold dough, but they are
most active when they contact the heated oven. A
serving of cake prepared with these baking powders
can contain 5 to 15 mg of aluminum. Aluminum
was once thought to be a safe food additive, but its
safety has been questioned because it has been
shown to accumulate in the brains of senile patients.
(See also ALZHEIMER’S DISEASE.)

baking soda (bicarbonate of soda, sodium bicar-
bonate) A common leavening agent used in
baked goods. Baking soda can be used in place of
baking powder when an acidic ingredient is also
added. Sour milk, molasses, or CREAM OF TARTAR are
sufficiently acidic to make dough and batter rise.
The chemical reaction is the same as that occurring
when baking powders are used, although baking
soda produces more tender, lighter baked goods.
Because bread and baked goods are a large part of
the American diet, baking powder and baking soda
are major dietary sources of sopium: They con-
tribute one-quarter of the average person’s sodium
intake. Excessive sodium intake increases the risk
of high blood pressure in susceptible people. To test
the effectiveness of any baking powder, mix a tea-
spoon of baking powder with a half teaspoon of hot
water. A fully active powder will bubble vigorously.
Baking soda is classified as a safe food additive. (See
also BAKER'S YEAST.)

balanced diet A diet that supplies all essential
nutrients in the appropriate amounts for optional
health throughout the life span. Food should pro-
vide VITAMINS, MINERALS, PROTEIN, CARBOHYDRATE,
FAT, OILS, and FIBER to meet individual needs. The
CALORIES consumed should match the amount used
in order to stabilize body weight.

Variety characterizes a balanced diet, which
emphasizes fresh, minimally processed, or whole
foods. Exchange lists, which can be found in some
nutrition books, simplify making healthful food
choices by supplying a variety of options; for exam-
ple, among different protein sources. While not
specifically a low-fat, low-CHOLESTEROL diet, a bal-
anced diet tends to have less saturated fat, refined
carbohydrate and cholesterol. Diseases like CANCER,
HYPERTENSION, OSTEOPOROSIS, diabetes, and CARDIO-
VASCULAR DISEASE have reached epidemic propor-
tions and are linked to unbalanced diets. A
balanced diet definitely plays a role in preventing
these and other chronic diseases.

Those who rely on PROCESSED FOOD, high in fat,
sugar, salt, and other FOOD ADDITIVES, run the risk
of an unbalanced diet. Consumption of such foods
increases the need for other foods in the diet that
are nutrient dense. However, the temptation is to
eat more of the same processed foods, which may
also be less nutritious because of the way they were
grown, stored, or processed. People who skip meals
without replacing them with nutritious snacks, and
who choose a weight loss diet, consuming less than
1,500 calories per day, are likely to have inade-
quate diets. Individuals at an increased risk include
low-income, pregnant, or lactating women; low-
income children and teenagers; elderly persons eat-
ing alone; and strict VEGETARIANS, who may not
consume enough needed nutrients. Pollution and
job-related chemical hazards may increase nutrient
needs beyond those supplied by the usual diet.
Limiting food choices because of income or strict
religious or philosophical preference requires plan-
ning to assure adequate consumption of all essen-
tial nutrients.

Replacing EMPTY CALORIES and sugary foods with
more nutritious options represents a major chal-
lenge in achieving a balanced diet. Variety simplifies
the task. Vegetables supply low-fat energy in the
form of starch, vitamins, beta-carotene, minerals,
and fiber. Dark green leafy vegetables include
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CHARD, KALE, and COLLARD, in addition to spinach.
The cabbage family encompasses BROCCOLI, BRUSSELS
SPROUTS, CAULIFLOWER, and Chinese cabbage. Winter
SQUASH, summer squash, and YAMS represent yel-
low-colored vegetables. Whole grains are also
important: WHEAT, CORN, MILLET, RICE, TRITICALE, RYE,
and BUCKWHEAT for starch and minerals, vitamins,
and fiber. LEGUMES supply fiber and protein: beans
and peas, CHICKPEAS, lima beans, and LENTILS. A bal-
anced diet includes low-fat dairy products: low-fat
CHEESE, low-fat or skim MILK, YOGURT, KEFIR, and
EGGS for protein and cALciuM. Nuts and seeds pro-
vide plant oils: ALMONDS and SUNFLOWER and PUMP-
KIN seeds. Lean MEATS, POULTRY, FISH, and SHELLFISH
provide trace minerals, vitamins, and AMINO ACIDS. A
variety of fruits supply VITAMIN C, POTASSIUM, and
fiber. (See also DIETARY GUIDELINES FOR AMERICANS.)

balm (Melissa officinalis; lemon balm, garden
balm, balm mint) A lemon-scented herb native to
Europe. Lemon balm is a perennial growing up to
two feet in height with broad, dark green leaves. Its
pale yellow flowers grow in clusters. Leaves and
sprigs contribute a subtle lemon flavor to beverages
(teas and lemonade), as well as to stuffings, sauces,
fish, white meat dishes, soups, and salad dressing.

bamboo shoot (Arundinaria, Bambusa, Dendro-
calamus) The young, tender, sprouting stems of
several types of bamboo that are used in Asian
cooking. This plant grows in tropical Asia. Edible
shoots are white and conical in shape, averaging 25
inches in diameter and 4 inches in length. They are
peeled and sliced into strips before cooking. Boiling
bamboo shoots removes a toxin (hydrocyanic
acid). Canned bamboo shoots are precooked. Pre-
cooked bamboo shoots are used in soups, stir fries,
and hors d’oeuvres and can accompany MEAT and
FISH. Salted, dried shoots are used as a seasoning. In
Japan, bamboo shoots are a spring vegetable. The
shoots have a high water content. Canned bamboo
shoots (1 cup, 131 g) provide 25 calories; protein,
2.3 g; carbohydrate, 4.2 g; fiber, 3.3 g; iron, 0.42
mg; with traces of vitamins, minerals, and fat.

banana (Musa paradisiaca) A seedless fruit of the
banana tree, the most popular fruit in the United
States. Their popularity is based on the fact that

bananas have a pleasant taste, are inexpensive, are
easily chewed and are available year-round. The
banana originated in India and is now cultivated in
many tropical regions. The banana tree resembles a
palm. Although there are many varieties of
bananas, they fall into two major groups: Fruit
bananas are eaten raw and occasionally cooked;
plantains are cooked as vegetables. Yellow bananas
are the most common variety sold in the United
States. These bananas are harvested green to avoid
damaged, overripe fruit at the market. Green
bananas will ripen at room temperature in a few
days, and ripened fruit (solid yellow flecked with
brown spots) can be refrigerated to prevent further
ripening. Refrigeration darkens the skin but does
not affect the flavor. Overripe bananas are used in
breads, muffins, and other baked goods. Bananas
are a rich source of potassium. A single eight-inch
banana (114 g) provides 105 calories; protein, 1.2
g; carbohydrate, 26.7 g; fiber, 3.3 g; iron 0.35 mg;
potassium, 451 mg; thiamin, 0.05 mg; riboflavin,
0.11 mg; niacin, 0.81 mg.

barbecued meat/charcoal broiled meat MEeaT
that is cooked over a gas, electric, or charcoal grill.
Cooking over charcoal is an ancient form of cook-
ing, and most foods, including meat, FisH, and
POULTRY, can be cooked on a grill. Foods acquire a
distinctive flavor when grilled. Some meats are bet-
ter flavored if they have been marinated before-
hand. Vegetables like corn, potatoes, peppers, and
mushrooms can be wrapped in aluminum foil and
cooked on a grill. Barbecued food can be BASTED or
served with any of a variety of traditional sauces.
To prevent food poisoning, meat and poultry
should be defrosted in the refrigerator. Leftover
marinade should be discarded. Cooked food should
never be put back on a plate that held raw food.
Likewise, all surfaces and utensils touched by raw
foods should be washed thoroughly with soap and
hot water.

Barbecuing meat allows fat to drip on hot coals
or hot metal, which forms CANCER-causing agents
(BENZOPYRENES). These vaporize, adhere to soot,
and deposit on the surface of the meat. To lessen
the production of carcinogens, meat should be
trimmed of all visible fat before cooking. Other
methods to reduce fat drippings include wrapping
meat in foil, placing foil under meat as it cooks,
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precooking meat to shorten grilling time, marinat-
ing meats before grilling, and cooking meat slowly
at low temperatures.

barbiturates See ALCOHOL-DRUG INTERACTIONS.

barley (Hordeum) A CEREAL GRAIN, related to
WHEAT and other grasses. Archaeological evidence
suggests that barley was the earliest cultivated
grain. Several varieties of barley are grown; the
inedible husk must be removed from all of them.
Whole kernels are available as scotch barley. Pearl
barley is polished; that is, it is milled until it resem-
bles small pearls. Pearl barley contains fewer nutri-
ents; its COMPLEX CARBOHYDRATE content is high, its
PROTEIN content moderate, and it is used primarily
in soups, stews, and broths. Because it contains lit-
tle gluten, the sticky protein prevalent in wheat
flour, barley is not a chief ingredient of bread. Its
major commercial use is as a malting agent in BEER,
ale, and whiskey manufacture.

Barley is a good source of beta glucan, a water-
soluble form of fiber. Several studies suggest that
barley can lower cholesterol levels as much as 15
percent in individuals who have very high choles-
terol levels; the viscous fiber seems to retard fat and
cholesterol absorption by the intestine. The fiber
tends to bind bile salts, thus increasing cholesterol
removal from the body, and fat soluble substances,
tocotrienols, appear to suppress cholesterol synthe-
sis by the liver. Pearl barley (raw) supplies 349
calories per half cup (100 g); protein, 8.2 g; carbo-
hydrate, 79 g; fiber, 8.2 g; fat, 1 g; iron, 4.2 mg;
potassium, 160 mg; zinc, 2.23 mg; thiamin, 0.14
mg; riboflavin, 0.05 mg; niacin, 4.0 mg.

barley malt A natural sweetener derived from
germinated barley. Barley malt tastes like black-
strap MOLASSES, which it can replace in a recipe. In
the process of preparing barley malt, the grain is
first sprouted. The sprouted barley supplies
ENZYMES that then break down barley starch to the
sugar, maltose. Although this sweetener contains a
little THIAMIN (9 percent of the RECOMMENDED
DIETARY ALLOWANCE per tablespoon) and lesser
amounts of other B COMPLEX, it represents a refined
CARBOHYDRATE, classified as EMPTY CALORIES
because it contains little else.

basal energy expenditure (BEE) The increased
energy requirements of patients recovering from
disease or injury. In practice, BEE represents an
estimate of the CALORIES needed to sustain physio-
logic functions while a patient is at rest. BEE is
measured without intervening emotional stress or
physical exertion, at least an hour preceding the
measurement, and at a comfortable temperature
several hours after a meal. The goal of recovering
from illness, injury or surgery is to provide enough
calories to meet energy needs and to maintain body
weight and optimal metabolic function. In addition
to BEE, a set of factors is used to predict the caloric
needs required for healing various degrees of
injury. An activity factor of 1.2 (for bedridden
patients) or 1.3 (for ambulatory patients) is multi-
plied by injury factors: 1.2 for minor surgery, 1.35
for trauma, 1.6 for severe infection (sepsis), 2.1 for
burns. Patients with burns have the longest period
of increased energy needs.

basal metabolic rate (BMR) The energy ex-
pended to maintain the body at rest. The BMR is
measured in the morning for an awake, resting
individual 12 to 18 hours after the last meal. Oxy-
gen consumption (in liters of oxygen) for a defined
interval is multiplied by 4.8 calories per liter of oxy-
gen to yield the BMR, the heat produced during the
timed interval. In practice, it is easier to measure the
resting metabolic rate (RMR), measured either sit-
ting or lying down, in a comfortable environment
several hours after a meal or significant physical
activity. RMR does not require an overnight fast and
is nearly equal to BMR. Normally this ranges from
1,200 to 1,800 CALORIES per day. The BMR repre-
sents a considerable energy expenditure, account-
ing for 60 percent to 75 percent of the calories. This
energy is used for normal functions of the body,
such as glandular secretions and maintenance of
cellular metabolism, as well as activation of the
autonomic nervous system, which maintains heart-
beat, breathing and other involuntary activity.
Many factors influence an individual’s metabolic
rate: diet history; degree of activity of the sympa-
thetic nervous system; physical and emotional
stress; body temperature; menstrual cycle; sleep;
adaptation to altitude; occupation; race; and even
the season of the year. Differences in metabolic
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rates due to differences in body size, sex, or age
largely disappear if the data are related to fat-free
body mass. The decrease in basal metabolic rate
observed with aging is primarily due to decreased
lean body mass. A genetic component also con-
tributes to the differences in BMR among individu-
als. BMR is partially controlled by the THYROID
GLAND; thus low thyroid activity may promote
weight gain. BMR decreases with illness, FASTING,
and even stringent DIETING. This decrease is a tem-
porary adaptation of the body to semi-STARVATION
and accounts for the frequently observed decrease
in the rate of weight loss a week into a dieting pro-
gram. Recent studies indicate that after dieting,
BMR rises to a new level that it is appropriate for
the new body weight.

Physical conditioning is another factor. Calories
are burned more rapidly after exercising than not.
The duration and intensity of aerobic exercise
needed to secure this benefit is an important ques-
tion still being studied. If the individual is seden-
tary, moderate exercise seems to cause a 10 percent
increase in basal metabolism for several hours. A
moderately active individual needs to do aerobic
exercise such as swimming, aerobic dancing, or
jogging a total of six hours per week to increase the
metabolic rate for several days afterward. In addi-
tion, exercise increases muscle mass, which burns
more calories than fat does.

Nicotine seems to boost metabolic rates in pro-
portion to the level of physical activity. This may be
a reason why smokers often tend to weigh less
than non-smokers, and why smokers tend to gain
weight when they stop smoking. (See also DIET-
INDUCED THERMOGENESIS.)

Felber, J. P, and A. Golay. “Regulation of Nutrient
Metabolism and Energy Expenditure,” Metabolism 44,
no. 2, supp. 2 (February 1995): 4-9.

base A substance that can accept hydrogen ions
(protons) and thus neutralize Acips. When added
to water, bases raise the pH (the degree of a mea-
sure of acidity; a pH greater than 7.0 is considered
to be basic). Typical mineral bases, such as sodium
hydroxide (lye) and potassium hydroxide are caus-
tic; they can cause severe burns and are classified as
strong bases. Weak bases are much more common
in foods and in the body. Ammonia and bicarbon-

ate occur in the blood and body fluids and in other
nitrogen-containing compounds. A very important
weak base is BICARBONATE, which, in the blood and
digestive juices, neutralizes acids, thereby increas-
ing the pH. Bicarbonate plays an important role in
buffering the blood. (See also BUFFER.)

basic food groups A simple guide for making
food selections designed to help consumers plan a
BALANCED DIET which has now been superseded by
the FOOD GUIDE PYRAMID. This guideline emphasizes
MEAT and dairy products to avoid undernutrition. It
advises eating two servings of meat selections daily,
two of MILK and dairy products, four of VEGETABLES
and rruits, and four of GRAINS. There are several
disadvantages. The Basic Four Food Group guide-
lines lack serving sizes and provide only the mini-
mum numbers of servings. Overnutrition and
nutritional imbalances are possible because they
emphasize a diet high in animal FAT and lacking in
FIBER. On the other hand, a diet with moderate
quantities of low-fat dairy products, lean meat,
poultry, and fish can easily meet the needs for
CALORIES, and minerals like IRON and cALCIUM. (See
also DIETARY GUIDELINES FOR AMERICANS.)

SUMMARY OF THE BASIC FOUR FOOD GROUPS

Food Group Main Nutrient Contributions

Meat and Protein, iron, riboflavin, zinc, vitamin
meat alternatives B,, thiamin

Milk and Calcium, protein, riboflavin, zinc,
milk products vitamin By, thiamin

Fruits and Vitamin A, vitamin C, thiamin,
vegetables additional iron and riboflavin,

fiber, folic acid

Additional amounts of niacin,
iron, thiamin, zinc in whole
grains; fiber

Grains (bread
and cereal
products)

basil (Ocimum basilicum) A pungent herb; a
member of the mint family. Its name is derived from
the Greek basilikos, meaning “royal,” because once
the king alone was allowed to harvest it.
Each variety of basil differs in height, color of foliage,
and taste. Of the six common varieties of basil, sweet
basil and dwarf basil are most popular in the United
States. Basil can be used fresh or dried as a season-
ing in seafoods, salads, potatoes, soups, and espe-
cially tomato-based dishes, and it is used extensively
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in Italian and Provencal cooking. In folk medicine,
basil has been used to remedy flatulence.

bass (Micropterus) Refers to a number of differ-
ent saltwater and freshwater species of spiny-rayed
FISH. Bass is shaped like saLMoN, but the flesh is
white. Both freshwater and saltwater varieties
occur in North America. Freshwater game fish vari-
eties include white or silver bass and yellow bass.
Saltwater varieties, like sea bass and striped bass,
are among the best known. Striped bass caught in
polluted offshore waters can be contaminated with
industrial pollutants. Fish farms are a major source
of bass. The flesh has a delicate flavor and is served
poached, braised, or grilled. In order to keep the
flesh intact during poaching, the scales are not
removed.

basting Spooning or brushing sauces, cooking
juices, or melted BUTTER over meat several times
during cooking. This procedure keeps meat, partic-
ularly leaner cuts, moist during roasting or broiling.
Basting brushes or a bulb-type baster simplify the
operation. Roast turkey and meat cooked on a
rotisserie are usually basted with fatty drippings or
with butter to prevent them from drying out. If
basting is performed with stocks or water, the
resulting excess steam helps keep the meat moist.
Prime cuts of meat contain so much fat that basting
isn’t necessary.

bay (Laurus nobilis) An evergreen shrub widely
cultivated for its broad, aromatic leaves. The shrub
is a species of laurel (bay laurel, true laurel). The
edible bay should not be confused with the garden
cherry laurel, Prunus laurocerasus, which is poiso-
nous. Bay leaves are one of the most popular culi-
nary herbs in North America. They can be obtained
as dried leaves or in powdered form. Stews, soup
stocks, marinades, and ragouts incorporate this
versatile seasoning. Because it is so pungent, small
amounts are recommended. Bay leaf, together
with parsley, thyme, cloves, and celery are bound
together as bouquet garni to flavor soups or stocks.

B complex (B vitamins) A group of eight water-
soluble VITAMINS, required in very small amounts to

convert FAT, PROTEIN and CARBOHYDRATE tO ENERGY.
The B complex is not stored in the body, unlike fat-
soluble vitamins, and adequate amounts must be
supplied daily.

The name originated from early nutritional
research, when growth factors for organisms were
designated as B, B,, etc. As they were isolated and
characterized chemically, each was found to serve
as a parent of a specific enzyme helper (coenzyme):
THIAMIN (vitamin B;) forms thiamin pyrophos-
phate; NIACIN (vitamin Bs) forms NAD; RIBOFLAVIN
(vitamin B,) forms FAD; PANTOTHENIC ACID (vita-
min Bs) forms COENZYME A; VITAMIN B, forms
pyridoxal phosphate; VITAMIN B,, forms methyl-
cobalamin; FOLIC AcCID forms tetrahydrofolate; and
biotin yields biocytin.

The amounts of vitamins required daily are
quite low. Consider the REFERENCE DAILY INTAKE
(RDI): folic acid, 400 mcg; niacin, 20 mg;
riboflavin, 1.7 mg; thiamin, 1.4 mg; vitamin B, 2
mg; vitamin B;,, 6 mcg; biotin, 300 mcg; pan-
tothenic acid, 10 mg. These amounts are so small
that together they would weigh no more than a
metal staple. Vitamins of the B complex work most
effectively when all are present in the appropriate
ratios. Common multivitamin supplements may
not balance B complex vitamins when they provide
small amounts of some B vitamins and large
amounts of others.

On average, men require more of the B complex
than women because their larger bodies need more
nutrients. The daily requirement of thiamin
increases as more food is eaten; drinking alcoholic
beverages and eating SUGAR tend to deplete the
LIVER’s B vitamin supply. Populations with the
greatest risk for B vitamin deficiency include those
on weight-loss programs and who skip meals,
infants and children, the elderly, and pregnant
teenage girls. The daily intake of nutrients such as
folic acid is frequently inadequate in diets relying
on highly processed convenience foods. Junk foods
with an excess of calories or fat and with refined
carbohydrates (white flour and sugar) displace
whole, minimally processed foods that are more
nutritious and contain fewer calories.

As many as 30 percent of people over the age of
65 may not consume vitamin B, vitamin B, ,, and
folic acid in amounts adequate to prevent strokes
and heart attacks, due to a buildup of a potentially
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harmful amino acid by-product called HOMOCYS-
TEINE. When homocysteine accumulates in the
blood, there is an increased risk of damage to arter-
ies. Only by consuming 400 micrograms of folic
acid a day, twice the level specified by the RECOM-
MENDED DIETARY ALLOWANCES (RDA), do levels of
homocysteine decline.

The richest sources of the B complex are organ
meats such as liver and kidney. Low-fat options for
folic acid include cooked lentils, chickpeas, kidney
beans, and spinach; for thiamin, BREWER’S YEAST,
extra-lean meat, wheat germ, enriched BREAKFAST
CEREALS; for riboflavin, low-fat milk and other low-
fat dairy products and enriched cereals; for niacin
and vitamin B,,, fish, lean meat, poultry, and
enriched cereals.

A diet that supplies adequate amounts of vita-
mins and minerals alone does not guarantee that a
vitamin deficiency will not occur. There are several
reasons for this. Foods must first be digested (bro-
ken down to amino acids, vitamins, sugars, fatty
acids, and so on) in order to release individual
nutrients, and DIGESTION may be incomplete if the
production of STOMACH ACID or of DIGESTIVE
ENZYMES is low. Second, the products of digestion
must be absorbed by the small intestine to be of
any benefit. An unhealthy intestine will be able to
absorb individual nutrients effectively. (See also
CARBOHYDRATE METABOLISM; CATABOLISM; MALAB-
SORPTION; MALNUTRITION. )

“B Makes the Grade,” Consumer Reports on Health 7, no. 6
(June 1995): 61-63.

beach plum (Prunus maritama) A member of the
prune family that grows wild in North America.
When ripe, the small fruit is dark purple with a
tough skin. The flavor combines plum with cherry
and grape flavors; its sour flavor usually limits its
use to jams and jellies.

bean curd A highly nutritious source of plant
PROTEIN, prepared from SOYBEANS. To prepare bean
curd, soybeans are homogenized and the soy pro-
tein is coagulated by treatment with calcium sulfate
or nigari, a mineral-rich liquid remaining after salt
extraction of sea water. The precipitated protein is
pressed into blocks for a low-fat, low-calorie alter-
native to meat. (See also TOFU.)

beans (Phaseolus) Seeds of trailing vines, as well
as bushy plants belonging to the legume family.
Beans can be divided into two groups: One yields
edible pods, picked at an immature stage; another
yields only edible seeds. In the former group are
snap beans, yellow wax, and green beans. Bush
varieties grow as short plants and pods at the same
time. Pole beans grow like vines. Each stem grows a
single pod, and pods mature at different times. They
supply BETA-CAROTENE, FIBER, and some minerals,
including 1IRON. Canned green beans contain a high
level of soptuMm—340 mg per cup of drained beans
as compared to 3 mg from raw beans. Green beans
(one cup cooked, 125 g) provide 44 calories; pro-
tein, 2.4 mg; fat 0.4 mg; carbohydrate, 9.9 g; fiber,
3.1 g; calcium, 58 mg; iron, 1.6 mg; vitamin A, 583
retinol equivalents; thiamin, 0.09 mg; riboflavin,
0.12 mg; niacin, 0.77 mg; vitamin C, 12 mg.

Dried beans include navy, pinto, lima, kidney
(red), and fava (or broad) bean. Dried beans are
excellent PROTEIN sources; one cup of cooked beans
supplies between 12 and 25 g of protein (25 per-
cent to 50 percent of the RECOMMENDED DIETARY
ALLOWANCE [RDA]). Shell beans are harvested
halfway in their maturation to dried beans. They
include SOYBEANS, BROAD (fava) BEANS, and lima
beans.

Shell beans can be used interchangeably with
dried beans in recipes. Bean protein, like most plant
protein, is deficient in at least one essential amino
acid. However, this “incomplete” protein is readily
balanced by eating beans with whole grains, nuts,
or small amounts of fish, poultry, meat, or dairy
products. Dried beans contain STARCH, MINERALS
(POTASSIUM, MAGNESIUM, iron, and calcium), and lit-
tle fat. Dried beans are also excellent sources of
fiber. For example, a cup of cooked pinto beans sup-
plies 18.9 g fiber. One cup of cooked lima beans
(190 g) provides 260 calories; protein, 16.1 g; car-
bohydrate, 49 g; fiber, 9.7 g; calcium, 55 mg; iron,
5.9 mg; potassium, 116.3 mg; thiamin, 0.25 mg;
riboflavin, 0.11 mg; niacin, 1.34 mg. Navy beans
(one cup cooked, 190 g) contain 225 calories; pro-
tein 15 g; carbohydrate 40.1 g; fiber, 16.5 g; and cal-
cium 95 mg.

FLATULENCE after eating cooked dried beans is a
common experience. The culprits in gas-producing
foods are a family of carbohydrate (raffinose,
stachyose, and verbascose) that cannot be digested
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but are broken down by gut bacteria that release
excessive gas. This problem is reduced by soaking
beans in water for several hours and discarding the
water after soaking. Beans are then boiled in water,
which is again discarded, rather than incorporated
into soup or chili. Over-the-counter preparations of
an enzyme (alpha galactosidase) that can degrade
these sugars are now available. (See also COMPLETE
PROTEIN; FOOD COMPLEMENTING.)

Guste, Roy E. The Bean Book. New York: Norton, 2000.

beef The flesh of steers, cows, and heifers repre-
senting the ruminant family, Bovidae. The Aber-
deen, Angus, Brahma, Hereford, Santa Gertrudis,
and Shorthorn represent typical breeds raised in
North America for MEAT. Although beef consump-
tion has declined significantly during the last two
decades, beef is still America’s most popular meat.
The indirect costs of this preference are high,
because the production of one pound of beef
requires an estimated five pounds of GRAIN, and the
energy equivalent of a gallon of gasoline.

Beef is an excellent source of PROTEIN, VITAMINS,
and MINERALS (except calcium). On the other hand,
beef is rather high in saturated fat. The high con-
sumption of animal fat correlates with increased
blood cholesterol and increased risk of heart dis-
ease and cancer. Traditionally, cattle were bred for
a high degree of “marbled” meat, heavily laden
with fat, and the animals were fattened in feed lots
before slaughter. Due to the recent consumer
demand for leaner meat, there is a trend toward
producing leaner animals. A three-ounce (85 g)
serving of round roast, which is about the size of a
deck of cards, contains: calories, 205; protein, 23 g;
fat, 12 g; cholesterol, 62 mg; calcium, 5 mg; iron,
1.6 mg; zinc, 4.7 mg; thiamin, 0.07 mg; riboflavin,
0.14 mg; niacin, 3 mg. Choice grades of several cuts
of beef (cooked) provide the following calories per
three-ounce serving: chuck roast (18 percent fat) =
257; rib roast (36 percent fat) = 400; sirloin steak
(27 percent fat) = 240; canned corned beef (10g
fat) = 185; trimmed round roast (8 g fat) = 175.

Beef as HAMBURGER is the most commonly eaten
meat in the United States and is a major contribu-
tor of saturated fat to the standard American diet.
A three-ounce serving of hamburger contains 18 g
fat (21 percent fat). “Lean ground beef” is a desig-

nation that does not need to meet USDA standards.
Therefore, the fat content can range from 20 per-
cent to 30 percent. The average fat in “lean ground
beef” is 21 percent. In contrast, meat labeled by the
U.S. Department of Agriculture (USDA) as “lean
meat” contains no more than 17 percent fat by
weight, while “extra lean ground beet” contains 10
percent fat by weight. Supermarket brands of low-
fat beef are designated as “light select” or “select”
grades of beef and range from 5 percent to 15 per-
cent fat.

Beef often contains chemical residues, such as
growth promoters, ANTIBIOTICS like sulfa drugs, ani-
mal drugs, and pesticides. The health effects of low-
level exposure to such compounds are unknown.
Some of these residues are potential cancer-causing
agents. In 1989 the European Community banned
beef raised with growth hormones. Hormone-free
beef is now commercially available in many areas
of the United States. (See also FOOD LABELING;
GRADED FOODS; MEAT CONTAMINANTS; BOVINE SPONGI-
FORM ENCEPHALOPATHY.)

beef tallow A hard raT, high in saturated fatty
acids and cHOLESTEROL, which is rendered from
trimmed meat (usually beef). Rendering is the
process of melting fat out of fatty tissue, then fil-
tering and purifying the melted fat. Tallow is more
saturated than pork fat (lard) and chicken fat.

Tallow is often used in fast-food restaurants to
cook FRENCH FRIES because consumers seem to pre-
fer the flavor of potatoes fried in animal fat. The
practical advantages of beef tallow are that it is rel-
atively inexpensive and it does not break down at
the high temperatures needed for frying. However,
the cholesterol becomes oxidized with prolonged
heating at high temperatures, and oxidized choles-
terol is known to be a factor in the buildup of
plaque in arteries. Beef tallow finds other commer-
cial uses, including the manufacture of candles and
soap.

bee pollen The fertilizing element from flower-
ing plants that is collected by bees and available as
a food supplement. The composition of nutrients in
bee pollen resembles that of legumes with varying
amounts of B COMPLEX, such as thiamin, riboflavin,
niacin, folic acid and pantothenic acid, PROTEIN, and
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MINERALS. By weight it contains 50 percent CARBO-
HYDRATE and 25 percent protein. Bee pollen con-
tains FLAVONOIDS, a type of plant pigment that helps
normalize inflammation.

Bee pollen is widely marketed in health food
stores as an aid in weight management and as an
“energizer.” There are no clinical studies that indi-
cate bee pollen energizes the body, regulates
weight, tones the skin, or protects against heart dis-
ease. The official position of the American Dietetic
Association is that such claimed ENERGY-boosting
supplements (“ergoneic”) are ineffective. Those
who are sensitive to pollen may have an allergic
reaction to bee pollen. (See also ROYAL JELLY.)

beer An alcoholic carbonated beverage that is a
product of FERMENTATION of grains such as WHEAT,
MILLET, and BARLEY. U.S. breweries ferment barley,
CORN, or RYE together with hops, with cultured
yeast strains to provide the alcoholic content, car-
bonation, and characteristic flavor of this beverage.
Lager beer, the most popular American beer, is
aged to mellow its flavor. The ALcOHOL (ethanol)
content is typically 3.2 percent.

Beer is the oldest known alcoholic beverage and
has the highest consumption of any alcoholic bev-
erage worldwide. Hops were cultivated in the
1200s by monasteries in Germany for use in brew-
ing. Brewing beer follows well-defined steps. In
order for the starch in cereal grains to ferment, the
grains are first processed. In malting, grain is
soaked long enough to initiate germination, then is
kiln-dried. The color of beer is related to the extent
to which malt is heated. The malt is next ground
and the pigment, betalaine, mixed in hot water.
Enzymatic degradation produces fermentable sug-
ars from the starch. The insoluble material is sepa-
rated and the resulting fermentable extract is called
wort. Flowers of hops are added to the headed
wort, then yeast is added after cooling. Most lager
beer production far exceeds that of ale. Lager fer-
mentation usually lasts seven days, to give a beer
flavored by hops and malt. Ale fermentation is typ-
ically carried out for three days at a higher temper-
ature. Directly fermenting roasted grains yields
more strongly flavored (stout) ale.

Omne serving of regular beer (12 oz.) provides
116 calories (primarily alcohol), protein, 0.9 g; cal-
cium, 18 mg; iron, 0.11 mg; niacin, 1.6 mg; and

low levels of other B complex vitamins, indicative
of its low nutrient density.

“Nonalcoholic” beers are not strictly alcohol-free
because they may contain 0.5 percent alcohol.
With less alcohol, non-alcoholic beverages contain
fewer calories than their alcoholic counterparts.
However, beer with 2.5 percent alcohol can still be
called “low alcohol” beer because it contains less
alcohol than the usual 3.2 percent alcohol. (See
also ALCOHOLISM; BREWER’S YEAST; WINE.)

beet (Beta vulgaris, garden beet) A red root veg-
etable related to CHARD. Beets may be cultivated for
their tops in addition to their roots. Common vari-
eties include Crosby’s Egyptian, Ruby Queen, and
Detroit Dark Red. Red beetroot is a food coloring
agent. Beets in general have the highest sugar con-
tent of all other vegetables. White-rooted sugar
beets are a major source of domestic sugar (su-
CROSE). Cooked, fresh red beets are a source of a
red pigment, betalaine, a type of FLAvONOID, which
is a class of plant products that have beneficial
effects on the immune system, connective tissue,
and cellular metabolism. One half cup (cooked, 85
g) provides 26 calories; protein, 0.9 g; carbohy-
drate, 5.7 g; fiber, 1.96 g; iron, 0.53 g; potassium,
266 mg; niacin, 0.23 mg; and low levels of VITAMIN
¢ and B COMPLEX vitamins. Beet greens are an ex-
cellent source of fiber, beta-carotene, calcium, and
iron. Cooked beet greens (one cup, 144 g) provide
40 calories; protein, 3.7 g; carbohydrate, 7.9 g; fiber,
3.0 g; calcium, 165 mg; iron, 2.74 mg; potassium,
1,308 mg; zinc, 0.72 mg; vitamin A, 734 retinol
equivalents; vitamin C, 36 mg; thiamin, 0.17 mg;
riboflavin, 0.42 mg; niacin, 0.72 mg.

behavior See FOOD AND THE NERVOUS SYSTEM.

behavior modification  Considered a key to the
successful treatment of EATING DISORDERS, OBESITY,
and ADDICTIONS, this form of therapeutic interven-
tion relies on the premise that eating behavior is
learned and that undesirable eating practices can
be unlearned. Strategies to change behavior per-
manently include specifying a written commitment
to achieving a goal, rewards for accomplishments,
exercises to assist building self-esteem, support
groups, changes in the availability of certain foods,
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changes in the location in which meals are eaten,
changes in the social environment, and increased
physical activity. A major concern with many
weight management programs is that fat can be lost
without adequate commitment and training that
are necessary to assure eating patterns are changed
permanently. (See also DIETING.)

benomyl A post-harvest FUNGICIDE that reduces
fruit spoilage by killing MOLDS and fungi. BANANAS,
APRICOTS, PEACHES, CHERRIES, PEARS, PLUMS, and
PINEAPPLES are among the commonly treated fruits.
Benomyl has been linked to cancer and birth
defects in experimental animals.

benzopyrene (benzo(a)pyrene) A multiringed
organic compound related to benzene. Benzopy-
rene is classified as a polycyclic aromatic hydrocar-
bon, a member of a family of compounds that are
potential mutagens (mutation-producing agents)
and CARCINOGENS (CANCER-causing agents). The
liver converts ingested benzopyrene to highly reac-
tive intermediates (epoxides) that can attack the
DNA in cells.

Traces of benzopyrenes occur in soil as the result
of microbial activity. Plants can synthesize this
hydrocarbon and may contain up to 10 mcg per kg
of dry weight. However, far greater exposure comes
from the incomplete burning (pyrolysis) of oil, fat,
and organic material from cooking, cigarettes, ex-
haust from industrial combustion and automobiles,
and home heating. BARBECUED MEAT contains ben-
zopyrenes due to the FAT dripping on charcoal or
heating elements. MEAT cooked in frying pans, grid-
dles, or over open flames generates benzopyrenes.
Benzopyrenes contaminate soot, which is deposited
on meats on overlying grills.

benzoyl peroxide A bleach that is used to
whiten FLOUR without necessarily aging it. Used at
a level of 50 ppm (parts per million) with a mix-
ture of aging agents, benzoyl peroxide bleaches
most flours within 24 hours. However, along
with destroying pigments, the peroxide destroys
the vitamins in flour. The trade-off in producing
white flour that makes excellent dough is de-
creased nutritional value. The breakdown product
of benzoyl peroxide is benzoic acid, which re-

mains in flour. This additive is classified as a FOOD
ADDITIVE.

beriberi A condition, caused by chronic THIAMIN
(vitamin B,) deficiency, that affects peripheral
nerves, the brain, and the cardiovascular system.
Early symptoms of thiamin deficiency include
FATIGUE, irritability, poor memory, anorexia, and
sleep disturbances; with severe deficiencies, paraly-
sis of limbs, cardiovascular abnormalities, and
edema appear. Beriberi rarely occurs in North
America because wheat products and flour are
enriched with thiamin. It is more common in de-
veloping nations among populations subsisting on
polished rice from which much of the vitamins and
minerals have been removed. (See also CARBOHY-
DRATE METABOLISM; ENRICHMENT; MALNUTRITION.)

beta blockers Drugs used to control high blood
pressure in salt-sensitive individuals, that may pre-
vent fatal HEART ATTACKS. Beta blockers limit high
blood pressure by preventing the kidneys from
releasing angiotensin, a hormone that increases
blood pressure. The drugs are also used to control
migraine headaches and to reduce angina.

There are several precautions to be observed
when using beta blockers. After years of use, they
may promote heart repair, but they also may dam-
age the kidneys. Beta blockers increase the risk of
severe allergy reactions in patients taking allergy
shots. Possible side effects include depression (in
patients with a history of depression or mood disor-
ders). FATIGUE, fuzzy thinking, impotence, mood
swings, increased blood CHOLESTEROL, and diabetes-
like symptoms. Use of alcoholic beverages while
taking this medication can be fatal because the com-
bination can cause a drastic drop in blood pressure.
(See also ALCOHOL-DRUG INTERACTION; ALLERGY;
IMMEDIATE; DIABETES MELLITUS; HYPERTENSION.)

beta-carotene (provitamin A) A yellow-orange
pigment that is converted to VITAMIN A in the body.
The yellow-orange coloring in fruit and vegetables
is mainly due to the presence of beta-carotene.
Commercially, beta-carotene is used as a safe FOOD
COLORING. Beta-carotene is the most plentiful of the
orange-yellow plant pigments (CAROTENOIDS) in
foods, and it has the highest vitamin A activity.
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Because of differences in uptake, storage, and
chemical processing, only about one-sixth of the
beta-carotene in a plant food ends up as vitamin A
(retinol) in the body. For this reason the vitamin A
content in plant foods is usually given as “retinol
equivalents,” that is, the amount of vitamin A that
could be derived from the carotene content. One
RE (retinol equivalent) is defined as 1 mcg of
(trans) retinol (vitamin A), 6 mcg of (trans) beta-
carotene, or 12 mcg of other carotenoids that can
be converted to vitamin A. The other way of
expressing the activity of carotenoids is in terms of
international units, or IU. One IU of vitamin A is
equivalent to 0.3 mcg and one IU of beta-carotene
is equivalent to 0.6 mcg of beta-carotene. Thus 1
mg of beta-carotene represents 1,667 IU. Beta-
carotene does not carry the risk of vitamin A poi-
soning because the body converts it to vitamin A
only as needed. Some manufacturers of multiple
vitamin supplements substitute beta-carotene for
vitamin A in their formulations to reduce the dan-
ger of vitamin A toxicity.

Beta-carotene has a number of other functions
that make it the most extensively investigated
carotenoid. It is a very important ANTIOXIDANT as it
can help prevent damage to tissues by FREE RADI-
caLs—extremely reactive, damaging forms of oxy-
gen and other chemicals. Beta-carotene helps boost
the IMMUNE SYSTEM, and it affects lipid metabolism
in important ways. It lowers LOW-DENSITY LIPOPRO-
TEIN (LDL), the undesirable form of cholesterol,
and raises HIGH-DENSITY LIPOPROTEIN (HDL), the
desirable form. The U.S. FDA has approved the use
of beta-carotene to treat a particular form of light
sensitivity in patients who have a metabolic defect
and overproduce pigments called porphyrins (ery-
thropoietic porphyrias).

In exploring the role of carotenes in preventive
health, attention has focused on the possibility of
using beta-carotene and vitamin A to reduce the
risk of HEART ATTACKS in men with coronary heart
disease and CANCER. Regarding heart disease, the
results of population studies have generally not
shown a reduction in the risk of coronary heart dis-
ease with increased consumption of beta-carotene.
Two studies found increased mortality in smokers
who took beta-carotene supplements. Populations
studies suggest that increased beta-carotene intake
reduces the risk of cancer, especially breast,

prostate, colon, and lung cancers. While many
studies indicate that dietary beta-carotene from
fruits and vegetables decreases the risk of lung can-
cer, two large studies—the Nurses Health Study
and the Health Professionals Follow Up Study—
reported lower lung cancer risk with increased con-
sumption of foods rich in lycopene, alpha-carotene,
and a variety of carotenoids, but not specifically
beta-carotene. Clinical trials have examined the
effects of beta-carotene supplementation on lung
cancer. Smokers who take beta-carotene can in-
crease their risk of lung cancer but nonsmokers do
not appear to be at higher risk. The three studies
include the Alpha Tocopherol, Beta-Carotene Can-
cer Prevention Trial (ATBC Trial), the Beta-
Carotene and Retinol Efficacy Trial (CARET), and
the Physicians’” Health Study.

The ATBC Trial was conducted by the National
Cancer Institute (NCI) in collaboration with the
National Public Health Institute of Finland. The
purpose of the study was to see if certain vitamin
supplements would prevent lung and other cancers
in a group of 29,133 male smokers in Finland. In
the study 50- to 69-year-old participants took a pill
containing either 50 mg of alpha tocopherol (a
form of vitamin E), 20 mg of beta-carotene, both,
or a placebo daily for five to eight years.

The CARET study is a large NCI-funded chemo-
prevention trial being conducted in six areas in the
United States to see if a combination of beta-
carotene and vitamin A supplements will prevent
lung and other cancers in men and women aged 50
to 69 who are smokers or former smokers, and
men aged 45 to 69 who have been exposed to
asbestos. The 18,314 participants stopped taking
the supplements before the completion of the trial.

The Physicians’ Health Study was a study of
22,071 U.S. male physicians, of whom 11 percent
smoked. The purpose of the study was to test
whether a beta-carotene supplement reduced the
risk of cancer and heart disease as well as whether
low-dose aspirin reduced the risk of heart disease.
The aspirin component was stopped in early 1988
because of a 44 percent reduction in risk of first
heart attack among those taking aspirin. The beta-
carotene component ended December 31, 1995,
after more than 12 years of study.

In the ATBC study, 18 percent more lung cancers
were diagnosed and 8 percent more overall deaths



72 beta-carotene

occurred in study participants taking beta-carotene.
In CARET, after an average of four years of receiv-
ing supplements, 28 percent more lung cancers
were diagnosed and 17 percent more deaths
occurred in participants who took a combination of
beta-carotene and vitamin A than in those who
took placebos. Neither of these studies showed a
benefit from taking supplements. Because the
interim results of CARET were similar to the ATBC
study, the intervention was stopped 21 months
early. Both of these studies involved people who
were specifically invited to participate because of
their high risk for developing lung cancer.

The Physician’s Health Study was completed at
the end of 1995 and showed no benefit or harm in
people taking beta-carotene supplements for more
than 12 years.

CARET participants were told to stop taking the
beta-carotene and vitamin A or placebos because
the CARET and NCI safety committees saw that the
interim results clearly showed no benefit from the
supplements—and also showed there was a possi-
bility they were harming participants.

The NCI has never made recommendations as
to whether Americans should take supplements to
prevent or treat cancer. For those who wish to
reduce their risk of cancer, the NCI advises that it is
prudent to adopt a low-fat diet containing plenty of
fruits, vegetables, and grains. The best advice for
smokers who want to reduce their risk of lung can-
cer is still the most direct: stop smoking. The results
from CARET and the ATBC Trial suggest that smok-
ers should avoid taking beta-carotene supplements.

The results of the Physicians’ Health Study
showed no benefit or harm to nonsmokers who
took beta-carotene every other day for 12 years.
The results from CARET and the ATBC study do
not provide information about the effects of beta-
carotene supplements on nonsmokers.

In both the ATBC Study and CARET, partici-
pants with the highest levels of beta-carotene in
their blood, measured before the study began,
went on to have fewer lung cancers. These results
are consistent with the possibility that a different
compound or compounds in foods that have high
levels of beta-carotene may be responsible for
the protective effect of dietary beta-carotene seen

in epidemiological studies. Because these are stud-
ies of pills, not food intake, the NCI stresses that the
study results do not change the results of studies
that show that eating a variety of fruits and veg-
etables each day remains a good way to reduce the
risk of some cancers and other chronic conditions.
The overall impression from these studies is that
beta-carotene needs to be part of a balanced anti-
oxidant picture, including carotenoids, in order to
protect the body against oxidation and chronic dis-
ease. Diets high in fruits and vegetables supply a
rich mixture of PHYTOCHEMICALS in addition to
beta-carotene that can be beneficial to long-term
health. Natural, mixed carotenoids as found in
whole, minimally processed foods appear to be bet-
ter antioxidants than synthetic beta-carotene.

The optimal intake of beta-carotene and natural
carotenoids to afford maximum protection is not
known. According to guidelines to food choices
published by the National Cancer Institute and the
U.S. FDA, the beta-carotene intake should equal
about 6 mg daily. Actual consumption is about 1.5
mg per day. This means most Americans should
increase their daily intake of foods containing beta-
carotene. One sweet potato contains 5 to 10 mg of
beta-carotene, representing 2,500 retinol equiva-
lents. About 15 milligrams daily may be recom-
mended if the patient eats a lot of PROCESSED FOOD
or has an infection or diabetes.

Many good sources of beta-carotene and
carotenoids are eaten rarely in the typical U.S.

diet although they are readily available. Good
sources of beta-carotene include SQUASH, CANTA-
LOUPE, sweet potatoes, YAMS, CARROTS, yellow-
colored fruit like NECTARINES, and dark green, leafy
vegetables like KALE, CHARD, greens (BEETS, COL-
LARD), spinach, and BROccoOLIL. Although tomatoes,
lettuce and sweet corn are relatively poor sources
of beta-carotene, they contribute significantly to
the nation’s total intake of beta-carotene and
carotenoids, because Americans eat so much of
them. (See also DIETARY GUIDELINES FOR AMERICANS;
HYPERVITAMINOSIS. )

Dietary Guidelines Advisory Committee, Agricultural
Research Service, U.S. Department of Agriculture
(USDA), “Report of the Dietary Guidelines Advisory
Committee on the Dietary Guidelines for Americans,
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beta-hydroxybutyric acid A simple acid pro-
duced by the liver’s metabolism of fatty acids. Beta-
hydroxybutyric acid belongs to the family of
KETONE BODIES, which are derived from fatty acid
degradation and accumulate in the blood during
conditions that promote extensive breakdown of
body fat, including STARVATION, crash dieting,
uncontrolled diabetes, and ALcoHOLISM. Ketone
body accumulation in the blood promotes KETOSIS
(acid accumulation in body fluids.) (See also AcI-
DOSIS: ELECTROLYTES; FAT.)

betaine hydrochloride A common supplemental
form of hydrochloric acid used to increase stomach
acidity. Betaine hydrochloride contains 23 percent
hydrochloric acid, by weight. As a supplement to
be taken with meals, betaine hydrochloride bol-
sters STOMACH ACID to help improve digestion in
patients with HYPOCHLORHYDRIA and ACHLORHYDRIA
(inadequate stomach acid production). Excessive
use of betaine hydrochloride can irritate the stom-
ach wall.

Betaine is a nitrogen-containing compound
related to CHOLINE. Its name comes from the fact
that it occurs in Beta vulgaris, the common beet.

Betaine helps to replenish the amino acid METHION-
INE in the synthesis of compounds like the hormone
epinephrine (adrenaline). (See also GASTRIC JUICE.)

betaline A system for the cold pasteurization of
food products that uses electron-beam treatment,
which reduces the risk of exposure to food
pathogens such as SALMONELLA, ESCHERICHIA COLI,
and CAMPYLOBACTER. Cold pasteurization of food
using electron beams was approved by the U.S. FDA
in 1997. Irradiation of food by electron-beam treat-
ment does not affect the nutrient value of food.
(See also FOOD IRRADIATION.)

beta-lipoprotein See LOW-DENSITY LIPOPROTEIN.

BHA (butylated hydroxyanisole) A common syn-
thetic ANTIOXIDANT used in the United States since
1947 to retard RANCIDITY in vegetable oils and foods
containing them. BHA destroys FREE RADICALS
(highly reactive chemical species), before they can
break down the fat. Therefore this antioxidant is
extensively employed to extend the shelf life of
many processed foods containing fat or oil, such as
baked goods, CHIPS, BREAKFAST CEREALS, pork
SAUSAGES, as well as active dry YEAST and some
CHEWING GUMS. The average American consumes
several milligrams of BHA daily from these sources.

BHA is relatively nontoxic. Most animal studies
indicate it is safe, although a 1982 study suggested
it may cause CANCER in experimental animals
at very high dosages. A review committee con-
cluded that the cancer risk is slight and recom-
mended that BHA not be banned, pending further
investigation. Huge amounts of BHA (0.25 percent
to 0.5 percent of diet) cause abnormal develop-
ment behavior in the offspring of treated animals.
Rarely does it cause allergic reactions. (See also
BHT; FOOD ADDITIVES.)

BHT (butylated hydroxytoluene) A synthetic
ANTIOXIDANT in use in the United States since 1954.
Like BHA, BHT helps prevent RANCIDITY in FATS,
VEGETABLE OILS, and PROCESSED FOODS that contain
them. Both BHA and BHT block the oxidation of
POLYUNSATURATED FATTY ACIDS by reacting with FREE
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RADICALS. These highly reactive forms of oxygen
attack the double bonds of unsaturated fatty acids
found in oils. They create off-flavor odors and
break down products that are potentially damaging
to cells. When included in the packaging material
itself, BHT (and BHA) can migrate into the con-
tents such as breakfast cereal, powdered milk, and
mixes, in addition to baked goods and chips. The
U.S. FpA allows BHT and BHA to be added to raw
and cooked meat toppings for pizzas and meatballs.

A mixture of synthetic antioxidants is often
more effective than single preservatives. Therefore
many products contain BHA, BHT, and PROPYL GAL-
LATE, a third, less safe antioxidant. BHT is less
expensive than BHA but is unstable when heated
during PASTEURIZATION and baking.

The average American consumes 5 to 10 mg of
BHT daily. BHT accumulates in human tissues,
although the long-term significance of this is
unknown. The safety of BHT has been questioned,
and some individuals are allergic to it. It is known
that BHT induces production of certain liver
detoxifying enzymes (mixed function oxidases).
This is viewed as a mixed blessing because an
increased level of these enzymes can destroy some
toxic materials, but they also can transform others
into carcinogens (cancer-causing agents). The rela-
tionship of BHT to cancer is murky. Several reports
suggest that BHT prevents cancer in experimental
animals. Other studies suggest it has no effect; still
others conclude BHT can cause cancer. Rats fed 0.1
percent to 0.25 percent BHT diets (about 10 to 20
times the typical American diet) developed behav-
ioral changes. The U.S. FDA proposed removing
BHT from the GENERALLY RECOGNIZED AS SAFE
(GRAS) list of FOOD ADDITIVES; however, it has not
been classified as a regulated food additive. In
view of the concern about safety, some companies
omit BHT from processed foods. (See also
CYTOCHROME P450.)

bicarbonate A common substance in the blood
used to help regulate acid-base balance. Bicarbon-
ate forms in the body when carbon dioxide dis-
solves in water or blood to form the weak acid
CARBONIC ACID (H,COs5). Carbonic acid sponta-
neously yields bicarbonate. Together, bicarbonate
and carbonic acid form an effective physiologic

buffer system to maintain the blood at a very nar-
row range, pH 7.3 to 7.4. Thus bicarbonate can
neutralize modest amounts of acid that might occur
through ingestion or metabolism.

Bicarbonate also occurs in BAKING SODA as
sodium bicarbonate. In the presence of acidic
ingredients like CREAM OF TARTAR, bicarbonate
forms carbonic acid, which spontaneously decom-
poses into water and carbon dioxide. It is this
action that produces the gas bubbles that cause
dough to rise.

bifidobacteria A type of nonspore-forming
anaerobic (oxygen-sensitive) bacteria that ferments
sugars to acids. Bifidobacteria ferment GLUCOSE,
galactose, and FRUCTOSE to produce lactic and acetic
acids. Bifidobacteria are often used in Japan during
food preparation requiring the production of mild
acids. In the United States, lactobaccilli are more
widely used.

Bifidobacteria are normal, beneficial residents of
the human colon. They acidity feces and produce
antibacterial factors that limit the growth of unde-
sirable bacteria and contribute to weight gain. Bifi-
dobacteria get their start in the intestine, most
readily through breast-feeding. Bifidobacteria are
the predominant organisms in the large intestine of
breast-fed infants; they can account for up to 99
percent of the microflora.

In adults, bifidobacteria populates primarily the
lower regions of the intestine. In healthy individu-
als, the relative proportion of these bacteria re-
mains rather constant. However, reduced gastric
acidity, oral antibiotic therapy, and other condi-
tions can disrupt the gut microflora. Furthermore,
the levels of bifidobacteria can decline with age.
Bifidobacteria are available as supplements. The
major beneficial functions of bifidobacteria are:

e prevention of colonization of the intestine by
potential disease-producing microorganisms
with which they compete for nutrients and
attachment sites;

e production of short-chain fatty acids, which
nurture the colon, from fiber fermentation;

¢ production of vitamins like biotin.

(See also ACIDOPHILUS.)
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bifidus factor A heat-stable factor in breast milk
that promotes the growth of the bacterium Bifidobac-
ter infantis in the intestinal tract of infants. None of a
variety of nonhuman milks favor the growth of these
strains. Successful implantation of this acid-produc-
ing bacterium helps to establish normal intestine
flora and limit the growth of less desirable microor-
ganisms. BIFIDOBACTERIA play an important role in
balancing intestinal flora. (See also ACIDOPHILUS.)

bilberry (Vaccinium myrtillus) Variously known
as whortleberry, blueberry, whinberry, or huckle-
berry, this wild berry is a rich source of vitamin C
and a source of copper. Rarely cultivated, this
species is the heather family, which also includes
the CRANBERRY and the blueberry. The bilberry
grows on the heaths and moors of Europe and
northern Asia and is known for its round, juicy,
bluish-black fruits. The raw fruit is too acid to be
palatable without adding sugar. Quinic acid and
tannin is found in the leaves.

The astringent fruit is especially valuable in diar-
rhea and dysentery. A decoction of the leaves or
bark of the root may be used as a local application
to ulcers and in ulceration of the mouth and throat.
Positive results have been noted in studies that
examined the effect of bilberry in a variety of eye
problems, including pigmentary retinitis, diabetic
and hypertensive retinopathy, retinal inflamma-
tion, macular degeneration, retinitis pigmentosa,
glaucoma, and cataracts. The anthocyanidins in bil-
berry are the primary agents responsible for its abil-
ity to heal the eyes.

One serving provides 7.7 g of dietary fiber and
supplies 60 kcal.

bile (gall) The juice secreted by the LIVER and
temporarily stored in the GALLBLADDER to aid fat
DIGESTION. The hormone CHOLECYSTOKININ, released
during eating, triggers the contraction of the gall-
bladder, which expels stored bile into the small
intestine. There, bile emulsifies FAT, permitting its
digestion by a specific enzyme, LIPASE, secreted by
the pancreas. The absorption of fat-soluble viTa-
MINS also requires bile emulsification.

Bile contains bile salts, natural detergents that
are the principal emulsifying agents of fat. The liver
synthesizes bile salts from CHOLESTEROL. Bile also

contains the phospholipid LECITHIN to help dissolve
fat and a small amount of free cholesterol, which is
emulsified by bile salts and lecithin. If the ratio of
water to lecithin to bile salt is altered, cholesterol
can become insoluble in the gallbladder and form
GALLSTONES in susceptible individuals. Bile also con-
tains bilirubin, or BILE PIGMENT. Bilirubin is a waste
product of hemoglobin metabolism from red blood
cells and plays no significant role in digestion.

Once fat has been digested, bile salts are mainly
reabsorbed by the intestine and recycled in the
liver. A small amount is excreted in the feces. It is
believed that some forms of fiber can lower blood
cholesterol levels indirectly by binding bile salts so
they cannot be reabsorbed. To compensate for this
loss, the liver withdraws cholesterol from the blood
to manufacture more bile salts, thus lowering
blood cholesterol levels.

Bile salts may be decomposed by gut bacteria to
potentially harmful products. A high FIBER diet
helps to maintain a normal transit time to move
waste out of the body. This action decreases both
bile salt decomposition and exposure of the cOLON
to toxic materials. Such observations may explain
why dietary fiber lowers the risk of colon CANCER.
(See also ENTEROHEPATIC CIRCULATION.)

bile acids The primary FaAT emulsifying agents of
BILE. Bile acids and their derivatives, the bile salts,
are powerful detergents. They are released from
the gallbladder in order to dissolve fat prior to its
digestion by the INTESTINE. They emulsify fat-soluble
VITAMINS and promote their uptake as well. The
liver synthesizes bile acids from cholesterol. In this
process, the liver first oxidizes cholesterol to pri-
mary bile acids like cholic acid. The sterol ring
structure that typifies cholesterol remains intact.
Subsequent steps couple cholic acid to the amino
acids TAURINE and GLYCINE to form the more soluble
bile salts, taurocholate and glycocholate. These so-
called conjugated products are even more powerful
detergents than bile acids. Once in the intestine,
bacterial metabolism can further modify bile salts
to secondary bile acids, such as deoxycholic acid.
Bile acids are partially reabsorbed by the intestine
and are returned to the liver via the portal vein to
be recycled. A small fraction, normally about 5 per-
cent escapes in the stool. This fraction represents
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the primary pathway by which cholesterol can be
metabolized to leave the body. (See also ENTERO-
HEPATIC CIRCULATION; FAT METABOLISM.)

bile pigment (bilirubin) A yellow-brown pig-
ment that is the end-product of HEMOGLOBIN break-
down. Bilirubin serves no functional role in
digestion, although in the blood it acts as an
antioxidant. BILE pigment is derived from HEME, the
red pigment of hemoglobin. Bilirubin is produced
by the spleen, which breaks down heme. In the
process, the heme ring is broken to form a chain,
bilirubin. Iron is then released to be recycled.
Bilirubin is next transported in the blood to the
liver, where it is absorbed and converted to a
water-soluble form called conjugated bilirubin,
which can be secreted. This pigment, together with
bile salts and lecithin, forms bile. Colon bacteria
further modity bilirubin to stercobilin, which colors
the stool brown. JAUNDICE is a condition character-
ized by excessive bilirubin accumulation. Jaundice
itself is not a disease, but is an indication of abnor-
mal metabolism or processing limited by the liver.

bilirubin See BILE PIGMENT.

bingeing See COMPULSIVE EATING.

bingeing and purging  See BULIMIA NERVOSA.

bioavailability The degree to which NUTRIENTS are
effectively absorbed and assimilated by the body. To
ensure adequate nutrition, three events must occur:
Enough food must be consumed to provide enough
essential nutrients, the foods must be adequately
digested, and the released nutrients must be absorbed
efficiently. If food is not efficiently digested or if
nutrients are not absorbed, an individual can eat a
well-balanced meal and yet be undernourished.

Many factors limit bioavailability:

1. Antinutrients, chemicals occurring in some
foods, bind nutrients and prevent their use. For
example, acidic derivatives (oxalates in vegeta-
bles and phytates in grains) can limit the uptake
of trace minerals such as IRON and ZINC; RUTABA-
GAS contain materials that bind iodine.

2. Nutrient uptake can be blocked by competition
with pollutants in food and water. As an exam-
ple, LEAD blocks the uptake of caLcium. On the
other hand, a high calcium intake does limit
lead absorption.

3. Excessive amounts of nutrients can block the
uptake of others. Thus excessive zinc blocks the
uptake of COPPER, and vice versa.

4. Inadequate DIGESTION may prevent the release
of nutrients from food. Deficient STOMACH ACID
(HYPOCHLORHYDRIA) reduces PROTEIN digestion.
Inadequate BILE production limits FAT DIGESTION
and uptake of fatty acids and fat-soluble vita-
mins.

5. A nutrient may not be in a suitably complexed
form, for example, inadequate production of
INTRINSIC FACTOR, a protein made by the stom-
ach, limits VITAMIN B,, absorption in the intes-
tine.

6. Inadequate intake of one nutrient can limit
the bioavailability of another. Thus, too little
VITAMIN D in the diet prevents the absorption
of adequate calcium because vitamin D
enhances the calcium uptake mechanism of
the intestine.

7. An unhealthy intestinal lining limits nutrient
absorption. The intestinal lining can be dam-
aged by parasites (giardiasis). Allergy can cause
intestinal swelling and thus reduce trace min-
eral uptake. An extreme example is CELIAC DIS-
EASE, a severe reaction to the cereal grain
protein, GLUTEN. This disease causes severe dam-
age to the intestine, leading to MALNUTRITION,
which is often associated with celiac disease.
Food allergies can cause frequent spasms of the
intestine, which can shorten the transit time of
food through the intestine, thereby shortening
the time available for nutrient uptake. (See also
ANTIVITAMIN; GOITROGENS; SUBCLINICAL NUTRIENT
DEFICIENCY.)

biochemical individuality The molecular differ-
ences that exist among individuals of a population.
Each person’s need for nutrients like viTAMINS and
trace MINERALS to achieve optimal health varies
from the norm of the population. Consequently,
some people need lesser amounts of essential
nutrients than the average intake for optimal
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health, while others, especially those affected by
the standard American DIET of highly processed
foods, or who smoke or who are pregnant, need
larger amounts.

Tissue compositions differ in levels of ENZYMES,
the metabolic machinery that operates cells, due to
inherited differences, different medical histories
and toxic exposures, diet, and age. Molecular
genetics has uncovered a far greater degree of
genetic polymorphism in people than previously
known. There may be many variants of a given
gene, thus variants of the protein it codes for. Most
variant proteins support normal functioning. In
certain cases, however, the variant form of an
enzyme may operate normally only as long as
there is an abundant supply of an essential vitamin
helper (COENzYME). When the concentration of the
vitamin falls below a critical threshold, function
could be impaired.

For example, perhaps 10 percent of the U.S.
population may not be able to process HOMOCYS-
TEINE, a by-product of the metabolism of METHIO-
NINE, unless a sufficiently high level of folic acid is
maintained in the diet. In other words, nutrition
can affect genetic expression (the phenotype). In
extreme cases, individuals may possess defective
enzymes that cause genetic diseases such as
phenylketonuria (PKU), an inherited inability to
break down the amino acid PHENYLALANINE.

Differences in amounts of protective enzymes
like antioxidant enzymes and detoxification
enzymes of the liver can explain why some people
are sensitive to environmental pollutants, while
others can tolerate high exposures, and why indi-
viduals tolerate medications and anesthetics dif-
ferently. A therapeutic dose effective for one
person may be ineffective for the next. Biochemi-
cal individuality explains why only certain people
experience side effects when exposed to a given
food.

Individuals vary in their sensitivity to dietary
salt, CHOLESTEROL, SUGAR, FAT, or ALCOHOL. About
one out of five Americans is sensitive to SODIUM
and will tend to develop high blood pressure with
a high-salt diet; approximately one in five will
respond to a high-sugar diet with elevated blood
fat. An estimated one-third of Americans are sensi-
tive to dietary cholesterol; their elevated serum

cholesterol level puts them at high risk for devel-
oping clogged arteries. Biochemical individuality
may explain, in part, why only a fraction of those
who drink alcohol become addicted.

It is impossible to predict on an individual basis
who will be sensitive to sodium, cholesterol, sugar,
or alcohol. In some people with high blood choles-
terol, clinical laboratory testing may provide clues,
such as elevated blood fat or LOW-DENSITY LIPOPRO-
TEIN, (LDL) the undesirable form of serum choles-
terol. Family history often provides clues regarding
susceptibility to illnesses like cancer, high blood
pressure, heart disease, and diabetes that are
affected by diet. With this information, prudent
dietary and lifestyle choices can be made to lower
the odds of chronic disease later in life. (See also
ALCOHOLISM; ATHEROSCLEROSIS; CANCER; GENE;
HYPERTENSION.)

Williams, Roger J. Biochemical Individuality. New Canaan,
Conn.: Keats Publishing, 1998.

bioimpedance analysis meter (BIA meter) An
electrical device sometimes used to check the
amount of body fat. The BIA meter has been used
in fitness centers and doctor’s offices to adjust diets
or to direct clinical treatment. The device attempts
to measure body fat by measuring the flow of elec-
tricity between two electrodes attached at the ankle
and the wrist when a very light current is applied.
By gauging the resistance to the electrical current,
the BIA meter can be used to estimate the water in
tissues and thus fat content. There has not been an
attempt to standardize measurements. Data are
affected by body shape, moisture on the skin, the
type of food or liquids consumed, muscle mass, and
adjacent electrical appliances. In 1994, a panel
assembled by the U.S. National Institutes of Health
concluded that the BIA meter can give distorted
values that have little bearing on measuring rela-
tively small changes in fat.

biological value (BV) A measure of how effi-
ciently the body uses dietary PROTEIN. The higher
the biological value, the better the quality of food
protein; that is, the more closely it supplies the
optimal amounts of AMINO ACIDS for needed growth
and maintenance. The intake of nitrogen for food
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protein is compared with loss of nitrogen under
carefully controlled experimental conditions.

BV represents the percentage of food nitrogen
retained by the body. It is defined as the amount of
nitrogen from food protein retained by the body
divided by the amount of nitrogen from food pro-
tein that was absorbed after digestion, expressed as
a percentage.

Optimally, the BV could be 100 percent all the
nitrogen that is absorbed is used in amino acids to
build proteins. In practice, a protein with a BV
higher than 70 (together with adequate calorie
intake to meet energy needs) supports growth and
represents a “complete” dietary protein. Most ani-
mal protein, except gelatin, has a high BV. A value
less than 60 is considered low and represents
“incomplete” protein. Many plant and grain pro-
teins have low biological values because they are
deficient in at least one essential amino acid. Typi-
cal CORN (maize) protein has a BV of 40 percent
because it is low in the essential amino acid LYSINE,
classified as a basic amino acid. High-lysine strains
of corn have been developed that have a higher
biological value. LEGUMES are low in sulfur amino
acids (CYSTEINE and METHIONINE). Other plant
sources (including AMARANTH, QUINOA, and SOY-
BEAN) provide protein that approaches the BV of
meat.

The BV of plant protein can be improved by
combining protein from different sources. When
eating a variety of whole foods, VEGETABLES, GRAINS
and grain products, BEANS, and other legumes daily,
the body averages its daily protein intake. Thus,
combining a food low in an essential amino acid
with foods high in that amino acid raises the aver-
age for the day, and the net biological value is more
than adequate. Knowledgeable vegetarians, or
those on varied, high COMPLEX CARBOHYDRATE diets,
can meet their protein needs with little or no meat.
(See also DIETS, HIGH COMPLEX CARBOHYDRATE;
DIETARY GUIDELINES FOR AMERICANS; FOOD COMPLE-
MENTING; NITROGEN BALANCE.)

biosynthesis The formation of molecules by cells
generally from smaller, simpler raw materials.
Chemical reactions in cells require protein cata-
lysts, known as ENzYMES, and biosynthetic reac-
tions are no exception. Those enzymes employed

in biosynthesis require energy and are said to be
“anabolic.” Frequently, larger biomolecules are
assembled from smaller building blocks. Thus bio-
synthetic reactions produce PROTEINS (polypep-
tides) from AMINO ACIDS; GLYCOGEN and STARCH
(POLYSACCHARIDES) from GLUCOSE; DNA and RNA
(polynucleotides) from simple nucleotides; FATTY
ACIDS and CHOLESTEROL from acetic acid; FAT from
fatty acids.

Biosynthesis requires an input of two forms of
chemical energy: ATp, the “energy currency” of
cells, and a reducing agent, reduced nicotinamide
adenine dinucleotide phosphate (NADPH). ATP
and NADPH are produced by the oxidation of fuels,
especially CARBOHYDRATES and fat. Therefore
energy production is coupled to biosynthesis
(energy consumption). Biosynthetic pathways are
localized within cells. Some, like fat synthesis and
protein synthesis, occur exclusively in the cyto-
plasm. Others such as DNA and RNA synthesis are
restricted to the nucleus. (See also ANABOLISM; CAR-
BOHYDRATE METABOLISM; NICOTINAMIDE ADENINE DIN-
UCLEOTIDE (NAD, NADH)/NICOTINAMIDE ADENINE
DINUCLEOTIDE PHOSPHATE (NADP, NADPH).

biotin A member of the B cOMPLEX and formerly
designated as vitamin H, this water-soluble VITAMIN
assists in energy production in the body. It is essen-
tial for synthesizing saturated fatty acids from CAR-
BOHYDRATE and for synthesizing BLOOD SUGAR from
non-carbohydrate precursors like lactic acid and
pyruvic acid during STARVATION and FASTING. Biotin
functions as a protein-bound COENZYME, assisting
primarily in reactions in which enzymes transfer
carbon dioxide to compounds to create carboxylic
acids (carboxylation reactions). The oxidation of
the short-chain fatty acid, propionic acid, requires
biotin, as does the breakdown of the essential
amino acid leucine. The safe and adequate daily
intake for adults, except for pregnant women, is
estimated to be 100 to 200 mcg.

Intestinal bacteria supply biotin. Furthermore,
biotin is widespread in food, including egg volk,
liver, dark green leafy vegetables, and whole
grains, so deficiencies are extremely rare. Defi-
ciency symptoms include dermatitis, depression,
pain, and weakness. Biotin supplements are very
safe: These is no known toxicity even with high
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doses. Biotin does not cure baldness, nor does it
cure dermatitis, two purported therapeutic uses of
this vitamin. AVIDIN is a protein in raw egg white
that functions as an antimicrobial agent to protect
the yolk. Avidin binds biotin tightly, and it has been
used to induce biotin deficiency in experimental
animals. Because large amounts of raw egg white
are very rarely consumed, avidin consumption is
not an issue. (See also ACIDOPHILUS; FAT METABO-
LISM; GLUCONEOGENESIS.)

birth defects Abnormalities that are apparent at
birth. They may manifest themselves as physiolog-
ical, structural, or mental defects. The human
embryo and fetus are sensitive to a wide variety of
agents, ranging from chemicals, bacterial and viral
infections, and radiation to the nutritional state of
the mother and hence the fetus.

The type of birth defect and the degree of sever-
ity, depend upon the type of external factor, the
dose, as well as upon the developmental stage at
which the factor was taken up. The first three
months of pregnancy (embryonic development)
are particularly critical. Brain development and the
formation of organs, the skeleton, and limbs occur
in the embryo. Damage at this stage of human
development may lead to severe structural birth
defects. Agents that cause abnormal structural
development in the embryo are known as TERATO-
GENS. They include maternal medications such as
ESTROGENS, progestogens, certain anticancer drugs,
some antibiotics, retinoic acid, VITAMIN D, and VITA-
MIN A (greater than 10,000 IU per day).

The terminal stages (the last six months) of
pregnancy are also important. Fetal development
involves integrating the ENDOCRINE SYSTEM and the
elaboration of the nervous system. Certain medica-
tions may cause problems with the function of
organ systems or with later development. These
drugs are classified as “fetotoxic”; they include
Neosporin, several cardiovascular drugs, certain
sedatives and tranquilizers, excessive VITAMIN K,
and the antibiotic tetracycline.

Maternal diet and nutrient status are critical for
normal pregnancy and postnatal development. It is
well established that nutritional deficiencies can
lead to birth defects, mental retardation, and
slowed development. If it is balanced throughout

her life, the woman’s diet before pregnancy can
also enhance prenatal development. Maternal pro-
tein MALNUTRITION can lead to smaller brains in
infants, premature birth, and difficulties after birth.
ZINC is a key nutrient in maternal nutrition. Zinc
deprivation can cause birth defects, delayed male
sexual development, and, possibly, slow learning.
Spina bifida and NEURAL TUBE DEFECTS (birth defects
of the spinal chord) are linked to FoLIC ACID defi-
ciencies. Repeated studies have shown that women
who consume 400 mcg of folic acid daily before
conception and in the early weeks of pregnancy
reduce the risk that their babies will be born with
neural tube defects by 70 percent. In 1998 the U.S.
FDA required that folic acid be added to enriched
grain products like BREAKFAST CEREALS, BREADS, and
PASTA. A number of food-related agents affect
embryonic and fetal development. Alcohol con-
sumption during pregnancy can lead to mental
retardation (FETAL ALCOHOL SYNDROME). CAFFEINE
use by the mother during pregnancy can lead to
abnormalities.

Many pollutants are implicated in birth defects
and mental retardation. LEAD can affect mental
development and learning. MERCURY can affect the
nervous system of children, leading to mental
retardation, seizures, and learning disabilities. The
banana pesticide BENOMYL, FUMIGANTS (thiabena-
zole), and HERBICIDES (Dinoseb and dioxin) can
cause fetal abnormalities in experimental animals.
Women consuming PCB in FISH have a greater risk
of having low birth weight babies and infants with
developmental disorders. Pregnant women are
advised to avoid fish caught in polluted waters.
Trace amounts of industrial pollutants are com-
monly found in breast milk. Their effects on infant
health are unknown. Chemical pollutants occur in
freshwater BASS, TROUT, white fish, walleye pike,
cATFISH, and fish from the Great Lakes and the
Hudson River. Ocean fish caught from polluted
waters, especially HALIBUT, MACKEREL, marlin, red
snapper, sheepshead, TuNA, swordfish, BLUEFISH,
and striped bass, are often contaminated by pollu-
tants. (See also ALCOHOL; BREAST-FEEDING; HEAVY
METALS.)

Cordero, Jose F. “Finding the Causes of Birth Defects,”
The New England Journal of Medicine, 331:1 (1994):
48-49.
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biscuit A flat, sweetened, dry, baked food, usu-
ally containing a high percentage of fat. The term
originated from the French and means “twice
cooked.” Heating fresh baked bread again in the
oven dries it out. The hardened biscuit was a stable
of military commissaries (sea biscuit, army biscuit)
during the 19th century.

Biscuits contain varying portions of wheat flour,
vegetable shortening, lard or butter, sugar, and fla-
vorings. Ship biscuits are simply prepared from
flour, salt, shortening, and water. Shortbreads are
prepared from flour, butter or margarine, and
sugar. Hot biscuits also contain milk and baking
soda to create a tender dough. Biscuit flavorings
vary with the menu, ranging from cinnamon and
sugar to chives, parsley, cheese, fruit, or nuts.

bitters A family of aromatic beverages or tonics
that have a bitter flavor. Bitters may or may not be
alcoholic. Italian bitters are usually wine based.
Bitters can be served as aperitifs, and peach and
orange bitters are often used as flavoring in alco-
holic mixed drinks (cocktails). Bitters can also refer
to a dry ale tasting strongly of hops. Several plants
used in herbal medicine are bitter “tonics,” includ-
ing GOLDENSEAL, DANDELION, CHAMOMILE, and gen-
tian root. The physiologic actions include
stimulation of glandular secretion to increase diges-
tion, inhibition of inflammation, and antibacterial
effects.

blackberry (genus Rubus) The conical fruit of a
thorny shrub originating in Europe. A bramble of
the rose family, the blackberry grows in Asia,
Europe, and North America where it grows from
Alaska to Mexico and from Newfoundland to
Florida. In the 1800s, interest in blackberry cultiva-
tion led to the development of many varieties from
wild stocks for commercial growers and gardens.
Like the RASPBERRY, this fruit is composed of small
seed-containing fruits called drupelets. Blackberries
ripen from August through October, and the
ripened fruit is purple-black. Many hybrids are
now cultivated, including boysenberries, loganber-
ries, and ollalieberries. Blackberries are used in jel-
lies, tarts, pies, ice cream, syrups, and jam. They are
an excellent source of FIBER and contain VITAMIN C.

One cup (144 g, uncooked berries) provides 74
calories; carbohydrate, 18.4 g; fiber, 9.7 g; potas-
sium, 282 mg; traces of protein and fat; iron, 0.8
mg; trace of B vitamins; and vitamin C, 30 mg.

black cohosh (Cimicifuga racemosa; American
baneberry, black snakeroot, bugbane, bugwort,
squawroot) A native North American plant that
grows freely in shady woods in Canada and the
United States. It is called black snakeroot to distin-
guish it from the common snakeroot (Aristolochia
serpentaria). The root of this plant is used for many
disorders, but particularly to treat symptoms of
menopause and premenstrual syndrome (PMS).
Many studies have been conducted to explore the
medicinal benefits of black cohosh. It appears com-
parable to drugs used in hormone replacement
therapy, but without the side effects. Black cohosh
is popular in Europe, where most of the U.S. har-
vest is still shipped, but more and more Americans
are becoming familiar with this plant.

black currant oil A seed oil used as a dietary sup-
plemental source of essential fatty acids. Black cur-
rant oil is unusual because it provides both families
of ESSENTIAL FATTY ACIDS, omega-6 and omega-3. It
also contains a high level of GAMMA LINOLENIC ACID,
a fatty acid that is converted to hormone-like sub-
stances, PROSTAGLANDINS, believed to counterbal-
ance pain, elevated blood pressure, blood clotting,
and inflammation. Gamma linolenic acid could
help reduce blood clots and thus could potentially
protect against STROKES and HEART ATTACKS. The
conversion of gamma linolenic acid to pros-
taglandins may be inadequate when the diet con-
tains excessive HYDROGENATED VEGETABLE OILS,
excessive ALCOHOL, or if the individual is diabetic or
elderly.

blackstrap molasses A semipurified, thick, dark-
brown syrup made from concentrated sugar juice.
The preparation of molasses involves several steps.
Sugarcane is cut close to the ground, where it is
richest in sugar. The stalks are shredded, then
pressed to extract the juice, which is boiled down
to concentrate it to the point of crystallizing sucrose
(table sugar). The sugar crystals are removed; the



blood 81

remaining liquid (mother liquor) is blackstrap
molasses—an important source of minerals. Light
molasses is more purified and lacks the mineral
content of blackstrap molasses. Two tablespoons
(40 g) contain 85 calories; carbohydrate, 22 g;
calcium, 274 mg; iron, 10.1 mg; manganese, 103
mg; and potassium 1,171 mg. (See also NATURAL
SWEETENERS. )

bladder infections (urinary tract infections) In-
fections of the urethra or bladder, which increase
the risk of a serious kidney infection. Cystitis refers
to inflammation of the bladder. Ninety percent of
patients with bladder infections are women; 20
percent of women have such infections at least
once a year. Bladder infections are not uncommon
in children; 2 percent of girls have excessive bac-
teria in their urine. The prevalence increases
with age.

The problem generally occurs when fecal or
vaginal bacteria are introduced into the urethra. If
the bladder is not voided completely, especially if
there is infrequent urination or during the last
stage of pregnancy, the risk of infection increases.

Unsweetened CRANBERRY juice may lessen
symptoms, but will not cure bladder infections; it
contains hippuric acid, which retards bacterial
growth, and a carbohydrate that prevents coliform
bacteria from adhering to the bladder and urethra
lining.

GARLIC has been shown to have antimicrobial
activity, including activity against bacteria associ-
ated with urinary tract infections. The care of a
physician is strongly recommended in the event of
bladder infections because of the risk of kidney
infections. (See also CANDIDA ALBICANS.)

blanching The process of exposing fruits and
vegetables to boiling water or steam for a short
time. Blanching both preserves color and inacti-
vates ENZYMES that alter the texture and flavor of
food. A typical procedure entails heating a veg-
etable up to three minutes in boiling water.
Blanching corN for two minutes before freezing
helps preserve its flavor. Blanching TOMATOES and
PEACHES simplifies peeling them. Blanched salad
vegetables are softer than raw vegetables.

bleaching agents (flour) Chemical oxidizing
agents used to whiten FLOUR. Milled wheat flour is
initially yellowish and does not form an elastic
dough. Oxidation of flour protein, GLUTEN, and pig-
ments both whitens and matures flour so that it
produces an elastic dough that is good for baking.

Consumer preference for white flour and white
BREAD has led the baking industry to use an unusual
list of food additives. Before World War II, agene
(nitrogen trichloride) was used extensively to
bleach flour. In wartime England, kennels increas-
ingly used bread scraps to make up for the dimin-
ished supply of meat; dogs were observed to go into
convulsions that mimicked epileptic fits. In severe
cases, the animals became crazed. In 1946, Sir
Edward Mellanby reported the correlation between
neurological symptoms and bleached flour. Later
research demonstrated that the sulfur amino acid
METHIONINE was converted to a potent inhibitor of a
brain enzyme by agene, and the modified methion-
ine could itself cause seizures. As a result of these
findings, agene was banned in 1946. After exhaus-
tive testing, chlorine dioxide was found to be a safe
bleaching and maturing agent. It is used mainly in
the processing of fruit and vegetables. Instead of
chlorine dioxide, the baking industry now uses
powdered bleaching agents that are simpler and less
expensive to use. Benzoylperoxide can bleach flour
in 24 hours, for example. Such bleaching agents
leave innocuous residues in flour.

blood The cell-filled liquid that circulates through
the heart, arteries, and veins. A 70 kg adult has a
blood volume of 5 liters. Blood is regarded as a tis-
sue in which red and white cells are suspended in a
liquid (plasma) in the ratio of 45 parts cells to 55
parts plasma. This vital fluid performs many tasks.
Blood supplies all tissues with nutrients and oxy-
gen, and it transports waste such as UREA to the kid-
neys, and CARBON DIOXIDE to the lungs, for disposal.
Blood is the medium for integration and coordina-
tion of tissues of the body through hormonal regu-
lation. It maintains the chemical equilibrium of the
body in terms of ELECTROLYTES (ionic substances)
and polyelectrolytes (serum proteins), which in
turn regulate water distribution in blood versus tis-
sues. Blood pH is buffered to maintain a very nar-
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row range at 7.35 to 7.45. Circulating antibodies,
gamma globulin, represent blood aspects of the
immune system and thus are the first line of
defense against foreign substances. Blood also con-
tains special cells, platelets, and protein clotting fac-
tors to form clots and thus limit blood loss. Fats,
cholesterol, and fat-soluble vitamins are transported
in the blood by specialized structures (LIPOPRO-
TEINS). Nutrients like vitamin A, iron, and copper
are carried by their own transport proteins. In terms
of mechanical function, the bloodstream assures an
even temperature for all regions of the body.

Most cells in blood are RED BLOOD CELLS (ery-
throcytes), which are specifically designed to trans-
port oxygen. WHITE BLOOD CELLS (leukocytes)
represent a much smaller fraction; as part of the
immune system they protect against infection. Lym-
phocytes, which represent 20 percent to 50 percent
of white cells, are derived from either bone marrow
or from the thymus gland. They mount a cellular
defense against foreign cells and materials. Plasma,
the fluid remaining once cells are removed, con-
tains fibrinogen. This inactive protein can be acti-
vated to form fibrin clots to plug holes in blood
vessels. The fluid remaining after blood has clotted
is called serum which lacks cells and clotting factors,
but contains GLUCOSE and minerals like POTASSIUM,
SODIUM, and CHLORIDE, the most common elec-
trolytes. These ions help maintain the appropriate
ionic strength, pH, and FLUID BALANCE of the body.
Serum contains ALBUMIN and other proteins that
help maintain ion concentrations in the blood, and
it contains transport proteins, such as VERY LOW-
DENSITY LIPOPROTEINS (VLDL) for carrying fat and
LOW-DENSITY LIPOPROTEINS (LDL) and HIGH-DENSITY
LIPOPROTEINS (HDL) to transport cholesterol.

Several types of nutrients support the circula-
tory system. For example, VITAMIN K and CALCIUM
support the blood clotting mechanism. zINC, IRON,
MANGANESE, MAGNESIUM, VITAMIN By, folic acid, vit-
amin B ,, and other nutrients support erythrocyte
and leukocyte production. Vitamin C maintains
strength and elasticity of capillaries. (See also
BLOOD CLOTTING; ENDOCRINE SYSTEM; HEMOGLOBIN;
IMMUNE SYSTEM.)

blood-brain barrier A structural barrier that lim-
its the passage of a variety of substances, including

certain drugs and nutrients, from blood vessels into
the brain and the central nervous system. This bar-
rier consists of cells lining capillaries (endothelial
cells). The attachments between these cells are
called “tight junctions.” However, the nature of the
physical barriers and biochemical mechanisms for
transporting materials across the barrier are com-
plex and are not completely understood. Very small
molecules like water and oxygen simply diffuse
through cells and capillaries. GLUCOSE, the major
fuel of the brain, is an example of a substance that
can penetrate the blood-brain barrier, passing
freely across the barrier, though other sugars do
not. During STARVATION or crash dieting, ketone
bodies, small acidic compounds that accumulate in
the blood during excessive fat degradation (a con-
dition known as KETOSIS), can cross through capil-
lary linings, pass into the brain and be burned for
energy. In contrast, long-chain fatty acids that
make up fat cannot penetrate the blood-brain bar-
rier, and consequently fat cannot supply the brain
with energy. Some nutrients rely on transport sys-
tems embedded in cell membranes to actively
transport substances into the brain. Thus AMINO
ACIDS enter by specific, energy-dependent pro-
cesses (active transport) TYROSINE, PHENYLALANINE,
LEUCINE, ISOLEUCENE, VALINE, and TRYPTOPHAN com-
pete for the same transport sites. Different sites are
specific for other types of amino acids. (See also
FOOD; NEUROTRANSMITTER.)

blood cells See LEUKOCYTES; RED BLOOD CELLS.

blood clotting The formation of a semi-solid mass
from blood constituents. Exposure of blood to air, to
foreign substances or to substances released from
injured tissues (thromboplastin) stimulates blood
clotting. Blood clotting is a complex process requir-
ing the sequential activation of a series of clotting
factors, which are protein modifying (proteolytic)
enzymes. It culminates in the activation of throm-
bin, the terminal enzyme that catalyzes the conver-
sion of fibrinogen, a soluble blood protein, to
insoluble FIBRIN. Fibrin forms fibers that create a
sticky mass that enmeshes blood platelets, a very
small type of white blood cell, and RED BLOOD CELLS.
This mass of fibers and cells forms a plug that cov-
ers the injured region of a capillary. The platelets
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fragment and release serotonin, a compound that
causes the capillary to contract and the blood clot to
retract. The net result is that the hole is patched and
blood flow is reduced at the site of injury.

Nutrition status affects blood clotting. The
maturation of prothrombin, the parent molecule
of thrombin, and of other blood clotting factors
(proenzymes) further up the clotting sequence of
reactions, requires VITAMIN K and CALCIUM. A cal-
cium deficiency effectively slows the activation of
clotting enzymes because a calcium-prothrombin
complex must first form in order to be activated to
thrombin. Vitamin K deficiency slows clotting
because prothrombin cannot be modified to bind
calcium. STARVATION and protein MALNUTRITION
reduce clotting because the LIVER synthesizes lesser
amounts of the protein clotting factors and fi-
brinogen.

See CHOLESTEROL; TRIGLYCERIDES.

blood lipids

blood pressure The pressure maintained in arter-
ies and veins by the heart. Blood pressure usually
refers to an indirect measurement of pressure of
large arteries at the height of the pulse. Blood pres-
sure reflects the resistance of blood flow in the cap-
illary bed and arterioles as well as the elasticity of
arteries themselves. The heart exerts pressure
throughout the circulatory system. Ventricles of the
heart contract (the systolic phase of the heartbeat),
creating systolic pressure in the cycle of heart pump-
ing. Ventricular relaxation between heartbeats cre-
ates the lowest pressure between heartbeats, the
diastolic pressure. Like a barometer for measuring
air pressure, blood pressure is measured in units
equivalent to the height of a column of mercury. A
pressure of 120/80 represents a systolic pressure
equivalent to 120 mm of mercury and a diastolic
pressure of 80 mm of mercury. A systolic pressure
persistently greater than 140 and a diastolic pres-
sure persistently greater than 100 indicate stages of
HYPERTENSION (high blood pressure), a potentially
serious condition.

The following factors are linked to increased
blood pressure: overweight, age, emotional STRESS,
physical activity, and male gender. Quiet sleep and
female gender are linked to with decreased blood
pressure.

Dietary factors and heredity are risk factors for
susceptible individuals. Approximately 20 percent
of adults will be adversely affected by overcon-
sumption of soprum. Unfortunately, these salt-
sensitive individuals cannot be readily identified.
Eating a large meal can lower blood pressure
quickly in older people when the stomach fills with
food, and experiments show that such people may
feel faint or have an angina attack unless they lie
down. (See also HEART DISEASE.)

blood sugar The level of GLUCOSE in the blood.
RED BLOOD CELLS and most of the nervous system,
including the brain, rely on this fuel to meet most
of their energy requirements. The body strives to
maintain blood sugar at a constant level. This
reflects hormonal regulation and a delicate balance
between diverse processes: CARBOHYDRATE DIGES-
TION and assimilation; tissue uptake of glucose; and
release of glucose by the LIVER. During the fasting
state, blood sugar levels remain relatively constant
for an individual; the normal range of fasting blood
sugar is 60 to 100 mg per 100 ml.

What Happens After a Meal?

Typically, blood sugar levels rise an hour or so after
a meal containing carbohydrate, as the glucose pro-
duced by digestion of starch and complex sugars is
absorbed by the intestine. Elevated blood sugar
after a carbohydrate meal signals the endocrine
PANCREAS to release INSULIN. This hormone lowers
blood sugar by stimulating most tissues to take up
glucose and metabolize it. The absorbed glucose is
either stored as GLYCOGEN in muscle and liver, or it
is converted to FAT by the ADIPOSE TISSUE and the
liver. As a result, blood sugar levels return to base
line values several hours after eating.

What Happens Between Meals (Fasting)?

Glucose is constantly being consumed by the brain
and other tissues. In response to a drop in blood
sugar or to stress, the ADRENAL GLANDS release COR-
TISOL and EPINEPHRINE and the pancreas releases
GLUCAGON. These hormones signal the release of
glucose from glycogen stores in the liver, and the
synthesis of glucose from amino acids, by the liver,
raising blood sugar levels to base line values.
HYPOGLYCEMIA refers to a sustained, abnormally
low blood glucose level. If blood sugar drops too
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low, the brain does not function normally. This
condition creates mood changes, irritability, faint-
ing, and fatigue. Reactive hypoglycemia refers to a
drop in blood sugar levels that can occur several
hours after eating. This is usually due to the abnor-
mal functioning of insulin (dysinsulism). Severe
hypoglycemia due to profound metabolic imbal-
ances can lead to coma.

HYPERGLYCEMIA (elevated blood sugar) is at the
other extreme and is characterized by sustained,
elevated blood glucose as observed in DIABETES
MELLITUS. Chronic high blood glucose, frequent in
uncontrolled diabetes, has many unfortunate ram-
ifications. It can lead to the destruction of periph-
eral nerves and eye damage; lowered resistance to
infections; toxemia during pregnancy; and heart
and kidney disease. The excretion of excess sugar
in the urine causes DEHYDRATION.

Lifestyle choices can help stabilize blood sugar
levels and thus minimize wide swings in the
changes brought about by the over- or underpro-
duction of hormones. The body responds more effi-
ciently to insulin with reduced intake of REFINED
CARBOHYDRATES, COFFEE, and ALCOHOL. Specific
nutrients may help the body regulate blood sugar.
Dietary CHROMIUM can help insulin work more
effectively; STRESS, coffee, and sugar consumption
deplete the body of chromium. High levels of biotin
seem to assist the liver with carbohydrate and fat
metabolism. NIACINAMIDE, NIACIN, VITAMIN C, VITA-
MIN B,, MANGANESE, MAGNESIUM, ZINC, and SELE-
NIUM have been shown to improve glucose
tolerance in some instances.

Eating frequent, light meals that are high in pro-
tein often helps to avoid swings in blood sugar lev-
els, and balanced meals with whole foods high in
STARCH and FIBER are effective time-released
sources of glucose. Stress reduction with medita-
tion, yoga or biofeedback, regular exercise, and
maintaining optimal body weight, also helps mini-
mize blood sugar imbalances. (See also DIETING;
GLUCONEOGENESIS; GLYCOGENOLYSIS.)

Gold, Paul E. “Role of Glucose in Regulating the Brain
and Cognition,” American Journal of Clinical Nutrition,
61:supplement (1995): 9875-9958S.

blueberry (Vaccinium) An edible, bluish berry
related to the heath family of plants which includes

American laurel, rhododendron, and broom. Vari-
eties of blueberries include whortleberries and bil-
berries. They are an excellent source of fiber and
anthocyanosides, blue-black pigments related to
FLAVONOIDS. These pigments can help stabilize col-
lagen structure. Blueberries also contain a carbohy-
drate that tends to prevent coliform bacteria from
adhering to the walls of the bladder and urethra.
(Attachment is the first step in infection.)

European bilberries are used in botanical medi-
cine. Their FLAVONOIDS have many important
effects on the body. They help decrease blood
platelet aggregation; clumping of these small cell
fragments of the blood is an essential step in blood
clot formation, and excessive platelet aggregation
increases the risk of strokes.

Bilberry flavonoids may benefit varicose veins
by strengthening capillaries and vein structure.
They also can strengthen the blood-brain barrier
and limit uptake of harmful substances. They have
been shown to help relieve day and night blindness
and retinal degeneration. In folk medicine, bilberry
leaf tea has been used to help normalize high blood
sugar in diabetes.

Blueberries are eaten raw or cooked in pies,
tarts, and muffins as well as in ice cream, com-
potes, and CHUTNEY. They are convenient to freeze.
Frozen blueberries keep at least a year. One cup of
blueberries (145g) provides 82 calories; carbohy-
drate, 20.5 g; fiber, 4.9 g; vitamin C, 20 mg; and
small amounts of protein, fat, minerals, and vita-
mins.

bluefish (Pomatomus saltatrix) A silver and blue
fish from the Atlantic Ocean neighboring the coasts
of North and South America. This fish runs in
schools that migrate north in spring along the east-
ern seaboard of North America and return south-
ward in autumn. It is both an important game fish
and a commercial food fish. The annual catch
ranges from 3,000 to 4,000 tons in U.S. waters.
Bluefish typically weigh 3 to 5 pounds and have a
delicate flavor. Like most fish, it is an excellent pro-
tein source. The baked fish (100 g) provides 159
calories.

blue food colors Colors approved by the U.S. FpA
for use in candy and soft drinks. Blue ARTIFICIAL
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FOOD COLORS can be mixed with yellows (FD&C No.
5 and No. 6) to create shades of green. The safety
of these dyes has been questioned. FD&C Blue No.
1 may cause chromosomal damage. FD&C Blue No.
2 may cause brain tumors in experimental animals.
(See also DELANEY CLAUSE; FOOD ADDITIVES.)

See FAT.

body fat

body fluids The water-based components of the
body. Approximately 60 percent of the human
body is water. Typically, 20 percent of body weight
represents intracellular water, and in normal,
healthy adults it accounts for about 55 percent of
total body water; trained athletes have a higher
percentage. Water outside the cells represents the
sum of the lymph, blood plasma (the fluid of
blood), the interstitial fluid (the water between
cells and tissues), and the water bound to the
skeleton and connective tissue. Plasma accounts for
about 4 percent of body weight.

To function normally, cells maintain an appro-
priate osmotic pressure (the pressure generated by
two solutions of different compositions separated
by a partially porous membrane like the cell wall).
Cells of the body generally maintain an osmotic
pressure equal to that of blood. Cells are in danger
of swelling and rupturing if too much water enters,
and they will shrink and eventually collapse if
excessive water moves out of cells. Cells regulate
osmotic pressure by maintaining potassium ions
inside and pumping sodium out. Water follows
these ions, as well as the movement of chloride.
Thus movement of these simple ELECTROLYTES plays
a major role in water balance.

Circulating body {fluids, the blood and the
lymph, are protected against extreme variation in
pH (a relative measure of the degree of acidity and
alkalinity of a solution) by proteins, inorganic ions,
bicarbonate, and phosphate, which bind an excess
of acid (hydrogen ions) and neutralize bases. They
help buffer the blood at a value of 7.3 to 7.4 A
lower pH leads to acidosis (excessively low pH). A
pH greater than 7.4 leads to alkalosis (excessively
alkaline pH). Either imbalance can be dangerous.

body mass index (BMI) A standard for body
weight based upon the measurements of height

and weight. This is one of the most useful rela-
tionships: It can be used to assess health risks asso-
ciated with overweight and it can be used as a
therapeutic guide. There is a high degree of corre-
lation between BMI and body fat determined from
density measurements. The BMI for adults is based
on surveys of lean adults between the ages of 20
and 29. To calculate this index of fatness, first
divide the weight by the height in inches squared,
then multiply the result by 703. A healthy BMI
ranges between 18.5 and 24.9. A value of 30 or
greater falls into the category of OBESITY. Nonethe-
less, there is no clear-cut, absolute standard for
deciding if an individual is overweight or under-
weight. The interpretation of the BMI for children
and adolescents aged two to 20 depends on the
individual’s age and sex. The typical American
child’s BMI declines after birth until the child is
between four and six years old. It then gradually
increases throughout the adult years. The point at
which the increase begins is called the adiposity
rebound. A child whose adiposity rebound begins
at a young age is more likely to have a higher-
than-average BMI as an adult. (See also ADIPOSE
TISSUE; FAT; HEIGHT-WEIGHT TABLES; LEAN BODY MASS;
OBESITY.)

bok choy (Brassica chinensis; Chinese mustard
cabbage, pak-choi) A type of Chinese cabbage
resembling celery, with dark green leaves that are
smooth elongated, and generally 8 to 18 inches
long. Bok choy does not form a heart, unlike pet-
sai, another commonly used Chinese cabbage. Bok
choy has a mild flavor. It can be eaten raw in sal-
ads and coleslaw or cooked in stir-fries and as a
condiment for pork, fish, and shellfish. Bok choy is
a good source of BETA-CAROTENE, FIBER, and VITAMIN
C. One cup (170 g) provides 20 calories; protein,
2.6 g; carbohydrate, 3 g; fiber, 3.4 g; calcium, 158
mg; potassium, 630 mg; beta-carotene, 437 retinol
equivalents; and vitamin C, 44 mg.

bologna A processed meat product. This large,
seasoned sausage contains minced turkey, pork,
beef, veal, or a combination of these meats packed
into a casing and usually smoked. One slice con-
tains 289 mg sodium. This high sodium content is
typical of sausage.
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Most bolognas can be considered high-fat foods.
Two slices (2 ounces) of luncheon meat in a sand-
wich is the average serving, as determined by the
U.S. Department of Agriculture (USDA). A rule of
thumb is that 2 ounces of meat should supply no
more than 2 grams of fat. Saturated fat accounts for
most of the calories in bologna. The high level of
fat, especially saturated fat, in the typical American
diet is linked to an increased risk of heart disease.
DIETARY GUIDELINES FOR AMERICANS recommends a
diet with less saturated fat. The chemical sodium
NITRATE is often added as a preservative to
processed meats, including bologna, to prevent the
growth of bacteria that can cause food poisoning.
Nitrite can react in the stomach with nitrogen-
containing compounds called amines to yield can-
cer-causing compounds called nitrosoamines. One
slice of bologna (one ounce, [28 g]) contains 89
calories; protein, 3.3 g; carbohydrate, 0.55 g; fat, 8
g; cholesterol, 16 mg; calcium, 3 mg; iron, 0.4 mg;
and small amounts of the B complex: vitamins.

bolus The mixture of food and saliva produced
by chewing. To be digested efficiently, food must
first be pulverized by teeth and mixed with saliva
to ease swallowing. This disperses and lubricates
food particles and eases their passage into the
stomach and initiates starch digestion by the
enzyme salivary amylase. The act of swallowing
moves the food past the epiglottis and down into
the esophagus, which transports it into the stom-
ach. The downward movement of food is carried
out by PERISTALSIS, waves of contraction of smooth
muscles encircling the esophagus. In the stomach,
the bolus becomes chyme, partially digested food
mixed with GASTRIC JUICE. (See also DIGESTION;
DIGESTIVE ENZYMES.)

bone A structure of hard tissue consisting of
blood vessels, nerves, osteocytes (cells capable of
bone synthesis), and a matrix of inorganic salts,
protein, and mucopolysaccharides (acidic and sul-
fated carbohydrate chains).

Bones provide support and define the shape of
the body. There are two structural arrangements in
bone: external, compact bone is dense and hard;
internal bone is porous and is found in most flat
bones and at the ends of long bones of the arms

and legs. Red bone marrow fills the cavities and the
ends of some long bones and most flat bones. In
adults, red marrow is the site of synthesis of red
blood cells and certain white blood cells (lympho-
cytes of the immune system and blood platelets
required for clotting).

The periosteum is the membrane covering the
bone surface that supplies the bone with nerves
and blood vessels.

Osteocytes absorb CALCIUM, MAGNESIUM, and
other nutrients from blood, which is supplied by an
exterior blood vessel and capillary system. These
cells crystallize the ions as an insoluble matrix of
hydrated calcium phosphate (hydroxyapatite) and
calcium carbonate. In fact, bone accounts for 99
percent of the calcium in the body.

While mature bones have a fixed size and shape
and are composed of crystalline materials, their
chemical composition is constantly changing.
Short-term changes occur when calcium is
deposited in the bony matrix and is again released
into the blood. Longer-term changes occur in both
the chemical and the structural makeup during the
aging process.

Several nutrients besides minerals play impor-
tant roles in bone metabolism. VITAMIN D stimulates
cells of the intestinal mucosa to take up calcium. A
chronic deficiency of this vitamin leads to RICKETS
(in children) and OSTEOMALACIA (in adults). VITA-
MIN C plays a role in collagen synthesis, required for
bone deposition. A chronic deficiency leads to
impaired calcification. viTAMIN K is implicated in
bone formation also. Maturation of RED BLOOD
CELLS and WHITE BLOOD CELLS, both critically impor-
tant, requires vitamins (FOLIC ACID, VITAMIN B,
VITAMIN B, VITAMIN A) and minerals (IRON, ZINC,
BORON, MOLYBDENUM, among others). (See also
OSTEOPOROSIS.)

bone disease See OSTEOMALACIA; OSTEOPOROSIS.

bone marrow in meat See MEAT.

bone meal Powdered bone obtained from live-
stock, long used as a supplemental source of CcAL-
CIUM and MAGNESIUM. Bone meal is no longer
recommended. Analysis of many commercial prod-
ucts has revealed extensive LEAD contamination,
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probably because the livestock that supplied the
bones were contaminated by lead. The fetus,
infants, and children are especially sensitive to
lead, which can retard growth and development.

A dose of three teaspoons of bone meal can
result in a lead intake close to the acceptable max-
imum daily intake for infants and children between
six months and two years. Pregnant and nursing
women, and children, should not use bone meal;
safer calcium supplements are available. (See also
HEAVY METALS.)

bonito (Thunnus) Various medium-sized tuna,
related to mackerel. A migratory fish, bonito
inhabits both the Pacific and Atlantic Oceans and is
harvested on a large scale and sold canned or fresh.
Tuna is the most popular seafood in the United
States and is an oily high-fat fish, rich in vitamins
A and D. It is a relatively good source of omega-3
essential fatty acids, which help reduce the risk of
blood clotting.

A 3 oz serving of tuna, packed in oil and
drained, provides 140 to 200 calories; when packed
in water it provides 90 to 110 calories. Both pro-
vide protein, 21 g; fat, 1 g; cholesterol, 40 to 60 mg,
and calcium, 10 mg. Typically, salt added in pro-
cessing contributes 300 to 500 mg of sodium per
serving. The DIETARY GUIDELINES FOR AMERICANS rec-
ommends that salt and sodium be used only in
moderation because of a risk of high blood pressure
in susceptible individuals. Nutrient content is the
same as ALBACORE tuna.

borage (Borago officianalis) A perennial herb
whose beautiful flowers have been used in cooking
and herbal preparations since Roman times. In folk
medicine, borage is used to induce perspiration.
The leaves are used to flavor salads and pasta or
used as cooked greens and mixed with spinach.
The flowers are used in salads as a garnish or in
making a fragrant tea. Borage oil is one of the three
major supplemental sources of GAMMA LINOLENIC
ACID, the important polyunsaturated fatty acid that
serves as a precursor of PROSTAGLANDINS (PG ). The
prostaglandins are hormone-like compounds that
help regulate diverse physiologic processes. Due to
lifestyle and dietary habits, production of this fam-
ily of prostaglandins may be deficient in many

Americans. The PG, prostaglandin family is a fac-
tor in widening blood vessels, reducing the ten-
dency of blood to form clots, lowering cholesterol
production, and regulating the immune system.
Borage oil contains up to 26 percent gamma
linolenic acid, more than is found in evening prim-
rose oil or black currant oil. It also contains 40 per-
cent linoleic acid, the omega-6 essential fatty acid
from which gamma linolenic acid is derived.

boron An essential mineral nutrient found in
trace amounts in most tissues. Although its precise
role is unclear, boron may function in bone forma-
tion in both women and men and may also help
prevent CALCIUM and MAGNESIUM losses in post-
menopausal women. Boron seems to aid in the for-
mation of steroid hormones (ESTROGEN) and
VITAMIN D, and it improves COPPER metabolism. A
magnesium deficiency accentuates the effects of
boron. As yet there is no RECOMMENDED DIETARY
ALLOWANCE (RDA) for boron because a require-
ment has not yet been quantified. An estimated
safe and adequate daily intake is 1 to 3 mg for
adults. Sources of boron include legumes, leafy
vegetables, and fruit; APPLES, GRAPES, and PEARS are
good sources. A varied diet would be expected to
supply adequate amounts of this mineral. Exces-
sive use of boron supplements can cause a danger-
ous overdose of boron.

Newham, R. “Role of Boron in Human Nutrition,” Jour-
nal of Applied Nutrition 46 (1995): 81-85.

borsch (borscht) A traditional eastern European
beet soup. Its characteristic red color derives from
beets, a major ingredient. Recipes may specify
adding white kidney beans, mushrooms, and vari-
ous amounts of other vegetables such as shredded
cabbage, carrots, parsley, and onions to beef or
other stock and vinegar. Borsch may be served with
diced stewmeat, sausage, and sour cream. It may be
served hot or cold.

botanical extracts The extract of any part of a
plant. Extracts may be produced “naturally” (by
squeezing or crushing a plant) or by treating the
plant with a solvent. The term herbal refers to the
leaves and stems of a plant, while botanical refers to
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these parts in addition to roots, seeds, and fruits.
Long-term safety and appropriate dosages have not
yet been established for many botanical extracts.
They are therefore not generally recommended for
pregnant or breast-feeding women.

Safety and quality play an essential role when
botanical extracts are used as supplements to
enhance physical or mental performance. To guar-
antee safety many manufacturers are now standard-
izing their extracts. The goal in standardizing an
extract is to control the complete chemical com-
position of the extract rather than one particular
identified constituent or group of constituents. Stan-
dardization is obtained by determining a certain
amount of its active principles, identified as typical
“markers” or “active ingredients” that characterize
every single plant species. Only high-quality stan-
dardized botanical extracts can be considered safe,
with predictable, reproducible effects.

A number of standardized botanical extracts
have been introduced into the United States. The
heightened interest in standardized products is due
to the belief that standardization is directly related
to the potency of the extract. This is not necessar-
ily the case.

All supplements, including herbs and vitamins,
must conform to federal regulations that control
production, labeling, and advertising. In order to
sell an herbal supplement, a manufacturer must
meet many different federal and state regulations
and must also adhere to state and local health and
business regulations. Because supplements are
legally classified as a specifically defined type of
food, all supplements are required to be manufac-
tured to the same high standards that are required
of all foods. These mandated good manufacturing
practices establish basic guidelines to assure that
supplements are manufactured under sanitary con-
ditions and are fit for consumption. Any supple-
ment that does not conform to these basic
guidelines is subject to regulatory action by the
FDA. In addition, all supplement products are
required by law to provide certain information
about their formulation.

Supplements must provide consumers with
nutritional information and must also state the
quantity of each of the contained ingredients or of
the proprietary blends that make up a product. All
herbal products are required to identify the parts

used of each of the plant ingredients and to label
them with their commonly accepted names.

The government is most interested in product
claims of botanical extracts. The FDA prohibits the
use of any statement that would brand the product
as a drug, nor does it allow statements regarding
prevention, cure, mitigation, or treatment of dis-
eases. Claims are limited to statements that are
legally defined as “statements of nutritional sup-
port” or “structure/function statements.”

bottled water Commercially bottled drinking
WATER that may or may not be carbonated. The
sales of bottled water in the United States rose 9.3
percent in 2000 to $5.7 billion. This growth in bot-
tled water consumption comes from the growing
awareness of the widespread pollution of munici-
pal water sources by pesticides, fertilizers, and
industrial chemicals. Most bottled water comes
from wells or springs. Bottled “drinking water”
may be filtered water or distilled water with some
minerals added. Bottled water is disinfected by
ozone, not by chlorine treatment. Bottled water is
classified as a food product by the U.S. Fpa, but
producers are not required to list the source.

Although bottled water may taste better than
tap water, it may be no more healthful. The EPA
sets water quality standards for most of the drink-
ing water sources. However, there is no guarantee
that a bottled water will be safer or more whole-
some, because bottled water is less regulated than
tap water. The issue of bottled water safety was
publicized when analyses revealed a popular,
imported brand was contaminated with the
organic solvent benzene, a carcinogen. Spot
checks have turned up traces of other organic sol-
vents, NITRITES, and toxic HEAVY METALS in samples
of bottled water, and the sopiuMm content can be
high. Consumers can request the latest chemical
analysis of their preferred brand of water from the
bottler.

The most common types of bottled water are:

e club soda: tap water that is filtered, carbonated
with carbon dioxide, and treated with minerals
to give it flavor

o distilled water: purified by condensing steam, it
contains no minerals but may contain volatile
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organic contaminants. Unless calcium and mag-
nesium are added back, distilled water has a flat
taste

e mineral water: any water containing minerals,
although there is no federal standard to regulate
them. California has a standard for the amount
of dissolved minerals in its “mineral water”

e natural sparkling water: initially naturally car-
bonated, then reinjected with carbon dioxide to
increase carbonation

e seltzer: carbonated water. Often seltzer is tap
water that has been filtered to remove organic
materials, and then treated with carbon dioxide
to provide carbonation.

bottle feeding See INFANT FORMULA.

botulism (botulinus poisoning) A rare though
deadly form of food poisoning caused by ingestion
of a toxin produced by the anaerobic soil bacterium
Clostridium botulinum. Several strains of C. botulinum
produce one of the most deadly natural toxins. It is
estimated that a few micrograms of the toxin could
kill an adult. Botulinum toxins are neurotoxins,
(nerve poisons) which trigger symptoms such as
nausea, vomiting, sudden weakness, and difficulty
in breathing, speaking, and swallowing; blurred
vision, and headache. Paralysis and death can
occur in two to 10 days. Early detection is a critical
factor to assure timely treatment with botulinum
antitoxin.

Infant botulism was first recognized in the
United States in 1976, and it is now the most com-
mon form of botulism. In susceptible infants, the
botulinum bacterium can propagate before the
development of normal intestinal flora that would
inhibit it. HONEY has been implicated as the proba-
ble source of botulism spores in some instances.

Botulism is becoming more common with the
use of microwave cooking, which may not sterilize
food completely. Botulism is usually associated
with canned food, especially improperly home-
canned nonacidic vegetables, such as string beans,
sweet corn, beets, asparagus, spinach, and chard.
Toxin production is favored when contaminated
food is stored at neutral or slightly alkaline pH at
room temperature for 12 to 24 hours away from
air, and then not reheated before serving. Improp-

erly stored restaurant foods (potato salad, pot pies,
stews, turkey loaf, preserved meat, fish, and milk),
have been reported as causes of outbreaks of botu-
lism. Low-acid foods that are not canned, such as
salami and other processed meats, depend upon a
combination of treatments to inhibit germination
of C. botulinum spores and bacterial growth: mild
heat treatment, the addition of sodium nitrite and
other additives, and refrigeration.

When in doubt about the safety of a food, it
should be discarded. Commercially canned goods
that are swollen and home-canned products that
are bubbling, discolored, or are cloudy should also
be discarded, because these are signs of improper
canning. Cooked foods should be refrigerated,
especially foods that are in a tight wrapping (such
as a baked potato in foil or food coated with fat or
batter, like sauteed omions). Food should be
reheated thoroughly; 10 minutes of high heat
destroys botulinum toxin. (See also AFLATOXIN; SAL-
MONELLA.)

bouillabaisse A traditional fish stew from south-
ern France. Freshly caught Mediterranean fish are
cooked with tomatoes and herbs and served on a
bed of vegetables. Originally, bouillabaisse was
cooked by fishermen using the least suitable fish
for market, such as rockfish, plus easily obtained
shellfish like mussels and small crabs. According to
legend, this fisherman’s stew was divinely inspired
and brought to humans by angels. A variety of
whitefish and shellfish can be substituted for the
traditional ones, including salmon, whiting, bass,
lobster, crab, prawns, and eel. The seafood is mari-
nated in olive oil, tomatoes, onions, garlic, parsley,
thyme, bay leaf, shredded orange peel, saffron, and
salt and pepper before boiling.

bouillon The clear broth obtained from boiling
vegetables, meat, or poultry. Bouillon forms the
base for a variety of dishes, soups, and sauces.
Commercially prepared bouillons contain high lev-
els of sodium. Although they possess appetizing
flavors, they are not nutrient-dense foods: Beef
bouillon concentrate (one package) provides 15
calories; protein 1 g; carbohydrate, 1 g; fat, 1 g; and
sodium, 1,019 mg; and only very small amounts of
other minerals and vitamins.
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bovine growth hormone (bGH; bovine soma-
totropin) A genetically engineered hormone
designed to increase MILK output from dairy cows.
The U.S. FpA approved general use of bGH on cows;
its assessment is that MEAT or milk from bGH-
treated cows is nutritionally identical to milk from
untreated animals.

Controversy surrounding the application of this
synthetic drug focuses on several issues. Although
all milk contains growth hormone, the synthetic
drug differs from the natural bovine growth hor-
mone in structure, by 49 amino acids added from
human growth hormone. (Bovine and human
insulin-like growth factors are very similar and are
not destroyed by pasteurization.) Differences in the
ability to cause an allergic reaction can be expected,
even though bGH itself seems to be biologically
inactive in humans. The hormone increases
the level of an insulin-like growth factor (IGF-1)
in cow’s milk, higher than that found in breast
milk, and its effects, if any, on children’s upper
GASTROINTESTINAL TRACT are unknown. Possible
adverse effects in cows include infected udders;
which would require treatment with antibiotics
that could get into the milk. The FDA has issued
assurances that milk is tested for antibiotic con-
tamination. (See also BREAST-FEEDING; GENETIC
ENGINEERING.)

bovine spongiform encephalopathy (BSE) The
technical term for mad cow disease, a fatal brain
disease in cattle that was first diagnosed in Britain
in 1986. After an incubation period of three to five
years characterized by normal behavior, BSE-
infected cattle begin to stagger and become aggres-
sive. The brains of such animals of autopsy look
spongy; under the microscope nerve cells reveal
protein fiber buildup. BSE is a member of a group
of brain disorders characterized by chronic wasting
that seem to be caused by a rogue protein called a
prion. Prions appear to multiply in the brain, spinal
cord, spleen, and thymus; they do not trigger an
immune reaction in host animals. The possibility
that the infection can be transmitted to other
species raised the concern that beef or milk prod-
ucts from infected animals could transmit the dis-
ease to humans.

The source of the BSE outbreak is unknown, but
evidence suggests it was spread, in part, by feeding
to cattle meal that contained ground meat and
bone from BSE-infected cattle. The British govern-
ment took several steps to contain the disease,
including slaughtering thousands of animals that
were suspected of infection and banning the use of
meat-and-bone meal. The measures were success-
tul, reducing the number of confirmed cases in the
United Kingdom from 36,680 in 1992 to fewer
than 1,500 in 2000.

Then, in the 1990s, reports of people in Europe
who developed a rare but deadly neurological dis-
order, variant Creutzfeld-Jakob disease (vCJID),
raised public concerns about the safety of eating
beef. In 1996 10 people in the United Kingdom
began exhibiting unusual symptoms, including leg
pain, difficulty walking, hallucinations, and slurred
speech. Eventually, the patients could not walk,
speak, or even feed themselves. Within two years
they had all died. Autopsies revealed that the vic-
tims” brain tissue had disintegrated, giving it the
spongelike appearance similar to the brains of cat-
tle infected with BSE.

The patients” symptoms were like those seen in
people who suffered from a rare, fatal neurological
disorder called Creutzfeld-Jakob disease (CJD).
Most victims of that disease die in their late 60s
after years of suffering lingering dementia, but the
patients diagnosed with variant Creutzfeld-Jakob
disease were all in their 20s. Researchers decided
these patients contracted vCJD after eating the
flesh of cattle that had BSE.

By early 2002, 124 people in Europe had devel-
oped vCJD: 117 in the United Kingdom, five in
France, one in Ireland, one in Italy, and three in
Japan. There have been no confirmed cases of
either BSE or vCFD in the United States.

No ruminants or ruminant products have been
imported into the United States from countries
known to have BSE. The World Health Organiza-
tion has recommended that all countries ban the
use of ruminant tissues in ruminant feed. A volun-
tary ban was instituted in the United States in
1996. A variety of marketed drugs are derived from
cattle tissue, and many contain some amount of
cow’s blood. Gelatin, however, is believed to be
safe because it is highly processed.
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brain chemicals
MITTER.

See ENDORPHINS; NEUROTRANS-

bran, oat The outer protective coating of the oat
kernel. Oat bran is a good source of SILICON, a trace
mineral needed for healthy joints and for normal
bone growth. Oat bran supplies a water-soluble
form of FIBER called beta glucan. Like cellulose, oat
fiber is a POLYSACCHARIDE composed of glucose
units. Because of the manner in which the glucose
units are joined, the carbohydrate chain is not
digestible, and because of its “kinks,” it is water sol-
uble and viscous. This differs chemically from
water-insoluble fiber, like wheat bran, which is the
kind of fiber usually found in bran breakfast cere-
als. Oat bran causes less bloating or diarrhea than is
typical with an overdose of wheat bran.

Gel-like fiber often exerts physiologic effects.
Soluble fiber reduces the rate of glucose absorp-
tion and insulin response after a meal, thus
increasing glucose tolerance. Oat bran may help
decrease blood FAT and blood CHOLESTEROL, espe-
cially the undesirable LOW-DENSITY LIPOPROTEIN
(LDL) form, even in diabetics. Elevated LDL is
associated with an increased risk of heart disease.
Regular consumption of oat bran and oatmeal can
lead to a modest reduction in blood cholesterol
levels. Even a study purporting to show that oat
bran lowers cholesterol by lowering fat intake sug-
gested that a high oat fiber selectively lowered
LDL, not HDL (the desirable form of cholesterol).
The specific link between oat bran and lowered
blood cholesterol has not been resolved. More
generally, a diet high in fiber from vegetables,
fruits, whole grains, and legumes, together with
healthy lifestyle habits, forms a foundation for
heart disease prevention.

The ability of oat bran to lower blood cholesterol
launched a health food fad that dramatically
increased sales of oat and bran cereals. Although
the data continues to suggest that including oats in
the diet is beneficial, oat bran is only one of a large
number of sources of water-soluble fiber. Barley,
for example, contains fat-soluble substances called
tocotrienols that suppress cholesterol synthesis by
the liver. Furthermore, most foods contain both
soluble and insoluble forms of fiber. Even oat bran
contains 60 percent insoluble fiber. What seems

clear is that eating more COMPLEX CARBOHYDRATES
such as whole grains and cereal products, beans,
vegetables, and fruit, together with daily EXERCISE,
can significantly lower blood cholesterol in most
adults. (See also OATS.)

bran, wheat The outer coat of kernels of wheat.
Although wheat bran contains vitamins, and min-
erals like cALciuM and phosphate, most attention
has focused on its FIBER content. Wheat bran rep-
resents a rich source of water-insoluble fiber that is
mainly cellulose. Bleached flour is deficient in bran
because bran is lost during milling and is not added
back during ENRICHMENT. Wheat bran is typically
included in bran BREAKFAST CEREALS. Bran flakes
(wheat cereals) contain approximately 40 percent
bran.

Insoluble fiber is implicated in maintaining the
health of the gastrointestinal tract in several ways.
Bran adds bulk and relieves constipation because it
absorbs water, making the stool soft. It reduces the
transit time (the time taken for the passage of
material from the mouth through the gastrointesti-
nal tract). Dietary fiber also normalizes rapid tran-
sit time caused by diarrhea due to IRRITABLE BOWEL
SYNDROME.

Colon cancer is primarily a disease of developing
countries. In searching for an explanation, investi-
gations have shown that, in animals, diets high in
fat and low in insoluble fiber are linked to colon
cancer. Population studies indicate that countries
whose populations are characterized by diets rich
in grains and vegetables have lower cancer rates
than does the United States. The standard Ameri-
can diet supplies only 30 percent to 50 percent of
the soluble and insoluble fiber estimated to reduce
the risk of diseases of the colon, including colon
cancer. Nonetheless, the connection between colon
cancer and fiber is not clear-cut. In some studies,
bran offered protection from colon cancer; in oth-
ers, it had no effect. Researchers propose that fiber
can bind bile salts and toxic materials and speed up
their passage, with wastes, through the intestine.
The toxins would then have less time to damage
the colon. Another explanation is that about 50
percent of cellulose is degraded by colon bacteria,
producing SHORT-CHAIN FATTY ACIDS, which have
anticancer properties.
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Individuals who choose to supplement their diet
with bran should add it slowly to allow the body to
adjust. Suddenly increasing fiber intake can cause
bloating, cramping, and diarrhea. Individuals with
serious diseases of the digestive tract, such as ulcer-
ative coLris, should not supplement with fiber
without consulting a specialist. A fiber intake
exceeding 35 to 40 g daily may bind essential min-
eral nutrients like calcium and limit their absorp-
tion. One-half cup (18 g) of wheat bran provides 38
calories; protein, 2.9 g; carbohydrate, 11.1 g; fiber,
7.9 g; fat, 0.83 g; calcium, 21 mg; iron, 2.0 mg; zinc,
2.3 mg; thiamin, 0.14 mg; riboflavin, 0.06 mg;
niacin, 4.9 mg. (See also BRAN, OAT.)

branched chain amino acids A family of three
essential dietary amino acids used as protein build-
ing blocks. LEUCINE, ISOLEUCINE, and VALINE are clas-
sified as branched chain amino acids because they
possess a branched structure. All three are essential
amino acids because the body is unable to synthe-
size these structures. Branched chain amino acids
are largely absorbed from the bloodstream and bro-
ken down by skeletal muscle in response to insulin.
In the first step of their metabolism, amino (nitro-
gen) groups are removed by transamination, a
process dependent upon VITAMIN By, leaving the
carbon skeletons as keto acids. The keto acids are
then oxidized in the mitochondria for energy pro-
duction. The multienzyme complex that oxidizes
the carbon skeletons of all three amino acids is
more active with high protein diets. It has been
proposed that the branched chain amino acids may
enhance skeletal muscle adaptation to exercise
training. Blood levels of branched chain amino
acids are low in patients suffering from chronic
renal failure and encephalopathy, and supplemen-
tal amino acids have been used for critically ill
patients.

Brazil nut (Bertholletia excelsa) The large edible
seed of an evergreen tree that grows wild in the
Amazonian rain forest of South America. The tree
is considered a renewable resource of the rain for-
est. The hard-walled fruit is 4 to 6 inches in diam-
eter with several inch-long seeds arranged around
a center, like the sections of an orange. The shell of
the nut is triangular, and the oily, creamy seed

within has a rich flavor. Brazil nuts are available
roasted in oil or dry roasted. One ounce (28 g, 7
nuts) provides 186 calories; fat, 18.8 g; protein, 4.1
g, carbohydrate, 3.6 g; fiber, 2.52 g and small
amounts of iron, zinc, thiamin, and niacin.

bread A baked food consisting of flour, water,
or other liquid as the main ingredients. The many
varieties available indicate the ethnic diversity
of bread: bagels, baguettes, crumpets, matzo,
pumpernickel, sourdough, tortillas, and whole
wheat are a few of the varieties sold in the United
States.

Unleavened breads like matzo and tortillas were
the first breads. The invention of leavened bread is
attributed to the ancient Egyptians. As a staple of
the standard American diet, leavened bread is pre-
pared with yeast or baking soda to make the dough
rise before baking.

Bread is one of the best sources of complex
CARBOHYDRATE. The carbohydrate in bread is
starch, its main ingredient. Complex carbohydrate
digests slowly to the simple sugar GLUCOSE. The
slow rise in blood sugar requires a modest output
of the hormone insulin to regulate blood sugar
levels. The current recommendations specify
obtaining 50 percent to 60 percent of daily cAaLoO-
RIES from complex carbohydrates. Contrary to
popular opinion, breads are not “fattening” unless
the consumer exceeds the daily limit of calories
from all sources needed to equal those burned for
energy. Bread is much less fattening than high-fat
foods such as processed meats, cheese, and fried
foods. However, spreading BUTTER, MARGARINE, O
mayonnaise on a slice of bread doubles its calories.
“Reduced calorie bread” contains half the usual
calories, 20 calories a slice; bread may be made
with powdered CELLULOSE as a noncaloric filler to
lower calories.

Usually a bread is named after the grain from
which the flour or meal is derived. An estimated 75
percent of Americans eat white bread and the
remainder eat whole WHEAT and RYE. Wheat flour
is ideal for leavened bread because wheat contains
GLUTEN, a protein that becomes sticky when mixed
with water. Dough made from wheat flour is
elastic enough to rise, as bubbles of carbon dioxide
become trapped, thus creating light-textured
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bread. In contrast, breads made with only low-
gluten flour will tend to be heavy (dense).

The liquid used to prepare the dough affects the
bread flavor and quality. Water produces bread
with a stiff crust; milk produces a more tender crust
and increases the nutritive value of bread. Added
sugar helps brown the crust and helps yeast fer-
ment, while fat may be added by bakers to make
softer and lighter breads.

Bread is a major contributor of carbohydrate,
SODIUM, NIACIN, THIAMIN, and IRON to the American
diet, because so much of this enriched food is
eaten. The sodium in bread comes from baking
soda, the major ingredient of baking powder.

White bread is prepared from bleached flour,
which is highly refined (purified). Milling and
bleaching removes or partially removes more than
22 important materials such as FIBER, VITAMINS, and
MINERALS. To make up for a portion of this deple-
tion, bakeries replace only four: thiamin, niacin,
riboflavin, and iron (ENRICHMENT). Other nutrients,
such as vitamin B, zinc, manganese, and FOLIC
AcID, are not added. Because flour is so widely
used, producers add iron to increase the daily
intake of this mineral, and because white bread
contains only half a gram of fiber a slice, bakeries
sometimes increase the fiber content by adding
dates, raisins, or purified, powdered cellulose.
Crystalline cellulose may not function in the body
in the same way as the natural cellulose that occurs
in the bran of whole wheat bread.

Whole-grain breads provide two to three grams
of fiber per slice. Bread labeled “whole wheat”
must contain 100 percent whole wheat as the first
listed ingredient. Bread simply labeled as “wheat”
or “cracked wheat” often contains white flour as
the major ingredient; the brown color of such
bread may be due to caramel coloring. Bread la-
beled “multigrain” may simply mean that the bread
contains mainly refined wheat flour with small
amounts of oatmeal, rye, or whole wheat. The label
should indicate whether caramel coloring has been
added to give the bread a more wholesome appear-
ance. One slice of whole wheat bread typically pro-
vides 70 calories; protein, 3 g; carbohydrates 12.7 g;
fiber, 3.17 g; fat, 1.2 g; iron, 0.96 mg; sodium, 180
mg; thiamin, 0.1 mg; riboflavin, 0.06 mg; and
niacin, 1.07 mg. One slice of white, enriched bread

typically provides 65 calories; protein, 2.1 g; carbo-
hydrate, 12.2 g; fiber, 0.68 g; fat, 1 g; iron, 0.71 mg;
sodium, 129 mg; thiamin, 0.12 mg; riboflavin, 0.08
mg; and niacin, 0.94 mg.

breadfruit (Artocarpus communis; A. altilis) The
starchy fruit of a tree belonging to the mulberry
family, which originated in southern Asia and Poly-
nesia. Historically, breadfruit was a dietary staple
among Asians and Pacific Islanders, and in Tahiti
and other islands of the South Pacific breadfruit has
a legendary importance. From its early origins in
Southeast Asia it spread to Hawaii, and Europeans
transported it to the Caribbean in the late 18th cen-
tury. It is now grown from India to Jamaica. The
closely related jackfruit is more widespread because
it is hardier.

The egg-shaped fruit has a thick, pebbled skin
and can weigh up to five pounds. The starchy flesh
has a breadlike texture; its nutrient content is sim-
ilar to that of wheat bread and it is eaten as a veg-
etable. The white to yellowish pulp sweetens as it
ripens. When green, breadfruit tastes like potato.
As it ripens, breadfruit resembles the sweet potato
and is used similarly.

Canned or frozen breadfruit is available in mar-
kets catering to ethnic cuisines. Breadfruit with
seeds can be eaten raw, or the seeds can be roasted
like chestnuts. All seedless varieties must be cooked
to be palatable. Breadfruit can be cooked like pota-
toes in recipes. It is boiled or roasted and can be
added to stews and cooked as fritters. The ripened
fruit can be baked as a pudding. Uncooked bread-
fruit (100 g) provides 114 calories; protein, 1.1 g;
carbohydrate, 27.1 g; fiber, 1.5 g; fat, 0.23 g; thi-
amin, 0.34 mg; riboflavin, 0.17 mg; niacin, 2.1 mg;
vitamin C, 26 mg.

breakfast The first meal of the day usually ends
the six- to 10-hour fast due to sleep. During slum-
ber, blood sugar levels are maintained by the liver
through the breakdown of glycogen (the storage
polymer of glucose) and the synthesis of glucose
from amino acids. Breakfast provides energy and
replenishes glucose stores.

Meal skipping is an emerging pattern; roughly a
quarter of the U.S. population claims to never eat
breakfast. Breakfast skipping is most prevalent
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among 19- to 34-year-olds, while consistent break-
fast eaters seem to be older. For those who eat
breakfast, often it is a high-calorie meal. Consider a
typical American breakfast that provides more than
600 calories, with 40 percent of the calories from
fat and more than 500 mg of cholesterol: two fried
eggs (200 calories, 8 g fat), two slices of buttered
white bread (220 calories, 9 g fat); coffee with 1
tablespoon cream with sugar (46 calories, 3 g fat);
two slices of bacon (86 calories, 8 g fat)—rounded
out with a glass of orange juice (90 calories). Such
a breakfast can be converted to a low-fat meal with
simple changes: two poached eggs (164 calories,
5.8 g fat); one cup of decatfeinated coffee with low-
fat milk (12 calories); a large orange (58 calories);
and two rice cakes (70 calories) or a slice of whole
wheat toast without butter (70 calories)—total 304
calories, with 20 percent calories from fat. The cho-
lesterol remains at 476 mg; this could be cut in half
by eating a single egg.

The typical continental breakfast is a low-
cholesterol meal: a cup of tea (no calories) or a cup
of coffee with cream, 46 calories, 3 g fat; two but-
tered English muffins with honey or preserves, 373
calories, 7.6 g fat. Cholesterol from cream and but-
ter amounts to 72 mg.

breakfast cereal A food prepared from grains,
WHEAT, CORN, RICE, and OATS that is served hot or
cold at breakfast. The basic ingredients of cold,
ready-to-eat breakfast cereals have remained
unchanged from the 19th century; only the pro-
cessing of grain and the packaging has changed.
Some brands may add other grains, such as barley,
quinoa, or amaranth. Most flour used in breakfast
cereals is bleached. Grain is processed by being
pressed into feeders, shredded, and formed into
biscuits, extruded into a shape that appeals to the
consumer, or “pulped.”

The label on breakfast cereals supplies nutritional
information based on a serving size, usually 1 ounce
or only a quarter-cup. When estimating the actual
amounts consumed by individuals, it is important to
multiply the sopium, fat, and sugar content by the
number of servings actually eaten. Pouring half a
cup of whole milk on a bowl of cereal adds 4 grams
of fat and 75 extra calories. Skim milk adds 45 calo-
ries and no fat. Each adds 4 grams of protein.

Various additives are also used during process-
ing, including sweeteners (including table sugar or
corn syrup), salt, flavorings, preservatives, vita-
mins, or minerals. Nuts and raisins are other nutri-
tious additions to breakfast cereals. There is no
nutritional need to add sugar (sucrose) to cereals,
and several varieties do not contain added sugar:
puffed rice, puffed wheat, and shredded wheat.
These same cereals are the lowest in FIBER. At the
other extreme are cereals designed to appeal to
children’s attraction to sweets. Froot Loops and
Apple Jacks (Kellogg); Count Chocula (General
Mills); and Fruity Pebbles, Super Golden Crisp
(Post) provide about 13 grams (2.5 teaspoons) of
sugar per ounce of cereal. Many other cereals con-
tain more than 300 mg of sodium per ounce (more
than potato chips). Often cereals with the most
sugar contain the least salt.

The fiber in ready-to-eat breakfast cereals is
mainly wheat bran, which is essentially insoluble
fiber. The body needs both the insoluble and solu-
ble forms of fiber provided by a balanced diet. At
the top of the list of high-fiber cereals are All Bran
(Kellogg) with extra fiber and Fiber One (General
Mills), which provide 12 to 13 g of fiber per ounce.
Other bran cereals provide 5 to 6 g of fiber per
ounce. Some bran-enriched cereals also contain
sugar, however. The amounts of fiber in other typ-
ical cereals made with refined flour and without
bran are: cold oat cereals, 0.9 per cup; crisp rice,
0.12 g; corn flakes, 0.4 g.

With the growing consumer awareness of the
importance of whole grains, GRANOLAS have
become popular. These typically contain vegetable
oil to make them tastier. Thus a cup of commer-
cially prepared granola can easily provide 600 calo-
ries or more. Such granolas often contain saturated
fats and coconut and palm oils, although they can
still be described as “100 percent natural cereal” on
the label.

Hot breakfast cereals prepared from whole
grains include oatmeal, creamed wheat, creamed
rice, corn grits, and whole wheat cereals. Unless
fortified, the levels of calcium, vitamin A, thiamin,
riboflavin, and niacin in these cereals are generally
less than in fortified, ready-to-eat cereals. On the
other hand, hot cereals contain much less sodium,
unless it is added during preparation. Only the
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quick cereals, which are simply added to hot water,
contain substantial amounts of salt (240 to 260 mg
sodium per packet). The fiber content varies
depending upon the grain. Oatmeal or rolled oats
provide 9.2 g of fiber per cup in a mixture of solu-
ble and insoluble types of fiber. At the other end of
the scale is creamed wheat, which provides much
less fiber, 0.37 to 0.64 g per cup. (See also ACRY-
LAMIDE; BRAN, WHEAT; FOOD LABELING.)

Liebman, Bonnie, and Jayne Hurley. “How to Pick a
Cereal,” Nutrition Action Healthletter 22, no. 5 (June
1995): 11-13.

breast cysts Nodular breast cysts, usually affect-
ing both breasts, are associated with premenstrual
breast swelling and tenderness. Fibrocystic breast
disease is the most common disorder of the breast
and accounts for more than half of breast surgery in
the United States. An estimated 20 percent to 40
percent of women under age 50 have breast lumps.
Fibrotic cysts are not malignant, but the only way to
positively identify a lump is with a biopsy. The cause
of this condition is unknown, although apparently
an increased ratio of estrogen to progesterone
favors fibrocystic disease. The occurrence of cystic
breast disease often correlates with premenstrual
syndrome (PMS), ftamily history, exposure to estro-
gens from drugs and birth control pills, early men-
struation, late menopause, cigarette smoking,
glandular imbalances, and a diet high in SATURATED
FAT and calories.

Changing the diet may help prevent breast cysts.
A COMPLEX CARBOHYDRATE diet, with reduced con-
sumption of white FLOUR and SUGAR, reduced FAT
(especially SATURATED FAT and animal products),
and increased consumption of soy products
(ISOFLAVONES) may be advised. Eliminating CAFFEINE-
containing beverages and foods (COFFEE, TEA, COLA
SOFT DRINKS, CHOCOLATE, and COCOA) has been
reported to reduce breast tenderness. Caffeine and
related theophylline and theobromine ALKALOIDS
stimulate production of fibrous tissue and cyst
fluid. Vitamin E may relieve PMS symptoms, per-
haps by helping to normalize blood levels of hor-
mones. Thyroid hormone treatment may be
helpful. High fiber normalizes bowel function,
which may play a role in estrogen metabolism by
increasing estrogen excretion. Vitamin B complex

deficiency may also be linked to PMS and fibrocys-
tic breast disease. More research is needed to draw
firm conclusions regarding the efficacy of vitamins
B¢ and E.

Love, Susan M., and Karen Lindsey. Dr. Susan Love’s Breast
Book, 3d edition. New York: Perseus Books Group,
2000.

breast-feeding Feeding an infant with breast
milk. In general, health experts recommend breast-
feeding for four to six months after an infant’s
birth, when breast milk can supply all the baby’s
requirements. The American Academy of Pediatrics
recommends breast-feeding at least during the first
one to two weeks after birth because the milk that
is produced during this time, COLOSTRUM, contains
the mother’s antibodies, which protect the baby
while the immune system develops. Consequently,
breast-fed babies have a lower rate of diarrhea and
respiratory infections. Colostrum also contains a
unique blend of PROTEIN, FAT, and CARBOHYDRATE
for the newborn infant. Furthermore, initial breast-
feeding may enhance the return of the mother’s
uterus and body to the nonpregnant state.
Breast-feeding offers many advantages. Bonding
between mother and child is strengthened by nurs-
ing, and studies indicate that this promotes the
child’s healthy development. Breast-feeding can
help the infant’s digestive system mature faster and
take up nutrients more efficiently. Breast milk
helps feed the infant’s digestive tract with friendly
bacteria to minimize intestinal infections. Breast-
feeding and postponing the introduction of solid
foods may decrease the risk of food allergies.
Breast-feeding affords advantages beyond
infancy, including a decreased risk of childhood
cancer, Crohn’s disease, ear infections, and respira-
tory infections. ALCOHOL, nicotine, CAFFEINE, mari-
juana, and certain medications pass into breast
milk and may affect a baby’s development. There-
fore, medications not approved by a physician
should be avoided while nursing. Drinking more
than a quart of cow’s milk a day can introduce cow
protein into the mother’s own milk, causing an
allergy. In some babies colic is caused by cow’s milk
proteins that pass through the mother’s milk.
Breast-feeding also has advantages for the
mother. Studies have shown that the longer a
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woman breast-feeds her children, the lower her
risk for developing breast cancer. Studies suggest
that a woman’s breast cancer risk decreases by
about 4.3 percent for every year she breast-feeds.

Milk production is a major metabolic burden to
the mother. The nursing mother needs consider-
ably more calories to produce milk composed of
energy-rich nutrients, protein, fat, and carbohy-
drate than nonlactating women. Together, these
nutrients represent an energy content of 670 to
770 calories per liter of human milk. Assuming a
maternal efficiency conversion factor of 80 percent,
and a daily milk production of 750 ml (0.75 1),
approximately 600 extra calories per day are
required by the lactating woman.

The mother’s physiology changes during breast-
feeding so she can use her fat stores gained during
pregnancy to help provide the extra calories
needed for lactation. Consequently an average of
500 calories per day is recommended during lacta-
tion for women whose gestational weight gain was
normal. This metabolic shift may explain the typi-
cal problem of weight gain after pregnancy.

Certain nutrient needs increase from their preg-
nancy levels. The nursing mother needs more pro-
tein (65 vs. 60 mg daily); more vitamin A (1,300 vs.
800 mcg); vitamin E (12 mg vs. 10 mg); more vita-
min C (95 mg vs. 70 mg); and other vitamins and
minerals. From the B COMPLEX, the nursing mother
needs thiamin, 1.6 mg; riboflavin, 0.8 mg; niacin,
20 mg; vitamin B, 21 mg; folacin, 280 mg; and vit-
amin B,, 2.6 mcg. Also needed are vitamin C (95
mg) and the MINERALS calcium, 1,200 mg; phos-
phorous, 1,200 mg; magnesium, 355 mg; zinc, 19
mg; iodine, 200 mcg; and selenium, 75 mcg; and
vitamin D, 10 mcg; and vitamin K, 65 mg. The diet
should include MEAT, FIsH, and POULTRY, dried beans
and peas for protein, fat, and minerals; fruits and
vegetables for fiber and vitamins A and C; complex
carbohydrates like pasta, brown rice, and whole
wheat bread for energy and trace minerals.
Requirements for calcium may be too great to be
met without supplements.

In spite of the clear benefits of breast-feeding
and the recommendation of health experts, breast-
feeding declined in the 1980s in the United States.
Among African-American women the rate fell
from 33 percent to 23 percent during that time.

Rather than a reflection of a larger percentage of
women in the workforce, public health officials
propose that other factors are involved: Hospitals
do not provide enough support for breast-feeding,
and free formula is provided to low-income moth-
ers under the Woman, Infants, and Children Pro-
gram. However, extra food coupons are also issued
to women who are breast-feeding, and consultants
are available to breast-feeding clients. The choice to
breast-feed involves different behavior and possibly
changes in attitudes that can simplify the process.
Resources are available for the expectant mother,
including the La Leche League International, and
she can enlist the support of her family and med-
ical staff. Many health-care professionals do not
know the basics of breast-feeding management.
Limited evidence seems to indicate that breast-
feeding is declining in low-income countries
worldwide. For example, weaning seems to occur
earlier in Latin America. In some countries, Jordan
and Kenya among them, the levels of breast-feed-
ing may be low enough to affect child health and
mortality.

Regarding introduction of cow’s milk, experts
recommend that infants receive either breast milk
Or INFANT FORMULA for the first 12 months. When
the baby is 12 months or older, whole milk may be
used to substitute formula or breast milk, although
optimally cow’s milk could be withheld until the
infant is two years old. The high casein content of
cow’s milk can increase gastrointestinal bleeding
and lead to ANEMIA if introduced too soon.

Sears, Martha, and William Sears. The Breastfeeding Book.
New York: Little, Brown, 2000.

breast milk Breast milk is optimally balanced to
nurture the infant during the first months. It is rich
in sugar lactose and has substantial fat (3.8 percent)
for efficient energy production. Human MILK con-
tains both essential fatty acids (linoleic and
linolenic), easily digested protein, and a high level
of free amino acids and other nonprotein nitro-
gen (25 percent of the total nitrogen). Special prod-
ucts like CARNITINE and TAURINE, believed to be
important in infant metabolism, are present. The
cholesterol content is relatively high, reflecting its
importance in early development. Breast milk is rel-
atively low in sodium and minerals, in accord with
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the limited capacity of the infant’s immature kid-
neys to handle dissolved substances. The iron con-
tent, although low, is highly absorbable. Zinc, too, is
better absorbed from breast milk. The calcium-to-
phosphorus ratio is ideal for calcium absorption.
The vitamin content (including vitamin C) to sup-
port infant growth is ample. Vitamin D content is
low, although adequate for a normal-term infant.

The importance of omega-3 fatty acids in infant
nutrition is suggested by the high level of the
polyunsaturated fatty acid, DOCASOHEXAENOIC ACID
(DHA), required in brain growth and development
of the retina. DHA cannot be formed by preterm
infants because their livers are not mature enough
to synthesize it from essential fatty acids. Breast
milk contains a complex mixture of hormones and
growth factors, whose role in infant development is
poorly understood. Thus milk contains unusually
high levels of gonadotropin-releasing hormone,
which could affect development of the newborn’s
sex organs. It also contains the hormone melato-
nin, possibly regulating the infant’s internal clock;
oxytocin, which could promote bonding between
infant and mother; and thyroid hormones, which
could stimulate the infant’s immune system. Breast
milk provides endorphins, which act as pain-killers
and growth factors—nerve growth factor, epider-
mal growth factor, and insulin-like growth factor—
that regulate development of the brain and
digestive organs.

Pollutants in Breast Milk

Breast milk often contains traces of environmental
pollutants, including pesticides and herbicides;
industrial chemicals such as halogenated hydrocar-
bons (PBBs, PCBs, dioxin, cleaning solvents); and
toxic heavy metals (cadmium, lead, mercury).
These pollutants are insidious: They are odorless
and colorless, they are not biodegradable, and they
accumulate in animals and fish and in the people
who eat them. Many pollutants slowly leave the
body when there is no further exposure, while the
body may accumulate halogenated hydrocarbons
and toxic heavy metals (mercury and cadmium)
throughout life.

The fetus and infant are very sensitive to halo-
genated hydrocarbons and toxic heavy metals. Sig-
nificant exposure to these industrial chemicals
increases the risk of cancer, abnormalities, and

learning disabilities in children. The effects of
chronic exposure to trace levels of these materials
and whether there are any additive effects due to
exposure to mixtures of pollutants, are not
known. The UN’s World Health Organization, the
EPA and the La Leche League International argue
that the advantages of breast-feeding outweigh
any potential disadvantages. Concerned mothers
can have their milk tested at their local health
department.

Pregnant and nursing women may be advised to
minimize exposure to toxic pollutants by avoiding
certain ocean fish (shark, ocean perch, halibut,
striped bass, bluefish, and swordfish) that are most
likely to be contaminated. Among freshwater
fish, catfish, brook and lake trout, freshwater perch
and bass, walleye pike, and whitefish caught in
polluted waters are likely to be contaminated.
Washing vegetables thoroughly and consuming
homegrown produce or certified organic produce
reduce exposure to pesticides. (See also ACIDOPHI-
LUS; BIFIDUS FACTOR; INFANT FORMULA.)

Angier, Natalie. “Mother’s Milk Found to be Potent Cock-
tail of Hormones,” New York Times, May 24, 1994.

brewer’s yeast (Saccharomyces cerivisiae) A sin-
gle-celled organism related to molds and fungi that
ferments sugars to ethanol (ALCOHOL) under anaer-
obic conditions. Brewer’s yeast is a by-product of
BEER and ale production. It is used as a nutritional
yeast when grown in the presence of VITAMIN B,
and other nutrients. This yeast is an excellent
source of PROTEIN, B COMPLEX, IRON, and other nu-
trients, including organically complexed chromium
in the form of GLUCOSE TOLERANCE FACTOR. Unlike
BAKER’S YEAST, which is not a rich source of vita-
mins and minerals, nutritional yeast does not
contain living cells. Yeast products are not recom-
mended for those with yeast infections. One table-
spoon of dry brewer’s yeast provides 25 calories;
protein, 3.1 g; carbohydrate, 3.1 g; calcium 6 to 60
mg; iron, 1.4 mg; zinc, 0.63 mg; thiamin, 1.25 mg;
riboflavin, 0.34 mg; and niacin, 3.16 mg.

brine A concentrated solution of table salt
(sodium chloride) used to preserve vegetables, FISH,
and MEAT. A pickling brine can be prepared by dis-
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solving 50 g table salt in 500 ml (1 pint) of water.
Vegetables such as cauliflower and cucumber
soaked overnight are usually stored in pickling
spices and vinegar. (See also SODIUM.)

broad bean (Vicia faba; fava bean, horse bean) A
large, flat bean resembling a lima bean that is cul-
tivated as a staple food, as well as animal fodder,
worldwide. Its origins can be traced to Africa,
where broad beans were cultivated by ancient
Egyptians perhaps 4,000 years ago. Ancient Greeks
recommended broad beans for improved athletic
performance. Broad beans are a part of traditional
Mediterranean cuisine and are a very popular food
in the Middle East.

Broad beans occur in flat pods that can be very
large, up to 18 inches long. Fresh, shelled beans
should be thoroughly cooked, and the outer layer
or skin is often removed. Varieties of broad beans
may be green, brown, or white after cooking.
Young pods are cooked like green beans. Dried
beans are usually soaked overnight and then
cooked, with or without the skin. Broad beans are
to be avoided by individuals who have an inherited
sensitivity called FAvism. This hemolytic syndrome
(breaking down red blood cells) occurs in people of
the Mediterranean regions (Sardinia, southern
Italy, Greece, Turkey, Cyprus, and Egypt), in Iran
and in China. In severe cases, ingestion of fresh
broad beans can cause hemolytic anemia, an ane-
mia caused by the rupture of fragile red blood cells.
The toxic factors are apparently small, nonprotein
compounds, vicine and convicine. The dried flat
beans are rich in protein, fiber, B vitamins, and
trace minerals. Uncooked broad beans contain (100
g): 76 calories; protein, 3.2 g; carbohydrate, 14.7 g;
fiber, 1.7 g; fat, 0.5 g; calcium, 26 mg; vitamin A,
13.5 retinol equivalents; thiamin, 0.34 mg;
riboflavin, 0.17 mg; niacin, 2.1 mg.

broccoli (Brassica aleracea) A dark-green veg-
etable with small, tight heads (curds) mounted on
stemlike buds. A member of the cabbage (Brassica)
family of CRUCIFEROUS VEGETABLES, closely related
to CAULIFLOWER and BRUSSELS SPROUTS. Broccoli is
one of the most popular vegetables of this group.
Both stems and heads are edible. Broccoli origi-
nated in Italy, where the name is derived from the

Italian word broccolo, meaning a cabbage sprout,
and was first cultivated in the 17th or 18th century.
Broccoli and other cruciferous vegetables pro-
duce nitrogen-containing materials called indoles
and ISOTHIOCYANATES that may reduce the risk of
some forms of CANCER. Indoles seem to stimulate
LIVER enzymes that modify the female hormone
ESTROGEN, making it less active and possibly reduc-
ing the risk of breast cancer. Researchers recently
discovered that sulforaphane killed HELICOBACTER
PYLORI, a bacteria that causes stomach ulcers and
stomach cancer, in mice. Scientists hope to dupli-
cated these results in human studies. Broccoli and
other cruciferous vegetables also contain sulfur
compounds that stimulate the liver to produce
detoxifying enzymes that help block the action of
cancer-causing agents. Of particular interest is SUL-
FORAPHANE, which specifically increases the level of
so-called phase 2 detoxication enzymes, which
attach highly water-soluble chemicals such as glu-
tathione, taurine, glycine, and sugar derivatives to
altered toxins so they can be more readily excreted.
Broccoli is also an excellent source of FIBER, vita-
min A precursor (BETA-CAROTENE), and vitamin C,
and it contains ample amounts of folic acid, niacin,
iron, and calcium. The most common kind in the
United States is called Italian green broccoli. One
cup chopped and cooked (156 g) provides 46 calo-
ries; protein, 4.6 g; carbohydrate, 8.7 g; fiber, 6.4 g;
calcium, 178 mg; iron, 1.8 mg; vitamin A, 220
retinol equivalents; thiamin, 0.13 mg; riboflavin,
0.32 mg; niacin, 1.18 mg; and vitamin C, 98 mg.

bromelain A protein-digesting enzyme from
pineapple. This enzyme occurs in the stems and
fruit. Commercial sources come from Taiwan,
Japan, and Hawaii. Because fresh pineapple con-
tains this enzyme, neither fresh pineapple nor
pineapple juice can be used in gelatin-containing
desserts and salads; the gelatin would be broken
down.

Bromelain is used as a MEAT TENDERIZER and as a
digestive aid when taken with meals. Bromelain is
an effective substitute for pancreatic enzymes
when their production is inadequate. It may be
more effective when combined with pancreatin, a
preparation of digestive enzymes from hog pan-
creas, and bile. Bromelain can inhibit blood platelet
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aggregation and improve angina pain and several,
inflammatory conditions. Orally administered bro-
melain seems to reduce swelling, bruising, pain,
and healing time due to injuries. Bromelain
inhibits platelet aggregation and increases fibro-
molytic activity (“clot busting” effect); conse-
quently, it has been used to treat thrombophlebitis,
a potentially dangerous condition due to blood
clotting. In addition, it has been used to treat respi-
ratory congestion and rheumatoid ARTHRITIS.
Bromelain could possibly increase the risk of bleed-
ing in patients taking blood thinning drugs and
aspirin. (See also DIGESTION; DIGESTIVE ENZYMES.)

brominated vegetable oil (BVO) A roop ADDI-
TIVE used by soft drink manufacturers to disperse
flavoring oils in fruit-flavored beverages and to
render them cloudy to create an illusion of thick-
ness. Vegetable oils, including COTTON-SEED OIL,
CORN OIL, and OLIVE OIL, can be chemically modified
by bromine.

Long assumed to be safe, BVO was used exten-
sively in North America until a Canadian report
demonstrated that BVO has caused organ damage
in experimental animals. BVO residues accumulate
in human tissues, but the long-term effects are
unknown. BVO is no longer classified as a GENER-
ALLY RECOGNIZED AS SAFE food additive by the U.S.
EDA, which had granted interim approval in 1970.

bronchi The two main branches of the trachea
that form the major air passageways of the lung.
Each bronchus joins to bronchial tubes, smaller
branches further into the lung. Each bronchial tube
in turn branches into bronchioles, even smaller
subdivisions of the air passageway, where gas
exchanges occur. Oxygen required by the body is
absorbed, while the waste product of oxidation,
carbon dioxide, diffuses from red blood cells into
expired air.

Foreign objects such as seeds, nuts, or bran can
lodge in the bronchi and cause diseases such as
bronchitis or lung abscesses. ANAPHYLAXIS, shock
due to a severe allergy attack affecting the entire
body, can lead to labored breathing with spasming
and contraction of smooth muscle surrounding the
bronchioles. (See also ALLERGY.)

brown rice Unpolished rice after the husk has
been removed. Brown rice retains bran and GERM,
which provide most of the nutrients, as well as
FIBER. Much of the fiber is cellulose and is found
chiefly in the outer bran layer. Starch occurs in the
internal portion (endosperm) of the GRAIN, which
has much less fiber. The higher cellulose content is
the major reason brown rice needs to be cooked
about twice as long as white rice. Brown rice
retains lectins, a class of protein that bind to cell
surfaces. This protein may be the cause of allergic
reactions to brown rice. Brown rice has a delicate,
nutlike flavor. The cooking time is approximately
45 minutes. One cup cooked (195 g) provides 233
calories; carbohydrate, 49.7 g; protein, 4.9 g; fiber,
3.9 g; calcium, 23 mg; iron, 1.17 mg; niacin, 2.73
mg; thiamin, 0.18 mg; riboflavin, 0.04 mg.

brown sugar Table sugar colored with a little
molasses or caramelized sugar. Classified as a
refined CARBOHYDRATE, brown sugar supplies EMPTY
CALORIES, like other purified sweeteners. Brown
sugar is nutritionally equivalent to table sugar. The
nutrient content of one tablespoon is 52 calories;
carbohydrate, 15.6 g; calcium, 12 mg; potassium,
48 mg; and only traces of other minerals.

brussels sprouts (Brassica oleracea) A vegetable
of the cabbage family (CRUCIFEROUS VEGETABLES),
characterized by a stem with rows of small heads
resembling miniature cabbages. Brussels sprouts
are one of the seven vegetables developed from the
wild cabbage native to northwestern Europe. The
cruciferous vegetables in general possess cancer-
inhibiting properties, as shown by experiments
with animals and by population studies. This seems
to be due to their content of materials that block
cancer-causing agents; FIBER, VITAMIN C, and BETA-
CAROTENE. In addition indoles, nitrogen-containing
compounds occurring in cruciferous vegetables,
seem to block the action of estrogen and reduce the
risk of breast cancer, while ISOTHIOCYANATES, sulfur-
containing compounds, stimulate liver enzymes
that block the action of carcinogens. One cup
(cooked, 156 g) contains 60 calories; protein, 6 g;
carbohydrate, 13.5 g; fiber, 5.62 g; fat, 0.8 g; iron,
1.88 mg; beta-carotene, 112 retinol equivalents;
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niacin, 0.95 mg; thiamin, 0.17 mg; riboflavin, 0.12
mg; vitamin C, 97 mg.

buckwheat A seed with a nutlike flavor used like
a cereal grain. Buckwheat is not a true grain, nor is
it related to wheat, which belongs to the grass fam-
ily. Buckwheat is native to Siberia and Manchuria
and was grown extensively in China for thousands
of years. Three common varieties are Silverhead,
Tartary, and Japanese. Regions of the former Soviet
Union are major producers; other important pro-
ducers include Poland, France, Canada, and the
United States, where production has steadily
declined.

Buckwheat can be a suitable wheat substitute
for those sensitive to wheat protein (GLUTEN). How-
ever, for patients with CELIAC DISEASE (severe
gluten sensitivity) buckwheat may be excluded
from the diet, in addition to the cereal grains.
Buckwheat has a high level of fiber and protein,
though not of the quality of AMARANTH or QUINOA.
Buckwheat flour has a distinctive flavor that can
add variety to grain dishes. In the United States,
buckwheat flour is often used in griddle cakes
(pancakes). Buckwheat groats (kernels from which
the hull has been removed) are roasted and served
like rice in a traditional dish called kasha in the
Soviet Union and Poland. Food value of 1 cup (175
g) has: calories, 586; protein, 20.5 g; carbohydrate,
128 g; fiber, 15.6 g; fat, 4.2 g; calcium, 200 mg;
iron, 6.7 mg; zinc, 4.4 mg; thiamin, 1.1 mg; niacin,
7.7 mg; riboflavin, 0.26 mg.

buffer A substance that resists changes in the pH
of a solution. A buffer system protects a solution
against large fluctuations in hydrogen ion concen-
tration by compensating for increased acidity (addi-
tional hydrogen ions that would normally lower
the pH), as well as for increased alkalinity (due to
bases that would raise the pH).

The constancy of the pH of body fluids is criti-
cally important for the normal functioning of
enzymes. Small changes in hydrogen ion concen-
tration (pH) can change the overall electrical charge
on enzymes, alter their shape and thus usually
inhibit their catalytic function. Other processes,
such as the transmission of nerve impulses and ion

transport across membranes into cells, are also
exquisitely sensitive to changes in pH.

The major buffers in the blood are serum pro-
teins, HEMOGLOBIN, BICARBONATE, and phosphate.
They maintain the pH of blood and body fluids
near neutrality (pH 7.4) and thus help regulate
acid-base balance. The bicarbonate buffer system is
constantly resupplied by the body from carbon
dioxide produced by metabolism. Nonetheless,
these buffers have limitations, and they can be
overwhelmed by the excessive production of acid
(Aciposis) that accompanies STARVATION and
uncontrolled diabetes or by excessively alkaline
blood (ALKALOSIS) that accompanies hyperventila-
tion (panting), for example. Persistent acidosis,
alkalosis, and imbalanced electrolytes can pose
long-term health hazards and require medical
attention.

bulgur See wHEAT.

bulimia nervosa An EATING DISORDER character-
ized by repeated binge eating, usually in secret and
often followed by purging. The number of cases of
bulimia in the United States has increased dramat-
ically since 1970. About 5 million Americans, and
perhaps as many as 5 percent of adolescent
women, binge and purge to some extent. Bulimics
typically engage in repeated episodes of binge eat-
ing followed by self-induced vomiting, fasting, the
use of LAXATIVES or DIURETICS and/or EXERCISE to
lose weight. The use of laxatives or diuretics to lose
weight is potentially life-threatening because these
methods cause losses of ELECTROLYTES (SODIUM,
POTASSIUM, CHLORIDE) and water that may severely
affect brain and heart functions. A bingeing indi-
vidual can consume the equivalent of three normal
meals in an hour. The symptoms of bulimia
include: bingeing and purging for months or years;
a fear of not being able to stop eating; eroded tooth
enamel and cavities from vomited STOMACH ACID;
DEHYDRATION; antisocial behavior (such as eating
alone); an obsession with food-related activities
(like supermarket shopping or cooking); erratic
eating; suppression of emotional vulnerability;
chronic heartburn (from esophageal reflux);
abdominal distension and gas; indigestion; under-
nutrition; and lower levels of body FAT.
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There are about four times as many bulimics as
there are anorexics. As in ANOREXIA NERVOSA, typi-
cal bulimic patients are young women obsessed
with the fear of obesity. They fear being unloved,
being judged in terms of their appearance and
degree of success. Food, eating, and weight control
become obsessions, dwarfing other areas of their
personal lives. Bulimics often have low self-esteem.

Evidence suggests a biochemical component in
some instances of this disorder. Bulimics often do
not reach satiation after eating, and some bulimic
women seem to make less of CHOLECYSTOKININ, a
hormone that promotes a sense of satiation. Eating
may also increase the level of DOPAMINE, a neuro-
transmitter in a region of the brain (nucleus
accumbens) that triggers pleasure and satiation.
High levels of the hormone vasopressin (ANTIDI-
URETIC HORMONE) are found in women with
bulimia. This hormone is normally released in
response to STRESS.

Bulimia can be controlled. Physical assessment
and a return to a balanced diet are important in
increasing a person’s sense of well-being. As with
any compulsive behavior, a person with an eating
disorder needs supportive therapy from profes-
sional counselors in dealing with social, psycholog-
ical, familial, nutritional, and physiologic factors. A
nutritional program should include well-planned
meals that are nutritionally balanced. Nutritional
deficiencies may be remedied by supplementation
as needed. In this regard, subclinical zinc deficien-
cies have been associated with eating disorders.
The program specifies ongoing nutritional counsel-
ing to help the patient control behaviors that could
trigger binge-purge behaviors. The American
Anorexia/Bulimia Association and the National
Association of Anorexia Nervosa and Associated
Disorders provide resources. (See also COMPULSIVE
EATING.)

Fairburn, Christopher. Overcoming Binge Eating. New York:
Guilford Press, 1995.

bulking agents See FIBER.

butter A saturated animal FAT (butterfat)
obtained from MILK and cream. Butter is the fat
from pasteurized cream and milk that has been

solidified by churning. Butter contains 81 percent
fat, 16 percent to 18 percent water, and other
ingredients such as casein, lactose, and salt. The salt
content varies with the brand. The yellow color of
butter is due to BETA-CAROTENE, which comes from
the plants eaten by the cow. In winter, fodder is
more likely to be grain, which lacks beta-carotene,
and butter is white; the yellow coloring agents,
such as beta-carotene and ANNATTO seed extract,
are added to maintain a yellow color year-round.

Butter is graded by the U.S. Department of Agri-
culture (USDA) according to its flavor, butterfat
content, purity, and keeping quality, among other
characteristics. U.S. Grade AA is a score of 93 and
represents 80 percent or more butterfat.

Average annual consumption is about four
pounds for each American, about a third as much
as margarine, and is used in sauteing, frying, and
baking. Like all oils, butter should be refrigerated to
prevent rancidity (oxidation and decomposition).
Sweet butter or unsalted butter are available for
those on a salt-restricted diet. Whipped butter con-
tains air as a filler, yielding only two-thirds of the
CALORIES of regular butter. Spreadable butter was
developed by the dairy industry as an alternative to
margarine. Like regular butter, this product is made
from cream and milk and with beta-carotene for
coloring. However, it contains additional finely dis-
persed water. Because it has more water, spread-
able butter has less fat, fewer calories, and less
cholesterol than butter or regular margarine. Typi-
cally the content of one tablespoon (14 g) of regu-
lar butter is 101 calories; protein, 0.12 g;
carbohydrate, 0.08 g; fat, 11.5 g; cholesterol, 31
mg; vitamin A, 825 retinol equivalents; sodium,
933 mg.

butter, clarified (ghee) A butter from which milk
solids have been removed. Clarified butter is pre-
pared by melting butter briefly to coagulate milk
solids; the butter that floats to the top is clarified.
Clarified butter is a basic ingredient of Indian
cooking; the term ghee or ghi is Hindustani for
“clear butter.” It is stable for extended periods at
room temperature and in hot climates without
refrigeration. Although some claim that ghee is
more nutritious than butter, clinical studies to back
this claim are lacking. Clarified butter is used when



102 butterfat

cooking at higher temperatures because it is less
likely to burn or scorch than whole butter. On the
other hand, clarified butter lacks much of the but-
tery flavor of casein, the protein component. One
tablespoon contains 100 calories. Like butter, the
fat is classified as saturated.

butterfat The FAT in cow’s MILK and cream, which
is classified as a SATURATED FAT because it contains
65 percent saturated FATTY ACIDS. It finds several
uses in the food industry. Anhydrous butterfat,
from which most of the water has been removed, is
used commercially to reconstitute liquid dairy
products and to prepare SHORTENING for special
cooking purposes.

Fractional crystallization of butterfat can pro-
duce both a higher melting fraction and a lower
melting fraction. The higher melting fraction is
used to prepare ICE CREAM and CHOCOLATE, while
the lower melting fraction is combined with whole
butter to increase its spreadability.

butter-flavored granules Several products (sprin-
kles or granules) are available that supply a butter
flavor to foods with even fewer calories than diet
margarine. These products can be used with moist
foods such as vegetables and cooked cereals, rather
than dry foods. They cannot be used in sauteing
because the granules break down when heated,
and they contain very little oil. Typical ingredients
include salt, partially hydrogenated vegetable oil,
and butter flavor with annatto and turmeric as col-
oring agents. One half-teaspoon provides four calo-
ries.

buttermilk  Originally, this was the sour liquid
remaining after cream had been separated after

churning. Modern preparation of buttermilk usu-
ally employs pasteurized skim milk to which lactic
acid-producing bacteria are added to develop the
characteristic flavor through fermentation. Lactic
acid formed by fermentation precipitates milk pro-
tein, so buttermilk has a thicker consistency than
regular milk. Cream or butter is added in commer-
cial products. Buttermilk is often used in recipes in
place of sour milk for Biscuits, rolls, waffles, and
the like, as well as in frozen desserts. One cup (245
g) provides 99 calories; protein, 8.1 g; carbohy-
drates 11.7 g; and butterfat, 2.16 g.

butylated hydroxyanisole See BHA.

butylated hydroxytoluene Sece BHT.

butyric acid (butyrate) An acid produced by the
bacterial degradation of FIBER in the colon. Gut bac-
teria ferment undigested carbohydrate into a fam-
ily of small saturated fatty acids, acetic acid, and
propionic acid, in addition to butyric acid.

A small amount of butyric acid is present in the
diet. Butyric acid occurs in MILK, and BUTTER con-
tains 3.3 percent butyric acid. Butyric acid and
other short-chain fatty acids are taken up by the
intestine to be used for energy. It is estimated that
the breakdown of short-chain fatty acids pro-
duced by colonic bacteria can satisfy 5 percent to
10 percent of the body’s total energy require-
ments.

Butyric acid is an important energy source for
the cells lining the coLON, where it seems to assist
their normal development and maintenance.
Butyric acid seems to reduce chronic inflammatory
conditions of the colon, and high fecal levels corre-
late with decreased risk of colon cancer.



cabbage (Brassica oleracea capitala) A widely
cultivated CRUCIFEROUS VEGETABLE with a compact
head and overlapping leaves, related to BROCCOLI
and BRUSSELS SPROUTS. There are hundreds of vari-
eties of cabbage that differ in shape, color, and leat
texture, in either loose or firm heads. Colors range
from white and green to purple. In the United
States, the most popular varieties are green, red,
Savoy, bok choy, and Napa.

Cabbage was originally cultivated 2,500 years
ago in western Europe, where wild cabbage still
grows. It was first used as a medicinal herb. Sauer-
kraut, or pickled cabbage, has been in use at least
since 200 B.C. in China, when it was a staple of the
diet for laborers building the Great Wall.

Cabbage and related vegetables contain com-
pounds with potential anti-CANCER effects in
experimental animals, such as ascorbic acid (vITA-
MIN C), an ANTIOXIDANT. A family of nitrogen-con-
taining compounds called indoles may act as
antioxidants; they also seem to speed the rate at
which ESTROGEN, a female hormone, is inactivated.
(Estrogen can stimulate the growth of breast can-
cer.) Cabbage also contains certain sulfur com-
pounds called thiourea and thiocyanates, which
may impede the assimilation of IODINE and THYROID
hormone formation when consumed in excessive
amounts. Raw cabbage juice has been used to heal
ulcers.

Raw cabbage is used in coleslaw or cabbage
salad. When prepared with mayonnaise, it can
become high-fat fare. Cabbage can be cooked in
many ways—baked, sauteed, stewed, and
steamed—and the leaves can be stuffed with meat
or grains and tomatoes. To preserve its vitamin and
mineral content, cabbage should never be over-
cooked. To avoid the disagreeable odor sometimes
associated with cooked cabbage, cabbage should be

C

young and fresh and cooked rapidly. ALUMINUM
cookware should be avoided as it promotes the
release of pungent compounds; older cabbage and
stored cabbage acquire stronger flavors. Raw cab-
bage (shredded, 1 cup, 70 g) provides 16 calories;
protein, 0.8 g; carbohydrate, 3.9 g; fiber, 1.6 g; iron,
0.4 mg; thiamin, 0.04 mg; riboflavin, 0.02 mg;
niacin, 0.21 mg; and vitamin C, 33 mg. (See also
FOOD TOXINS; GOITROGENS.)

cacao (Theobroma cacao) An evergreen tree
cultivated in tropical America that produces cacao
beans, the source of cocoA and CHOCOLATE. Each
pod contains 25 to 40 beans, which vary in shape
and color, depending on the variety. Cocoa produc-
tion begins when the harvested beans are stored in
mounds to permit bacterial fermentation. This
destroys the fruity pulp and germ and develops the
characteristic color, aroma and flavor of the cacao
bean. The beans are then washed, dried, and
roasted. The raw material for cocoa products and
chocolate is cocoa paste, prepared by grinding the
fermented beans.

cachexia Severe wasting characterized by the
progressive loss of body fat and lean body mass
(skeletal muscle). Profound weakness, loss of
appetite, and anemia accompany this wasting syn-
drome. Its causes are unknown. A fever-induced,
increased rate of metabolism may account for
some of the weakness. Internal bleeding from
intestinal defects may account for anemia, and
reduced food intake is associated with anorexia and
a change in the sense of taste. (See also CATABOLIC
STATE; CATABOLISM.)

cactus See PRICKLY PEAR CACTUS.
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cadmium A toxic, HEAVY METAL pollutant. Ciga-
rette smoke provides low levels of exposure. Drink-
ing WATER can be contaminated when water
leaches cadmium from galvanized or black poly-
ethylene water pipes. Cadmium contaminates the
food supply, a reflection of widespread low-level
distribution from PESTICIDES, industrial waste, and
tires, in addition to smoke from incinerator plants
and coal-fired plants. Oysters contain unusually
high levels of cadmium; three to four parts per mil-
lion have been recorded. It is a natural contami-
nant of phosphate fertilizers and is easily taken up
by plants. Livestock grazing on these plants become
contaminated with cadmium, and humans eating
BEEF accumulate cadmium because it is not readily
excreted in urine or feces. This is a concern because
trace amounts of cadmium cause HYPERTENSION,
heart abnormalities, and toxic effects on reproduc-
tive organs in experimental animals. Severe symp-
toms (bronchitis, emphysema) develop in people
exposed to cadmium at levels only 10 times more
than the average daily exposure. Cadmium expo-
sure may also increase bone loss in post-
menopausal women, thus increasing the risk of
OSTEOPOROSIS. The mechanism of cadmium toxicity
is not understood, though it can block the use of
the trace mineral nutrient, zZINC. (See also LEAD;
MERCURY.)

caffeine A bitter ALKALOID (methylxanthine)
occurring in more than 60 plants, including tea
leaves, COFFEE beans, cocoa beans, and kola nuts.
Up to 90 percent of the adults in North America
consume caffeine regularly, provided mostly by
coffee. Caffeine is the most widely consumed
compound in the world that affects the nervous
system.

Catfeine is water soluble and is rapidly absorbed
by the body. During pregnancy, it enters the pla-
centa and can affect placental function. Catfeine
even enters breast milk. Caffeine stimulates the
ADRENAL GLANDS to produce EPINEPHRINE (adrena-
line), which normally gears up the body for action
in response to a threatening situation (FIGHT OR
FLIGHT RESPONSE) by increasing the heart rate, stim-
ulating the nervous system, increasing STOMACH
ACID production, raising BLOOD SUGAR, and increas-
ing fat breakdown.

A cup of brewed coffee contains 80 to 115 mg of
caffeine, while a cup of DECAFFEINATED COFFEE con-
tains 2 to 3 mg. A cup of brewed tea contains 40 to
60 mg of caffeine. Per ounce, CHOCOLATE contains
about 20 mg caffeine. In addition, cola beverages
and some medications and over-the-counter drugs
contain caffeine. Soft drinks can provide 30 to 72
mg caffeine per 12 oz serving.

Caffeine is classified as a GENERALLY RECOGNIZED
AS SAFE food additive by the U.S. FpA, and moder-
ate consumption of caffeine-containing foods does
not seem to be harmful for the average adult. Most
healthy individuals can tolerate 200 to 300 mg a
day of caffeine as a mild stimulant. Side effects of
excessive caffeine (800 mg or more) include anxi-
ety, sleeplessness, agitation, shortness of breath,
irregular heartbeat, nausea, HEARTBURN, and
headaches. Caffeine usage is linked to most,
though not all, attributes of ADDICTION (chemical
dependency), including craving and withdrawal
symptoms during abstinence. Withdrawal symp-
toms include irritability, vomiting, and headaches.
To break a caffeine dependency, patients should
reduce consumption gradually over four or five
weeks.

Caffeine consumption may be linked to symp-
toms resembling PREMENSTRUAL SYNDROME. Caf-
feine can intensify symptoms of HYPOGLYCEMIA. It
may interact with medications (ANTIDEPRESSANTS,
tranquilizers, and antipsychotic drugs); aggravate
arrhythmia (irregular heartbeat); and increase the
risk of osteoporosis.

Studies of the effects of caffeine on miscarriage
rates have had mixed results. One recent study
showed that the risk increased only slightly in
women who consumed as many as three cups of
coffee a day, but another study showed that
women who consumed between one and three
cups of coffee daily increased their risk of sponta-
neous abortion by 30 percent. These researchers
also noted that the more caffeine consumed, the
higher the risk of miscarriage. Excessive caffeine
consumption has caused birth defects in experi-
mental animals.

On the other hand, a normal daily intake of caf-
feine in cotffee does not seem to increase the risk of
fibrocystic disease, or HYPERTENSION, as earlier
believed. Recent studies show that consumption of
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coffee and caffeine does not contribute to CARDIO-
VASCULAR DISEASE, including STROKE, even in people
who drink more than four cups of coffee a day.
Researchers also have found no link between caf-
feine consumption and cancers of the bladder,
breast, colon, lung, or prostate. At least nine stud-
ies have confirmed that regular coffee consump-
tion over long periods of time may reduce the risk
of developing Parkinson’s disease. (See also
ENDOCRINE SYSTEM; STRESS.)

Ross G. Webster et al. “Association of Coffee and Caffeine
Intake With the Risk of Parkinson’s Disease,” JAMA
283, 20 (May 2000): 2,674'2—-679.

Willet, Walter C. et al. “Coffee Consumption and Coro-
nary Heart Disease in Women: A Ten-Year Follow-
up,” JAMA 275 (1996): 458-462.

calciferol (vitamin D,, ergocalciferol, activated
ergosterol) A synthetic form of viTAMIN D derived
from a cyclic lipid from a yeast and mold, ERGOS-
TEROL, used to fortify MILK. Exposure to ultraviolet
light converts ergosterol to calciferol. One cup of
milk routinely contains 100 IUs of vitamin D as cal-
ciferol, which contributes most of the vitamin D
ingested by children. Infant formulas are fortified
with the same amount. Fortified prepared BREAK-
FAST CEREALS generally contain 40 IU of vitamin D
per cup. (See also CALCIUM; ENRICHMENT.)

calcitriol See vITAMIN D.

calcium An essential mineral nutrient and the
most abundant mineral in the body. Calcium rep-
resents approximately 2 percent of the total body
weight; about 98 percent of this is found in the
bones and teeth. The small amount of calcium in
body fluids and cells plays an important role in
nerve transmission, muscle contraction, heart
rhythm, hormone production, wound healing,
immunity, blood coagulation, maintaining normal
blood pressure, and STOMACH ACID production. Cal-
cium promotes blood clotting through the activa-
tion of the fibrous protein FIBRIN, the building block
of clots. It lowers blood pressure in patients with
spontaneous HYPERTENSION (not caused by KIDNEY
disease) because it relaxes blood vessels, and it may
also diminish the symptoms of PREMENSTRUAL SYN-
DROME (PMS).

High intake of saturated fat tends to raise Low-
DENSITY LIPOPROTEIN (LDL) cholesterol (the less
desirable form) and to increase the risk of colorec-
tal CANCER. On the other hand, calcium binds satu-
rated fats, preventing their uptake by the intestine;
consequently, calcium-rich diets may reduce LDL
cholesterol. A high calcium intake also seems to
reduce the risk of colon cancer.

If blood levels of calcium decrease in response to
low calcium consumption, the body pulls calcium
out of bones to use elsewhere. Thus, bones are
dynamic tissues, constantly releasing calcium and
reabsorbing it to maintain their strength. The level
of calcium in the blood is carefully regulated by hor-
mones. Parathyroid hormone from the parathyroid
gland stimulates bone-degrading cells to break
down bone tissue to release calcium and phosphate
into the bloodstream (a process called bone resorp-
tion). Parathyroid hormone also stimulates calcium
absorption from the intestines by activating VITAMIN
D, and stimulates calcium reabsorption from the
kidney filtrate back into blood. This etfect is coun-
terbalanced by calcitonin, released from the thyroid
gland when blood calcium levels are high. Calci-
tonin triggers bone-building cells (osteoblasts) to
take up calcium from blood to lay down new bone.

During growth spurts, more calcium is absorbed
than lost. Therefore, adequate calcium intake in
childhood and adolescence is critical for bone
building. In addition, zINC, manganese, fluoride,
copper, boron, MAGNESIUM, calcium, and vitamin D,
together with EXERCISE, minimize bone loss after
the age of 35. Calcium absorption requires the hor-
mone calcitriol, formed from vitamin D.

According to the U.S. Department of Agriculture
(USDA), most Americans do not consume ade-
quate amounts of calcium. The lack of calcium in
the diet of children and adolescents is especially
alarming because 90 percent of an adult’s bone
mass is established by the age of 19. Only 14 per-
cent of girls and 36 percent of boys age 12 to 19 in
the United States consume enough calcium daily to
meet current requirements. Those who do not are
at increased risk of developing osteoporosis and
other bone diseases.

Symptoms of prolonged calcium deficiency
include insomnia, heart palpitations, and muscle
spasms, as well as arm and leg numbness. Chronic
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low calcium intake can lead to easily fractured
bones due to bone thinning (0STEOPOROSIS), and
possibly hypertension. Severe deficiency symptoms
are rare: convulsions, dementia, osteomalacia, rick-
ets (bent bones and stunted growth in children),
and periodontal disease.

In addition to age and heredity, many lifestyle
and dietary factors increase the risk of developing
calcium-related problems: age; heredity; chronic
emotional STRESS; lack of exercise; dieting; exces-
sive CAFFEINE, SODIUM, phosphorus (as found in
processed foods and soft drinks), or dietary FIBER;
high-fat foods; possibly high protein diets; low vit-
amin D intake; long-term use of corticosteroids;
and cigarette smoking. Condition like INFLAMMA-
TORY BOWEL SYNDROME, low stomach acidity, LAC-
TASE deficiency, kidney failure, and diabetes
increase the need for calcium, while mineral oil
(laxative), lithium, and some DIURETICS (water
pills) block calcium uptake.

Dietary Sources of Calcium

The DIETARY REFERENCE INTAKE for children between
ages 4 and 8 is 800 mg; for children from 9 to 13,
1,300 mg; for adolescents between 14 and 18,
1,300 mg; for adults between 19 and 50, 1,000 mg;
and for adults over 50, 1,200 mg. For calcium, the
lowest observed adverse effect level is 2.5 g for
adults. Milk products like yogurt and CHEESE repre-
sent rich calcium sources. They need not be high in
fat. Low-fat dairy products like skim or low-fat
milk and low-fat YOGURT contain about 300 mg cal-
cium per cup. SARDINES and canned SALMON with
cooked bones and high in calcium; plant sources
include green leafy vegetables, COLLARD greens,
CHARD, beet tops, BOK CHOY, spinach, and BROCCOL],
as well as various seeds and SOYBEANS. The calcium
in spinach is less easily absorbed. Two very good
plant sources are TOFU, prepared with calcium to
curdle soybean protein, and corn tortillas, prepared
with lime. The following are examples of low-fat,
high-calcium food:

1% fat cottage cheese (half cup) 70 mg calcium

non-fat yogurt (half cup) 225
skim milk (1 cup) 300
cooked greens (1 cup) 100
cooked collard greens (1 cup) 280

cooked soybeans (1 cup) 450
tofu (1 ounce) 130
corn tortilla (1 ounce) 300
sardines (3 ounces) 370

Calcium Fortification

Calcium is added to foods and beverages. The food
industry has responded to consumer fears of
OSTEOPOROSIS (age-related thinning of bones) by
adding calcium to a variety of foods and diet drinks,
including some brands of orange juice, BREAKFAST
cereals, whole milk, yogurt, cheese, sliced cheese,
cottage cheese, white flour, bread, and cocoa. For-
tified or enriched foods can supply 25 percent to
100 percent of the calcium RDA per serving. Indi-
viduals prone to kidney stones might have prob-
lems with excessive calcium, and excessive calcium
from any source can cause milk-alkali syndrome,
which damages the kidneys. A very high calcium
intake can block the uptake of MANGANESE, another
essential mineral. (See also ENRICHMENT.)

Calcium Supplements

The advantages of obtaining calcium from food are
twofold. First, calcium is better absorbed, and sec-
ond, it is almost impossible to overdose on calcium
from food. However, the typical U.S. diet provides
only 450 to 550 mg of calcium daily, and individu-
als who avoid dairy products may encounter diffi-
culty in obtaining adequate calcium from foods
alone. Certain groups are more likely to develop
calcium deficiencies: dieters, smokers, women past
menopause or who have had hysterectomies, and
those who drink several cups of coffee or several
alcoholic beverages daily. For those who have a
marginal calcium intake, calcium supplementation
with vitamin D is a responsible alternative.

Most types of calcium supplements are effective,
and calcium carbonate is inexpensive. Orange juice
can aid calcium uptake from calcium carbonate. It
is generally believed that chelated calcium (calcium
citrate, lactate, gluconate, orotate) may be more
easily absorbed than calcium carbonate when
stomach acid production is low, although this view
has been challenged. Calcium tablets need to disin-
tegrate in water for calcium absorption to occur.
The best way to take calcium supplements is to
combine them with vitamin D. Look for calcium
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supplements that are “essentially lead free” to min-
imize possible contamination with small amounts
of lead.

Calcium supplementation can reduce depression,
water retention, and pain related to premenstrual
syndrome (PMS). Calcium supplementation re-
duces the risk of osteoporosis in postmenopausal
women. Continuous supplementation with calcium
after menopause can improve bone mass by 10 per-
cent and reduce the risk of bone fractures by 50 per-
cent. Moreover, drugs used to treat osteoporosis are
most effective when calcium intake is adequate.

There are several precautions to be aware of in
using calcium supplements. Excessive calcium sup-
plementation (3,000 to 8,000 mg per day)
increases the risk of zINc and MAGNESIUM deficien-
cies. Calcium supplements taken with meals may
block the uptake of other minerals like COPPER,
IRON, and zinc. Overdosing with calcium supple-
ments also increases the risk of kidney stones in
susceptible people. Excessive calcium supplements
can lead to vomiting, high blood pressure, DEPRES-
SION, excessive urination, muscle wasting, and
CONSTIPATION. (See also ANTACIDS; BONE; CORTISOL;
GASTROINTESTINAL DISORDERS; HYPERTENSION; LAC-
TOSE INTOLERANCE.)

NIH Consensus Development Panel On Optimal Calcium
Intake, “Optimal Calcium Intake,” Journal of the Amer-
ican Medical Association, 272, no. 24 (December 1994):
1,942-1,948.

calcium blockers Drugs prescribed to help pre-
vent HEART ATTACKS. CALCIUM blockers lower blood
pressure by preventing calcium from entering
smooth muscles around veins and capillaries, thus
keeping them from contracting in response to high
SoDIUM. Calcium blockers also inhibit chemical sig-
nals from the brain that normally speed up the
heart when the patient becomes excited.

calcium propionate The caLcium salt of PROPI-
ONIC ACID, a short-chain fatty acid. This common,
innocuous FOOD ADDITIVE is used in bread and rolls
to prevent the growth of MOLDs and BACTERIA. The
level of propionate in baked goods (0.1 percent to
0.2 percent) is sufficiently high to alter the growth
of microorganisms like bacteria and mold, but it
does not kill them. Sodium propionate is also used

in pies and cakes to prevent the interference of cal-
cium with BAKING SODA or powder.

Propionate is a harmless additive occurring nat-
urally in foods. For example, Swiss cheese contains
1 percent propionate, which serves as a natural
preservative. Metabolic processes produce propi-
onate from AMINO ACIDS and certain FATTY ACIDS.
Furthermore, propionate is easily oxidized for
energy. This process requires VITAMIN B,,. (See also
BREAD; FOOD PRESERVATION; FOOD SPOILAGE.)

California Certified Organic Farmers (CCOF)
An agency that certifies organic produce and
organic farms according to established standards in
California. In particular, the CCOF label indicates
the product has met limits of PESTICIDE residues
lower than those set by the EPA. In general, unless
organic produce is agency certified, there is no
guarantee it has been grown without the use of
pesticides, HERBICIDES, or chemical fertilizers. (See
also ORGANIC FOODS.)

caloric value The maximum amount of CALORIES
available from food. Caloric value refers to the num-
ber of calories released by completely oxidizing a
gram of fuel nutrient, as FAT, CARBOHYDRATE, Or PRO-
TEIN. Metabolic processes oxidize fat and carbohy-
drate completely to CARBON DIOXIDE and water, the
same combustion products as found in the labora-
tory. The caloric yield is the same whether fuel is
burned in the body or in the test tube. The oxidation
of GLUCOSE vyields 3.7 calories per gram. STARCH
yields 4.1 calories/gram; and SUCROSE, 4.0 calo-
ries/gram. Therefore an average yield of 4 calories
per gram of carbohydrate is used by nutritionists.
The oxidation of a monounsaturated fat like OLIVE
OIL yields 9.4 calories per gram; of a more saturated
animal fat like BUTTERFAT, 9.2 calories per gram. For
simplicity an average value of 9 calories per gram of
fat is used to approximate the caloric yield. AMINO
ACIDS from protein contain nitrogen, which is not
oxidized by the body but is excreted as UREA. Con-
sequently the caloric yield of protein oxidized in the
body is 4.1 calories per gram. This value is rounded
off to 4 when used by nutritionists to calculate the
caloric yield of food proteins. The key point is that
fat contains more than twice as many calories as
protein or carbohydrate.
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calorie A standardized unit of heat. The caloric
yield of nutrients and the body’s energy require-
ments are expressed as large calories, “kilocalories”
in the medical literature, or simply “calories” in
common usage. One kilocalorie is the amount of
heat required to raise the temperature of 1 kg of
water by 1°C. Another unit of energy used in some
scientific articles is the kilojoule. One large calorie
equals 4.124 kilojoules (KJ).

Calories are a measure of the energy released
when the body burns any fuel including FAT, PRO-
TEIN, CARBOHYDRATES, and ALCOHOL. Calories from
the oxidation of fuel nutrients maintain normal
body functions such as the heart and circulation, as
well as the (hormonal) endocrine system, nervous
system, and digestive system. Energy from food
supports reproduction, growth, physical work, the
uptake of nutrients, and the repair of wear and tear
in cells and tissues. The actual number of calories
used depends on many factors, including body
mass and the level of physical activity. A portion of
the calories are released from food as heat to main-
tain body temperature. Women need fewer calories
than men. Typically, women’s needs range from
1,600 to 2,000 calories daily; men generally need
1,800 to 2,400 calories daily.

Caloric Balance

The relationship between caloric input and caloric
expenditures is critical. Excessive calories, regard-
less of their source, may promote fat buildup
because surplus calories are stored by the body
rather than being destroyed. Contrary to popular
belief, carbohydrates and STARCH are not high calo-
rie NUTRIENTS; carbohydrates yield only 4 calories
per gram. The distinction belongs to fat as a more
concentrated source of calories (9 calories per
gram). Calories derived from fat are linked to OBE-
SITY because the conversion of dietary carbohydrate
to body fat requires much more energy than the
conversion of dietary fat to body fat. Consequently,
it is harder to gain weight by eating large amounts
of complex carbohydrates than by eating fat.

Common Sources of Excessive Calories

Popular high-calorie foods are cheeseburgers, soft
drinks, processed and high-fat meats (SAUSAGE,
BOLOGNA, and so on), FRENCH FRIES, doughnuts,
cookies, cake, ice cream, fried food, cheeses, high-

fat CRACKERS, cHIPS, and alcoholic beverages. PRO-
CESSED FOODS and CONVENIENCE FOODS often also
contain added saturated fat (which increases the
risk of atherosclerosis) and sucrose (SUGAR), which
provides no nutrients other than carbohydrates. To
put this in perspective, consider that a person
would need to walk one and a half hours to con-
sume the calories provided by a single piece of pas-
try. Typical high-calorie items (HIGH-FAT FOODS) are
easily replaced with low-calorie alternatives:

e one candy bar (500) vs. one cup of unbuttered
popcorn (54)

e four pieces fried chicken (1,700) vs. one serving
of broiled, skinless chicken (142)

e one slice of cheesecake (257) vs. one cup of
strawberries (50)

¢ six ounces of potato chips (920) vs. one large
salad, with a teaspoon of dressing (100)

¢ bread with two squares of butter (170) vs. one
slice of bread (80)

Estimating Daily Caloric Needs

The following computation approximates daily
caloric needs. Actual needs may differ depending
upon age, gender, level of physical activity, per-
sonal METABOLISM, state of health, and STRESS level.

1. Divide body weight in pounds by 2.2 (to convert
pounds to kilograms).

2. Choose appropriate energy factors: 1.0 for
males, 0.9 for females, or 0.8 for those over 50
years old.

3. To calculate the calories needed to maintain
body weight: Multiply weight in kilograms by
the appropriate energy factor times 24 hours.
For example, a 123-lb. woman weighs 55.9 kg.
She needs 55.9 kg x 0.9 x 24 hr. = 1,207 calories
per day just for maintenance.

4. To estimate the daily calories required for phys-
ical activity: Choose the best estimate of activity
level. Very light (e.g., desk job) = 0.6; Light (e.g.,
teacher) = 0.8; Moderate (e.g., nurse) = 1.1;
Strenuous (e.g., roofer) = 2.4. Multiply the
hours per day spent on this major work activity
by weight in kg. For example, for a woman with
7 hours of moderate work activity level: 55.9 kg
x 7 hr. x 1.1 = 430 calories.
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5. To calculate total calories, add Step 3 to Step 4.
In our example, 1,207 calories plus 430 calories
equals 1,637 calories, the estimate for a typical
day.

Calorie Reduction Strategies

A knowledge of the calorie content of food is fun-
damentally important because a balanced diet must
first provide adequate energy. Critical stages of life
require more energy than usual. Pregnancy, lacta-
tion, growth during childhood and adolescence,
and caloric restriction require medical supervision.
Counting calories has long been a preoccupation of
dieters. However, the most effective ways to lose
weight require a change in behavior: Eating less
high-fat food and exercising regularly. Specific
dietary recommendations can be made to reduce
calorie intake:

Dairy Products Replace cream CHEESE Or sour
cream with low-fat YOGURT. Replace Camembert,
Cheddar, Cheshire, feta, Limburger, and provolone
cheeses and cheese spreads, with lower-fat cheeses
like mozzarella or low-fat COTTAGE CHEESE. Use
skim MILK instead of whole milk or cream in
recipes. Consume less ice cream, which can be 50
percent to 60 percent fat.

Meat and Poultry Bake MEAT and POULTRY on a
rack to drain fat. Remove fatty skin from poultry
before eating. Select lean cuts of meat instead of
prime or choice. Trim off all visible fat.

Processed Foods Avoid processed foods. Often,
convenience foods provide high levels of saturated
fat as butter, lard, shortening, hydrogenated veg-
etable oils, coconut, and/or palm oils. Processed
meats such as sausage, luncheon meats, and hot
dogs usually contain large amounts of SATURATED
FAT. Substitute VEGETABLES and FRUIT for high-salt,
high-sugar, and/or high-fat snacks. Eat fewer fried
foods, which contain 25 percent to 50 percent
saturated fat. Drink less alcohol and sweetened
soft drinks, which supply only calories. (See also
DIETING.)

Sohal, R. S., and R. Weindruch. “Oxidative Stress, Caloric
Restriction, and Aging,” Science 273 (1996): 59-63.

campylobacteriosis A type of FOOD POISONING
caused by the bacterium Campylobacter jejuni. The
bacterium occurs in livestock and can contaminate

MILK, raw MEAT, and POULTRY. Some 80 percent of
poultry sold for human consumption is contami-
nated with the Campylobacter bacterium. More than
10,000 cases of campylobacteriosis are reported to
the U.S. Centers for Disease Control and Preven-
tion (CDC) each year.

Campylobacter is the leading cause of DIARRHEA
from food in the United States. Diarrhea is poten-
tially a serious condition because it can prevent
nutrient uptake and cause dehydration, leading to
electrolyte imbalance. Other symptoms are fever,
stomach cramps, and sometimes bloody stools.
Symptoms appear two to five days after eating con-
taminated food and can last a week. To avoid con-
tamination during meal preparation, the utensils
and cutting board used to prepare raw meat should
not come in contact with VEGETABLES or cooked
meat. Consumption of untreated water or unpas-
teurized milk is not advised because of the
increased risk of bacterial contamination from
these sources. (See also GASTRITIS; HELICOBACTER
PYLORI.)

cancer A broad category of diseases character-
ized by an uncontrolled, virulent growth of cells.
Cancer is classified according to the tissue of origin.
The most common are carcinomas, which originate
in epithelial tissues (tissues lining the body cavities
and forming the outer surfaces of the body). Sarco-
mas develop from connective tissues, muscles,
skeleton, circulatory, and urogenital systems. Mye-
lomas originate from bone marrow; lymphomas
from the lymph system; and leukemia from blood-
forming cells. Many cancers typically invade adja-
cent tissues. Such metastasizing tumors spread
throughout the body via the circulatory and lym-
phatic systems.

Cancer is the second leading cause of death
among Americans. An estimated one out of every
three or four adults will be diagnosed with cancer
and about half of these patients will die of the dis-
ease. The chances of living longer once cancer is
detected are better than ever, and the rates of new
cancer cases and deaths from cancer in the United
States are declining. However, the rates of some
new cancers, including lung cancer in women and
non-Hodgkin’s lymphoma, have increased in
recent years.
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All cancers are caused by cell mutations that
cause the cells to replicate over and over again.
Most mutations are random and occur as an error
during cells replication or as a response to injury
from an environmental factor like radiation or
chemicals. A small number of these mutations are
inherited. Researchers involved in sequencing the
human genome have identified about 100 of these
inherited mutations, called genetic markers, that
increase a patient’s risk of developing cancer.
Nearly three-quarters of these mutations are asso-
ciated with somewhat rare cancers such as
leukemias and lymphomas. The remaining markers
have been linked to cancers of the breast, colon,
prostate, lung, and ovary, which account for 80
percent of all cancer cases. A person who has one
of these genetic markers will not necessarily get
cancer; the mutation simply increases the risk.

Environmental factors such as nutrition, chemi-
cal exposure, and lifestyle choices can increase or
decrease the risk of developing cancer whether or
not a patient has a genetic predisposition for the
disease. For example, cigarette smoking accounts
for an estimated 25 percent to 40 percent of cancer
cases, while flawed diets may cause roughly a third
of cancer cases. Exposure to chemical pollutants (5
percent to 10 percent), infections (1 percent to 10
percent) and radiation are also significant causes.

Most adults have been exposed to cancer-
causing agents, and their tissues already contain
mutated genes, which can remain dormant for
years. Cancer may not show up unless the precan-
cerous state is stimulated by other agents called pro-
moters. These may be viruses, chemicals, or agents
in foods; excessive dietary fat is thought to be a can-
cer promoter. Consequently, carcinogens often man-
ifest their effect many years after exposure. The
body possesses powerful defenses. Efficient mecha-
nisms repair DNA mutations; however, they can be
compromised by a poor diet, disease, and age. The
immune system wards off foreign cells, including
cancer cells. Natural killer T-cells and anticancer fac-
tors (tumor necrosis factor) are produced to destroy
altered cells, but this declines with age.

Cancer and Diet

Many experts believe that diet plays a role in the
development of cancer—both by ingesting too

many cancer-causing foods, such as broiled or pre-
served meats, and by not eating enough cancer-
preventing foods, such as certain antioxidant-
containing fruits, vegetables, and green teas.

Perhaps as many as one-third of all cancers are
related to diet, and as many as 95 percent of colon
cancer cases are diet related. Cancers of the
prostate, breast, colon, and lining of the uterus
(endometrium) are most common in affluent
nations, while cancers of the liver, cervix, esopha-
gus, and stomach are related to poverty. Although
research and population studies suggest a correla-
tion between specific nutrients and different types
of cancer, most recommendations remain best
guesses. Deficiencies of the following nutrients are
linked to increased risk of cancer: AMINO ACIDS
(CYSTEINE, METHIONINE, TRYPTOPHAN, ARGININE), B
COMPLEX vitamins (riboflavin, FOLIC ACID, VITAMIN
By), fat soluble vitamins (VITAMIN A, VITAMIN E),
minerals (CALCIUM, ZINC, copper, iron, selenium),
other nutrients (choline, BETA-CAROTENE), and
other substances in foods that act as antioxidants or
modify levels of liver detoxication enzymes
(FLAVONOIDS, isothiocyanates, organosulfur com-
pounds, PHYTOESTROGENS, and others).

Meat and fat are closely correlated in the West-
ern diet, making the separation of these two vari-
ables difficult. Most animal studies show that meat
per se does not affect carcinogenesis. Human pop-
ulation studies do not link meat consumption with
colon cancer, although meat intake may increase
the risk of pancreatic cancer.

Fat and energy intake may be correlated with
cancer. Geographic correlations suggest that a
high-fat diet is a risk factor for cancers of devel-
oped countries. To decrease cancer risk, some
experts believe that fat should be cut back to 20
percent or less of daily calories. Diets high in fat
enhance chemically-induced tumors in experi-
mental animals. On the other hand, calorie
restriction inhibits tumor growth even when the
calorie-restricted animals ingest more fat than
controls. One of the reasons animal studies have
not strongly supported the link between fatty
diets and colon cancer may be that human high-
fat diets usually include cooked foods. Cooking
seems to increase the cancer risk of meat cooked
in beef fat.
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Fiber has been the focus of intensive cancer
research in recent years. In 1970 a British
researcher published a study showing that in coun-
tries where the diets are high in fiber, the rates of
gastrointestinal disease, including colon cancer, are
low. Conversely, in countries such as the United
States, where fiber consumption is low and protein
and fat consumption are high, the rates of colorec-
tal cancer are also high. This led health experts to
assume that a high-fiber diet could reduce the risk
of colon cancer, but a pair of studies published in
2001, one conducted by the National Cancer Insti-
tute and the other by the Arizona Cancer Center,
both concluded that a high-fiber diet does not pre-
vent the growth of the polyps that can lead to colon
cancer. Nonetheless, diets supplying ample fiber
are linked to a lower risk of many chronic degen-
erative diseases, including diabetes, heart disease,
arthritis, and some forms of cancer.

Other studies have shown that dietary fiber can
reduce the risk of cancers of the stomach and
breast. These results, coupled with research show-
ing a correlation between high-fat diets and cancer
and studies showing that a high consumption of
fruits and vegetables can decrease the risk of cancer
generally, supports health experts’ recommenda-
tion that patients eat a diet rich in vegetables,
fruits, legumes, and whole grains, that provides
between 20 and 35 grams of fiber each day. (For
example, an apple provides 3 grams of fiber; a one-
ounce serving of wheat bran, 8.4 grams; and one
slice of whole wheat bread, 1.5-2 grams.)

Vitamin Deficiencies
Vitamin deficiencies are implicated in some forms
of cancer and several vitamins may lower cancer
risk. Animal studies indicate that NIACIN deficiency
is linked to cancer. Niacin helps repair damaged
DNA, known to occur in the action of several
carcinogens. Studies indicate that megadoses of
folic acid (25 times the RECOMMENDED DIETARY
ALLOWANCE (RDA)) and vitamin B, (160 times the
RDA) can reduce precancerous lung tissue in some
smokers. Folic acid has been used to treat cervical
dysplasia (precancerous cervical tissue) in women
taking oral contraceptives. Calcium deficiency is
related to the risk of colon cancer. Vitamin A and
beta-carotene therapy prevent the formation of

precancerous areas in the mouth resulting from
chewing tobacco.

Cancer Prevention

A diet rich in fruits, vegetables, and whole grains is
believed to help reduce the risk of tumor develop-
ment. While no single food or nutrient will remove
the risk of cancer, following healthy guidelines can
reduce a person’s chances of developing certain
types of cancer. To lower the risk of cancer, experts
recommend people should eat a plant-based diet
with plenty of roughage and a variety of natural,
whole-grain foods. They should avoid high-fat
diets, barbecued (burned) food, and smoked, pick-
led, salted, and cured food.

Cancer-protecting foods are rich in complex car-
bohydrates and fiber, factors that have been associ-
ated with a reduced risk of several types of cancer.
They also contain substances that can inhibit tumor
formation. For example, CRUCIFEROUS VEGETABLES
contain sulforaphane as well as other plant chemi-
cals such as dithiolthiones that may produce
enzymes that help block damage to cell DNA. The
cruciferous vegetables include broccoli, cauliflower,
kale, brussels sprouts, and cabbage. Garlic and
onions have sulfur compounds (allyl sulfides) that
trigger enzymes that may help remove carcinogens
from the body. Citrus fruits are rich in vitamin C
and flavonoids, which may help inhibit cancer cell
growth.

Soy foods are high in 1SOFLAVONES, which block
some hormonal activity in cells. Diets high in soy
products have been associated with lower rates of
cancers of the breast, endometrium, and prostate.

Tomatoes and tomato sauce are high in the phy-
tochemical LYCOPENE, a powerful antioxidant. A
diet high in tomatoes has been associated with a
decreased risk of cancers of the stomach, colon, and
prostate.

Saturated Fats Some evidence shows that
people who have diets high in saturated fats (more
than 10 percent of total calories) have a higher
cancer risk than do those with lower-fat diets.

Plant-based Diet Many experts believe that
adding more plant-based foods is the dietary cor-
nerstone to prevent many types of cancer. Diets
high in fiber, folic acid, polyunsaturated fats, veg-
etable protein, carotenoids, and vitamins B, C, and
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E, are linked to a lower risk of certain cancers.
Because fruits, vegetables, and other plant-based
foods typically are low in saturated fats (the animal
fats found in meats, butter, and cheese linked to an
increased risk of cancer) and high in fiber, which
may be associated with a lower risk of colon cancer.
A plant-based diet is the best source of phytochem-
icals—natural substances in fruits and vegetables
that seem to protect against certain types of tumors.
A plant-based diet includes six to 11 servings of
breads, grains, and cereals; two to four servings of
fruit; and three to five servings of vegetables. The
goal of “5 a Day” (five servings of fruits and vegeta-
bles each day) is the cornerstone of the NATIONAL
CANCER INSTITUTE’s (NCI) dietary guidelines for can-
cer prevention. According to the NCI, if everyone
followed the “5 a Day” guidelines, cancer incidence
rates could decline by at least 20 percent.

Roughage A high-fiber diet is a good way to
reduce the risk of colorectal cancer. Fiber is found
in all plant-based foods, including fruits, vegeta-
bles, grains, breads, and cereals, but is not available
in meat, milk, cheese, or oils. White flour is not
recommended because its refining process removes
almost all the fiber from grains.

Fiber can be either soluble or insoluble. Soluble
fibers dissolve in water and are found in highest
amounts in fruits, legumes, barley, and oats. They
generally slow down digestion time so that nutri-
ents are completely absorbed. Soluble fibers also
bind with bile acids in the intestines and carry
them out of the body. Because bile acids are made
from cholesterol, soluble fiber can lower a person’s
cholesterol levels. Studies linking high bile acid
concentrations and colon cancer have led some sci-
entists to suspect that binding bile acids may be one
way fiber helps prevent colon cancer.

Insoluble fibers are found in vegetables, whole-
grain breads, and whole-grain cereals, which
increase the bulk of stool, help to prevent constipa-
tion, and remove bound bile acids. Insoluble fiber
also increases the speed at which food moves
through the gastrointestinal system. Some scien-
tists believe a high-fiber diet reduces the risk of
colon and other cancers because fiber can bind
potentially cancer-causing agents in the intestines
and speed the transit time so harmful substances do
not stay in the body.

Both types of fiber are important for cancer pre-
vention. Everyone should eat at least 25 grams of
fiber each day (about twice the amount most
Americans currently consume). A good way to
achieve that amount is to eat the NCI's recom-
mended five fruits and vegetables each day. It is
possible to increase fiber intake by eating the skins
of potatoes and fruits such as apples and pears and
switching from refined foods (such as white bread
and white rice) to whole-grain foods (whole-
wheat bread and brown rice). Other good sources
of fiber include legumes, lentils, and whole-grain
cereals.

Low-fat A high-fat diet has been associated
with an increased risk of developing cancer of the
prostate, colon, endometrium, and breast. Low-fat
foods are usually lower in calories than high-fat
foods and are low in fat as well.

There are three types of dietary fats—saturated,
monounsaturated, and polyunsaturated fats:

e Saturated fats are almost exclusively from animal
products such as meat, milk, and cheese and
have been linked to an increased risk of cancer.

e Monounsaturated fats are found in olive oil and
canola oil.

e Polyunsaturated fats are found in vegetable oils.

While the latter two types of fat are less closely
linked to disease, because overall fat intake is asso-
ciated with cancer it is a good idea to limit all three
kinds. Dietitians generally recommend tub mar-
garine as a better choice than butter, because but-
ter is rich in both saturated fat and cholesterol, and
the hazards of saturated fats are better documented
and appear to be more severe than do the hydro-
genated fats in margarine. Most margarine is made
from vegetable fat and has no cholesterol. The
usual recommendation is that people get no more
than 10 percent of daily calories from saturated fats
and that total fat intake not exceed 30 percent of
the day’s calories.

Dietary fat can be reduced by limiting the
amount of red meat, choosing low-fat or no-fat
varieties of milk and cheese, removing the skin
from chicken and turkey, choosing pretzels instead
of potato chips, and decreasing or eliminating fried
foods, butter, and margarine. Cooking with small
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amounts of olive oil instead of butter will signifi-
cantly cut saturated fat intake.

Cancer Prevention Cancer prevention empha-
sizes proper nutrition, and increasing interest has
focused on antioxidant nutrients in lowering the
risk of FREE RADICAL damage and cancer. Free radi-
cals are highly reactive molecules that lack an elec-
tron and attack cell components like DNA and
proteins. Selenium, vitamin C, beta-carotene, and
vitamin E are all logical candidates as protecting
agents because they squelch free radicals. Fruits and
vegetables provide a wide assortment of other sub-
stances that can reduce oxidative damage. These
include FLAVONOIDS, such as TANNINS and ANTHO-
CYANINS (blue, red, purple pigments of berries),
terpenes, coumarins, CAROTENOIDS (such as beta-
carotene and lycopene), phytoestrogens (such as
soy isoflavones), ISOTHIOCYANATES (found in cabbage
family vegetables), organosulfur compounds (diallyl
sulfide, others from oils, GARrLIC), and diketones
(curcuminoids from TURMERIC). Plant foods supply
other materials that seem to bolster the body’s abil-
ity to dispose of toxins and potential carcinogens or
to repair damage they cause. Indeed, PHYTOCHEMI-
CALS promise to play an increasingly important role
in cancer prevention. Diets high in fiber, folic acid,
polysaturates, vegetable protein, beta-carotene, vit-
amins C, B, and E are associated with a reduced risk
of stomach and esophageal cancer.

Other cancer prevention guidelines emphasize
stopping all use of tobacco because smoking is
linked to many forms of cancer; minimal use of
ESTROGEN, because estrogen increases the risk of
breast cancer; moderate consumption of ALCOHOL,
because alcohol increases the risk of breast, mouth,
and esophageal cancer; practicing safe sex to mini-
mize transmission of viruses that injure the
immune system; reducing stress to bolster the
immune system; avoiding sun exposure to mini-
mize the risk of skin cancer; and minimizing expo-
sure to carcinogens in cigarette smoke, toxic
materials such as dust, solvents, industrial chemi-
cals, PESTICIDES, and certain FOOD ADDITIVES like
nitrates and artificial food colors.

The American Cancer Society notes that certain
warning signs of cancer warrant medical attention:
any unusual bleeding; a thickening lump, espe-
cially in the breast; a sore that does not heal; a per-

sistent cough; hoarseness; a dramatic change in
bowel movements or urination; indigestion; diffi-
culty in swallowing; an unexplained weight loss;
and a change in color or shape of a wart or mole.

Cancer-Preventing Agents in Food

Certain nutrients are being studied for their effec-
tiveness in preventing cancer: vitamin A, VITAMIN C,
vitamin E, beta-carotene, selenium, and fiber. Vita-
min C, vitamin E, CAROTENOIDS (orange-red or
yellow plant pigments like beta-carotene), and sele-
nium are antioxidants. They help prevent chemical
damage by free radicals, mainly highly reactive
forms of oxygen, such as superoxide, which occur
from cellular metabolism as well as from exposure
to environmental pollutants and to oxygen. Free
radicals are treacherous because they damage DNA,
the genetic blueprint of a cell. Alterations of genes
seem to convert some cells to cancerous types; thus,
free radicals can function as carcinogens. Antioxi-
dants are widely distributed in fruits and vegetables.
Foods rich in carotenoids like beta-carotene are
orange-colored vegetables like winter squash and
dark-green leafy vegetables such as CHARD and
broccoli. Fresh fruits provide vitamin C; vegetable
oil, wheat GERM, and nuts supply vitamin E; whole
grains, selenium; and fruit, vegetables, grains, and
LEGUMES provide fiber.

A wide variety of other plant products seem to
inhibit cancer formation, and their identification
remains a very active area of research. These mate-
rials work in different ways. Flavonoids (complex
multi-ring pigments found in many fruits and veg-
etables) serve as antioxidants, enhance the body’s
mechanisms for neutralizing toxic substances, and
help regulate enzymes involved in malignancy.
Ellagic acid, a flavonoid found in fruits, especially
grapes, and in vegetables, seems to directly protect
genes from chemical attack. Indoles (benzene-like
compounds containing nitrogen) and {flavones
(flavonoids related to vitamin E) may serve as an-
tioxidants. Certain phenolic compounds (oxygen-
containing AROMATIC COMPOUNDS) also help
neutralize carcinogens like NITROSOAMINES. Agents
in the cabbage family may boost the liver’s capacity
to destroy CARCINOGENS. As an example, sulfur com-
pounds in broccoli and cauliflower called dithiolth-
iones stimulate the transfer of GLUTATHIONE, the cell’s
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major sulfur-containing detoxifier, to make cancer-
causing agents more easily excreted in urine and
feces. Other agents include saponins, garlic products,
and fiber. Saponins and triterpenoids (unabsorbable
carbohydrate derivatives) inhibit breast cancer in
experimental animals. Soybeans contain isofla-
vones, plant substances that may decrease estrogen
production in premenopausal women and thus
apparently reduce the risk of breast cancer.

In 2001 the American Cancer Society adopted
the following Nutrition and Physical Activity
Guidelines for individual cancer prevention:

e Eat a variety of healthful foods, with an
emphasis on plant sources. Eat five or more
servings of a variety of vegetables and fruits each
day. Choose whole grains in preference to
processed (refined) grains and sugars. Limit con-
sumption of red meats, especially those high in
fat and processed. Choose foods that maintain a
healthful weight.

e Adopt a physically active lifestyle. Adults
should engage in at least moderate activity for
30 minutes or more on five or more days of the
week; 45 minutes or more of moderate to vigor-
ous activity on five or more days per week may
further enhance reductions in the risk of breast
and colon cancer. Children and adolescents
should engage in at least 60 minutes per day of
moderate to vigorous physical activity at least
five days per week.

¢ Maintain a healthful weight throughout
life. Balance caloric intake with physical activ-
ity. Lose weight if currently overweight or
obese.

¢ Limit consumption of alcoholic beverages.

(See also AGING; BARBECUED MEAT, DELANEY
CLAUSE.)
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Candida albicans A disease-producing yeast
belonging to the same family as MOLDS and FUNGI.
Candida flourishes in warm, moist environments
that supply a nutrient source: It can grow on moist
tissues lining the body (mucous membranes).
Traces of Candida and other yeasts may live in the
intestine, but they are usually held in check by
friendly gut bacteria and the immune system. Can-
dida is an opportunistic organism that can spread
when the immune system weakens and when
secreted antibodies decline; when broad-spectrum
antibiotics kill gut bacteria; and when the diet sup-
plies excessive refined carbohydrate and sugar.
C. albicans infection of the mouth (thrush) and
esophagus occurs in infants and young children,
and is also a sign of HIV (human immunodeficiency
virus)-induced conditions. Candida presents up to
seven different forms for the body to suppress. This
may partially explain its ability to exploit weak-
nesses in the body’s defenses. Laboratory tests can
distinguish C. albicans from other pathogens. Can-
dida resists typical antibiotics; therefore, treatment
utilizes antifungal drugs like niastatin and botanical
antifungal agents, such as berberine (goldenseal
Hydrastis) and garlic extracts. (See also ACIDOPHILUS;
CANDIDIASIS; FLORA, INTESTINAL.)

Chaitow, Leon. Candida Albicans: Could Yeast Be Your Prob-
lem? Rochester, Vt.: Healing Arts Press, 1998.

candidiasis A Candida (yeast) infection of the
skin and mucous membranes of the body.
Although Candida albicans is a common culprit, sev-
eral Candida species produce disease. Typically can-
didiasis occurs in the colon, vagina, mouth, throat,
lungs, or nails. However, a serious systemic (body-
wide) infection may occur when Candida invades
the bloodstream. The symptoms of candidiasis syn-
drome attributable to intestinal infection can be
extremely variable, ranging from headaches, con-
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fusion, and loss of energy, to chronic fatigue,
cramps, bloating, rectal itching, and gas. It can be
associated with lowered immunity. Because these
symptoms fit many clinical conditions, it is impera-
tive that diagnosis be confirmed by specific clinical
lab tests based on specimen culture and analyses of
anticandida antibodies in the bloodstream.

Several factors promote candidiasis including
use of oral contraceptives and steroid hormones
(which can suppress the immune system), long-
term use of antibiotics (which kill bacteria that
normally hold Candida in check), nutritional defi-
ciencies that weaken the immune system, chronic
STRESS or viral (HIV) infection (which lowers
immunity), low stomach acidity (which prevents
sterilization of food and promotes maldigestion),
high-carbohydrate diet, and diabetes (which
increases sugar and support yeast growth).

In treating candidiasis, it is important to reduce
the predisposing factors by:

e using digestive aids

¢ avoiding sugar and other refined carbohydrates

¢ eliminating exposure to known allergens, which
can weaken the immune system

¢ Dbolstering the immune system with nutritional
supplements

e correcting low stomach acid production

e repopulating the intestine with beneficial bacte-
ria (lactobacillus species and BIFIDOBACTERIA) to
reestablish normal microflora.

(See also ACIDOPHILUS; INTESTINAL; HYPOCHLORHY-
DRIA.)

Crook, William G. The Yeast Connection Handbook. Jackson,
Tenn.: Professional Books, 1996.

candy A processed, sugar-based food first pro-
duced in Venice in the 15th century. The United
States produces the most candy worldwide, reflect-
ing its regional popularity. The average American
consumption in 1990 was about 20 pounds per
person, representing more than 2,000 different
varieties of candy. The major ingredient is SUCROSE
(table sugar), though candy may also contain MILK
and milk products, GUMS, GELATIN, FAT and oils,
STARCH, flavorings, fruit, and nuts. In the United

States, CHOCOLATE is the major ingredient of the
most popular brands of candy, the majority of
which contain PEANUTS and peanut butter. Their
high content of REFINED CARBOHYDRATES and SATU-
RATED FAT indicates these are high-calorie, low-
nutrient-density foods. Their EMPTY CALORIES are a
concern for those who are attempting to improve
their diet and eat more nutritious foods. Sugar-free
candies are available to help satisfy a sweet tooth,
which contain sugar derivatives such as SORBITOL
and artificial sweeteners like ASPARTAME. Sugarless
candies are not calorie free, however, because sor-
bitol and aspartame can be taken up and used for
energy. (See also FLAVORS; NATURAL SWEETENERS;
NUTRIENT DENSITY.)

canola oil A monounsaturated vegetable oil
derived from a relatively new variety of RAPESEED.
The composition of canola oil resembles that of
OLIVE OIL. It contains 32 percent polyunsaturated
FATTY ACIDS, 62 percent monounsaturated fatty
acids, and only 6 percent saturated fatty acids.
Monounsaturates are considered more healthful
than saturated fats (animal fat, or COCONUT OIL and
PALM OIL) because a diet high in monounsaturates
and low in cholesterol tends to lower LOW-DENSITY
LIPOPROTEIN (LDL), the less desirable form of blood
cholesterol, while maintaining HIGH-DENSITY
LIPOPROTEIN (HDL), the desirable form. Studies
show that olive oil does not cause tumors in exper-
imental animals, but long-term cancer studies have
not been carried out with canola oil.

cantaloupe (Cucumis melo cantalupensis) A
variety of muskmelon with orange pulp and a fra-
grant smell. Most melons originated in the ancient
Middle East, then spread to the Egyptian and
Roman empires. Cantaloupe is the most common
melon in the United States; Arizona, California,
and Texas are major domestic sources. Cantaloupe
is an excellent source of BETA-CAROTENE, to which it
owes its orange color, as well as ASCORBIC ACID. One
cup of cubed melon provides calories, 60; protein,
1.4 g; carbohydrate, 13 g; potassium, 495 mg; vita-
min A, 510 retinol equivalents; fat, 0.4 g; ascorbic
acid, 65 mg. Cantaloupe contains only low levels of
other minerals and B vitamins.
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canthaxanthine A natural red food color belong-
ing to the CAROTENOID family of plant pigment,
which is related to BETA-CAROTENE. Used in foods
such as candy, sauces, and margarines, canthaxan-
thine has no VITAMIN A activity, unlike beta-
carotene. Since it is fat-soluble, canthaxanthine
can accumulate in fat tissue and the skin, although
food is a source for only small amounts of this food
colorant. However, it is marketed as a tanning aid,
and canthaxanthine pills can supply more than 20
times the amount normally consumed in the diet.
Accumulation can lead to blurred night vision,
allergic skin reactions, hepatitis, and in extreme
cases, ANEMIA.

capillary A microscopic blood vessel that aver-
ages 0.008 mm in diameter, slightly larger than
the diameter of a RED BLOOD CELL. A network of
capillaries connects the arterial and venous sys-
tems. They connect with the smallest branches of
the arteries (arterioles), and provide oxygenated
blood and nutrients to cells within tissues. Capil-
lary walls are sufficiently thin to permit rapid
migration of oxygen and other nutrients from
blood into surrounding tissues, and to permit
waste products like CARBON DIOXIDE and LACTIC
AcID to diffuse out of cells into the bloodstream.
The total surface area provided by all capillaries
for this transport function is huge: 6,300 square
meters for an adult. (See also HYPERTENSION;
PROSTAGLANDIN.)

caprylic acid An acid classified as a medium-
chain FATTY AcID, found in BUTTER, goat and cow’s
MILK, and COCONUT OIL. Caprylic acid is classified as
a saturated fatty acid because all carbon atoms are
filled up with hydrogen atoms. Unlike the long-
chain fatty acids typically found in fats and oils,
medium-chain fatty acids are rapidly absorbed by
the small intestine without the intervention of a
special carrier (CHYLOMICRON) required to transport
fats in the bloodstream. Medium-chain fatty acids
can be readily used for energy by the LIVER and
skeletal muscle. Oral caprylic acid products can
combat intestinal yeast infections. Caprylic acid
seems to block yeast cell-wall production. (See also
CANDIDIASIS.)

capsaicin  The spicy, pungent compound of CHILI
PEPPERS, and the most fiery of the pepper alkaloids.
Capsaicin probably evolved to protect the pepper
from being eaten by predators. In humans, this
substance can help digestion by stimulating saliva-
tion, STOMACH ACID production, and, perhaps, PERI-
STALSIS. Capsaicin has other potential benefits: It
may also kill bacteria, reduce the risk of blood clots,
and serve as an ANTIOXIDANT. It seems to boost the
production of intestinal IgA antibodies produced to
exclude foreign materials from the intestine.

Capsaicin also acts as a “counterirritant,” that is,
it is a mildly irritating substance that blocks pain
sensations. It seems to do this by interfering with
sensory nerves that relay pain messages from the
skin to the brain. In particular, capsaicin can
deplete a chemical messenger called substance P,
which relays pain messages to the brain, short-
circuiting pain signals. This effect can be anti-
inflammatory as well, and capsaicin-containing
creams have been developed to reduce the pain of
shingles and chronic foot and leg pain. There are
several precautions when using these creams: Cap-
saicin irritates membranes of the eye and nose,
though it does not injure the stomach, and cap-
saicin supplements may interfere with the func-
tioning of anticoagulants. (See also IMMUNE SYSTEM;
NEUROTRANSMITTER. )

Altman Roy D. et al. “Capsaicin Cream 0.025% as
Monotherapy for Osteoarthritis: a Double Blind
Study,” Seminars in Arthritis and Rheumatism, 23, no. 6,
supp. 3 (1994): 25-33.

capsicum pepper See CHILI PEPPER.

captan A useful but potentially dangerous FUNGI-
CIDE that retards the growth of MOLDS, yeasts, and
fungi. Captan shows up frequently in GRAPES and is
used generally for FRUIT (APPLES, PEACHES, STRAW-
BERRIES) and VEGETABLES (BEANS, PEAS, CARROTS,
CORN, GARLIC, CABBAGE, LETTUCE, BROCCOLI). Traces
of captan have been detected in FAT and cooking
oils. In use since the 1950s, the legal limit for cap-
tan was set before the discovery that it can cause
KIDNEY and intestinal CANCER in lab animals. Cap-
tan was named by the U.S. National Academy of
Science as one of the most toxic PESTICIDES. The EPA
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has proposed banning captan because it is a sus-
pected CARCINOGEN.

caramelized sugar A brown food coloring pre-
pared by heating table sugar. As sugar turns brown,
its sweetness is gradually replaced by a burnt flavor
and aroma. Water is then added to create a brown
syrup. Caramel provides a brown color to foods like
pumpernickel bread, some partially whole wheat
breads, and boeuf bourguignon. Vegetables like
onion and carrots are glazed or lightly caramelized
by being heated with sugar and water. The term
caramel also refers to a type of brown, square-
shaped cANDY with a chewy consistency. (See also
ARTIFICIAL FOOD COLORS; FOOD ADDITIVES.)

caraway (Carum carvi) A small, seedlike herb
used as an aromatic seasoning that is related to
CARROTS and PARSLEY. Dried caraway seeds are used
to season rye bread, as well as pastry, soups, veg-
etables, meats, and certain cheeses. It adds zest to
potato salad and coleslaw. Caraway seed oil pro-
vides the distinctive flavor of kiimmel, a liqueur.
Fresh caraway leaves flavor soup, salad, cheeses,
vegetables, and meat.

carbohydrate A large class of organic com-
pounds that includes sugars, starches, and fiber.
Carbohydrates contain two hydrogen atoms and
one oxygen atom (H,O) for each carbon atom, and
the mame carbohydrate relates to the apparent
“hydrated carbons” in their chemical formulas.
Carbohydrates represent such a variety of sub-
stances that they are grouped into several cate-
gories.

Nutritionally important carbohydrates are cate-
gorized as simple and complex, according to their
size. SIMPLE CARBOHYDRATES are referred to as sug-
ars. Simple carbohydrates in the form of NATURAL
SWEETENERS are among the most common FOOD
ADDITIVES. Examples are SUCROSE, DEXTROSE, FRUC-
TOSE, and CORN SYRUP, as well as any word on a
food label that ends in “-ose.” COMPLEX CARBOHY-
DRATES occur in plants as starch and fiber.

Nutritionists classify carbohydrates in foods
according to their degree of processing. Refined
carbohydrates, like sugar and white flour, are

highly purified materials, containing little, if any, of
the nutrients found in the whole food from which
the carbohydrate was prepared; therefore, they
supply mainly calories. Carbohydrates are also clas-
sified according to size: monosaccharides, dis-
sacharides, oligosaccharides, and POLYSACCHARIDES.
The simplest are monosaccharides, which include
simple sugars. The family of HEXOSES are monosac-
charides containing six carbon atoms; glucose and
fructose are examples. PENTOSES are simple sugars
with five carbon atoms; ribose, the raw material for
RNA, is the most common example.

The predominant carbohydrate of the body is
glucose. Glucose in the blood is called BLOOD SUGAR
and is a major fuel source for most cells of the body.
The brain relies on glucose to meet its energy
needs.

Unless the diet supplies adequate carbohydrates,
the body’s metabolism switches to a STARVATION
mode, in which body fat is burned to meet most
energy needs. To fuel the brain during starvation,
glucose is synthesized from AMINO AcCIDS obtained
by the breakdown of muscles.

Disaccharides contain two linked simple sugars.
The most familiar is sucrose (table sugar). This dis-
accharide contains glucose and fructose. Fragments
of complex carbohydrates are called oligosaccha-
rides. As an example, food additives like maltodex-
trin are derived from starch and typically contain 3
to 10 glucose units. Because they are much smaller
than starch molecules they are water soluble.

The largest carbohydrates are polysaccharides,
which are polymers (long chains) and contain
many simple sugars linked together. STARCH and
GLYCOGEN (“animal starch”) are polysaccharides
important in nutrition and metabolism. Unlike sug-
ars, complex carbohydrates do not taste sweet, and
they are often insoluble in water. Starch is com-
posed of long chains of 1,000 or more glucose
units. The form of starch with many side chains or
branches is AMYLOPECTIN; the unbranched form is
called AMYLOSE. Starch functions as the plant store-
house of glucose. For example, when energy is
needed during seed germination, the developing
seed uses glucose from starch to grow into an
embryonic plant. Starch is packed in granules that
must be cooked to be edible. Digestion of starch
yields glucose. Although glycogen is not an impor-
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tant food source of carbohydrate, it is the storage
carbohydrate of tissues like muscle and the liver,
and is broken down when fuel is needed.

Carbohydrates are classified as “macro nutri-
ents” because they account for such a large part of
the diet throughout the world. In the United States
carbohydrates typically supply approximately 46
percent of the daily energy requirement. In Africa,
carbohydrates constitute almost 80 percent of
dietary calories. The prevalence of carbohydrate in
the diet is due to its ready accessibility from plant
sources, its low cost and its ease of storage. Major
sources of starch include cereal GRAINS, such as
WHEAT, RICE, RYE, MILLET, sorghum, and CORN. These
grains contain 76 percent starch. Tubers, such as
POTATOES and CASSAVAS, and root vegetables, such
as parsnips, also supply starch. BEANS and seeds of
legumes, rich sources of protein, also contain 40
percent of their weight as starch. Worldwide,
wheat is the predominant crop source of dietary
carbohydrate, followed by rice, corn, and potatoes,
and then by barley and cassava.

Fiber refers to indigestible complex carbohy-
drates found in plant cell walls and structures. The
major classes of fiber possess different sugars as
building blocks. CELLULOSE, one of the most com-
mon fibers, contains only glucose. HEMICELLULOSES,
PECTINS, GUM, and LIGNIN are other important types.
Humans do not produce digestive enzymes that can
break down fiber, though colon bacteria can feast
on them. The soluble forms of fiber, such as pectins
and gums, and insoluble forms like cellulose assure
a healthy intestinal tract and reduce the risk of
diverticulosis, hemorrhoids, constipation, colon
cancer, and other intestinal disorders.

In the United States, there is a long tradition of
avoiding starchy food for weight control, out of a
mistaken belief that carbohydrates are calorie-rich,
but the opposite is actually true. Bread and pasta
can help a dieter because carbohydrates contain
only 4 calories per gram, less than half the calories
in fat based on weight. In addition, carbohydrate
calories are less efficiently stored as fat, compared
to dietary fat. But, in general, excessive consump-
tion of calories from any nutrient—whether
PROTEIN, fat, or carbobydrate—leads to fat accumu-
lation. Every year, Americans eat more than 100
pounds of simple carbohydrates per person. This
high sugar consumption contributes to excessive

weight, promotes dental caries, and leads to poor
nutrition. Current dietary guidelines recommend
increasing the amount of complex carbohydrate
while decreasing sugar consumption by eating
whole, starchy foods like LEGUMES, grains, and
fresh VEGETABLES to supply nutrients like MINERALS
and FIBER, as well as plant substances that reduce
the risk of cancer (isoflavones, ellagic acid, isothio-
cyanates, among others). (See also CARBOHYDRATE
LOADING; CARBOHYDRATE METABOLISM.)

Asp, Nils-Georg. “Classification and Methodology of Food
Carbohydrates as Related to Nutritional Effects,”
American Journal of Clinical Nutrition 61, no. 4 supp.
(April 1995): 9305-937S.

carbohydrate, available The portion of dietary
carbohydrate that can be digested to GLUCOSE
and its storage form, GLYCOGEN. This fraction
includes monosaccharides (such as glucose, FRUC-
TOSE, GALACTOSE, MANNOSE); disaccharides, which
contain two sugars (LACTOSE, maltose, SUCROSE);
starch fragments (DEXTRINS); and POLYSACCHARIDES
(starches and glycogen, which contain hundreds of
glucose units). Fiber is excluded from available car-
bohydrate because it cannot be digested. (See also
DIETARY GUIDELINES FOR AMERICANS.)

carbohydrate digestion The conversion of
starch and dietary carbohydrates to simple sugars
that can be absorbed and used by the body. Many
carbohydrates in food are too large to be absorbed
by the intestine, which normally absorbs only sim-
ple sugars. Starch digestion yields the simple sugar,
glucose, through a complex series of events: Starch
digestion begins in the mouth with an enzyme in
saliva called AMYLASE as food is chewed. In the
intestine amylase secreted by the pancreas digests
starch to maltose, a sugar containing two linked
glucose units. Intestinal enzymes, MALTASE and
dextrinase, carry out the final step, the breakdown
of small starch fragments to glucose. Sugars com-
posed of simple sugars are also digested to their
simple building blocks. Sucrose (table sugar) yields
glucose and fructose by the action of the intestinal
enzyme SUCRASE, and lactose (milk sugar) yields
glucose and galactose by action of LACTASE, also
an intestinal enzyme. (See also CARBOHYDRATE
METABOLISM. )
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carbohydrate loading (glycogen loading) A pro-
cedure used by athletes who consume CARBOHY-
DRATES to force their muscles to increase the
amount of stored carbohydrate (GLYCOGEN). Muscle
glycogen represents emergency fuel because it is
readily broken down to blood glucose, and increas-
ing glycogen content in muscles delays exhaustion
and increases endurance. A modified regimen, six
days before competition would be: days 1-3, nor-
mal diet with 50 percent carbohydrate. Day 1, 90-
minute aerobic workout; days 2 and 3, 40-minute
workout. Days 4-6, high carbohydrate diet with 70
percent carbohydrate. Days 4 and 5, 20-minute
workout. Day 6, rest.

Carbohydrate loading will not increase endu-
rance when exercising less than 1.5 hours. How-
ever, eating high carbohydrate meals the night
before an athletic event and the day of the event
can assist individuals participating in short events
lasting up to 1.5 hours.

Carbohydrate loading is not recommended for
athletes over 40, for adolescent athletes, or for
people with kidney problems, heart disease, or
diabetes, nor is it recommended for anyone more
than twice a year. After repeated episodes of loading,
the glycogen in the heart increases. The additional
water content of cells can adversely affect heart per-
formance by altering the ability of those cells to per-
form work. (See also CARBOHYDRATE METABOLISM. )

Rauch, L. M., I. Rodger, G. R. Wilson, J. D. Belonje, S. C.
Dennis, T. D. Noakes, and J. A. Hawley. “The Effects of
Carbohydrate Loading on Muscle Glycogen Content
and Cycling Performance,” International Journal of
Sport Nutrition 5, no. 1 (1995): 25-36.

carbohydrate metabolism Cellular reactions that
convert carbohydrates to the simple sugar GLUCOSE,
and subsequently break down glucose to produce
energy or raw materials for cell synthesis. Lactose
(milk sugar) contains galactose, and sucrose (table
sugar) contains fructose (fruit sugar); both must be
converted to glucose prior to their being used by
cells.

Glucose After Digestion
Following digestion, simple sugars absorbed by the
small intestine are carried via the bloodstream to
the liver, which converts fructose and galactose

into glucose. After a carbohydrate meal, blood glu-
cose rises rapidly. In response to elevated blood
sugar levels, beta cells of the pancreas release the
hormone INSULIN, which promotes glucose uptake
by most tissues like muscle and fat cells. The brain
and the liver do not require insulin to use glucose.

Glycogen Metabolism

In muscle and in the liver, surplus glucose can be
linked up to form long, branched molecules called
GLYCOGEN, the major energy reserve in these two
tissues. Two hormones, EPINEPHRINE (adrenaline)
and GLUCAGON, stimulate glycogen breakdown
when energy is needed. The liver’s role is to main-
tain adequate BLOOD SUGAR levels; when the diet
does not supply enough carbohydrate the liver
releases glucose from liver glycogen by a process
called GrLycoGeNorysis. The liver also produces glu-
cose from noncarbohydrate materials like AMINO
ACIDS and LACTIC AcID through a branch of carbo-
hydrate metabolism called GLUCONEOGENESIS.

Glucose as a Source of Energy

Once in the cell, glucose can be used in many ways.
It can be burned for energy; it can be converted to
glycogen for storage; it can produce an agent to
supply hydrogen atoms used for biosynthesis,
NADPH (reduced nicotinamide adenine dinu-
cleotide phosphate), an enzyme helper based on
the B vitamin niacin. The carbon atoms of glucose
can be used to synthesize lipids. All cells of the
body can oxidize glucose to produce ATp, the ener-
getic currency of the cell.

A collection of enzymes work together to carry
out the first part of this process, called GLYCOLYSIS, to
yield PYRUVIC ACID, a three-carbon acid. Pyruvic acid
is shortened to acetic acid and the carbon atom is
removed as CARBON DIOXIDE. An activated form of
acetic acid called acetyl COENZYME A is used to syn-
thesize FATTY ACIDS and CHOLESTEROL. Alternatively,
acetic acid can be oxidized completely to carbon
dioxide by mitochondria, the cells’ powerhouses.
The oxidation of pyruvate and of acetyl CoA
requires the B vitamins NIACIN, RIBOFLAVIN, THIAMIN,
and PANTOTHENIC ACID, which form key enzyme
helpers (coenzyMES). The complete oxidation of
each glucose molecule yields 38 ATP molecules. This
is an excellent conservation of energy: it represents
an overall efficiency of about 40 percent.
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Glucose can also be oxidized by another route, a
series of reactions called the pentose phosphate
pathway, to produce the NADPH needed in the for-
mation of lipids like cholesterol and in other com-
pounds, and to produce ribose, a simple sugar
needed for DNA and RNA synthesis. (See also CAR-
BOHYDRATE DIGESTION; FAT METABOLISM.)

Flatt, Jeane-Pierre. “Use and Storage of Carbohydrate
and Fat,” American Journal of Clinical Nutrition 61,
supp. (1995): 9525-959S.

carbohydrate sweeteners A variety of carbohy-
drates used in food production and home cooking
as sweeteners. They include simple sugars (mono-
saccharides) such as FRUCTOSE and GLUCOSE, and
the more complex disaccharides, like SUCROSE
(table sugar).

Table sugar is highly purified from sugarcane or
from beet roots. Other processed sugars are chemi-
cally prepared; corn sugar (glucose, “dextrose”)
yields high-fructose corn syrup. Syrup and mo-
lasses are partially purified mixtures. Even honey is
considered a refined carbobydrate because it is
processed by bees from nectar. Naturally occurring
sweeteners are found in fruits, fruit juices, and
some vegetables, such as beets and carrots.

Carbohydrate sweeteners account for about 25
percent of the total calories of the typical American
diet. Regardless of their source, carbohydrate
sweeteners are converted to glucose before they
can be burned as fuels. Because they are purified
substances, not whole foods, they supply only
CALORIES.

Two-thirds of the sugar consumption in Amer-
ica represents sugar added by food and beverage
manufacturers and processors. Sucrose and fruc-
tose (FRUCTOSE CORN SYRUP) are the two most
prevalent sweeteners and are among the most
common FOOD ADDITIVES. Sucrose is added to
foods ranging from catsup to gelatin desserts. Cur-
rent U.S. guidelines recommend decreasing sugar
consumption while increasing consumption of
complex carbohydrates (starches and fiber). (See
also ARTIFICIAL SWEETENERS; CONVENIENCE FOOD;
EMPTY CALORIES.)

carbonated beverages See CARBON DIOXIDE.

carbon dioxide (CO,) A colorless gas produced
by the complete oxidation of organic compounds
through the release of energy. Carbon dioxide is
the endproduct when CARBOHYDRATE, PROTEIN, and
FATS are completely burned by the body to produce
energy (respiration). This gas readily diffuses out of
the cells where it is produced, dissolves in blood,
and is transported to the lungs. There, carbon diox-
ide migrates out into air, contained in the lungs,
while oxygen diffuses into the blood to replace that
used in respiration. The distance between blood
and air at the lung tissue lining is exceedingly
small, only 0.0001 cm—too small to slow gas
exchange. Shallow breathing and lung diseases
lead to excessive carbon dioxide buildup, which
can create acidic conditions (ACIDOSIS).

Carbon dioxide in the blood is more than a
waste product. It combines with water to form CAR-
BONIC ACID, which breaks down to BICARBONATE, a
major pH BUFFER to neutralize acids. The kidney
also forms bicarbonate to help maintain the acid-
base balance.

Industrial Uses of Carbon Dioxide

Carbonated beverages contain carbon dioxide
maintained under pressure. Carbon dioxide is
responsible for the bubbles in BEER, mineral water,
and SOFT DRINKS and contributes to their slightly
sour (acidic) taste. Carbon dioxide is used as a
refrigerant (dry ice), a foaming agent, and as a
growth promoter of plants in greenhouses. (See
also CARBOHYDRATE METABOLISM; FAT METABOLISM;
HEMOGLOBIN.)

carbonic acid A weak Acip formed when CAR-
BON DIOXIDE reacts with water in which it is dis-
solved. In beverages like champagne, BEER,
carbonated SOFT DRINKS, and sparkling water, dis-
solved carbonic acid provides the fizz and the tart
flavor.

Carbonic acid readily forms in the body when
carbon dioxide, released as fuel, is burned and dis-
solves in the bloodstream. Carbonic acid breaks
down to bicarbonate, and the mixture of bicarbon-
ate and carbonic acid is maintained by RED BLOOD
CELLS and the kidneys. Bicarbonate and carbonic
acid buffer the blood at pH 7.35 to 7.45 by resisting
changes in the hydrogen ion concentration. For
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example, bicarbonate neutralizes excess acids,
while alkaline substances (bases) introduced into
the bloodstream are neutralized by carbonic acid.
(See also ACIDOSIS; ALKALOSIS.)

carboxylic acids A large family of acidic com-
pounds found in foods and produced by metabolic
reactions. Carboxylic ACIDS are capable of releasing
hydrogen ions and neutralizing bases. Carboxylic
acids are classified as weak acids because they
release only a small fraction of their hydrogen ions.

When these acids are neutralized, they produce
“conjugate bases,” salt forms of the parent acids.
Carboxylic acids in cells, including LACTIC ACID, CIT-
RIC ACID, and FATTY ACIDS like PALMITIC ACID and
OLEIC ACID, have been neutralized and exist in cells
only as their conjugate bases. They are called,
respectively, lactate, citrate, palmitate, and oleate.

The AMINO AcCIDS can behave as acids, as the
name suggests. Two amino acids possess extra car-
boxyl (acidic) groups and are classified as acidic
amino acids: ASPARTIC ACID and GLUTAMIC ACID.

Many acidic compounds occur in foods as salts
or conjugate bases. Common FOOD ADDITIVES
include preservatives, SODIUM BENZOATE, potassium
sorbate, and CALCIUM PROPIONATE; acidifiers,
sobiuM, hydrogen phosphate, potassium tartrate,
sodium citrate, FUMARIC ACID. (See also CARBOHY-
DRATE METABOLISM; FOOD ADDITIVES.)

carboxypeptidase A pancreatic enzyme that
digests food PROTEINS in the intestine. Carboxypep-
tidase breaks down proteins by clipping the links
between AMINO ACIDS in proteins and is classified as
a proteolytic enzyme. Carboxypeptidase, like many
other enzymes, requires zINC as the cofactor.

Proteolytic digestive enzymes, including car-
boxypeptidase, are synthesized by the pancreas in
an inactive form to protect the pancreatic cell from
digesting itself. Only when it is released into the
intestine does it become fully activated. (See also
DIGESTION; PANCREAS; ZYMOGEN.)

carcinogen An agent or substance that causes
CANCER in experimental animals or humans. Car-
cinogens occur in the environment as certain PESTI-
CIDES, cigarette smoke, ozone, or mold toxins.

Some industrial chemicals cause cancer. Four per-
cent of the 10,000 tested chemicals have been
shown to cause cancer in animals. Carcinogens
may be various forms of ionizing radiation: X rays,
ultraviolet light in sunlight, and emissions from
radioactive materials like radon.

Carcinogens may be produced within the body
by normal processes. The liver may convert a for-
eign compound into highly reactive oxides in an
attempt to render it more water soluble, and
hence excretable by the kidney. The BENZOPYRENE
in cigarette smoke is such an example. Alterna-
tively, carcinogens may form spontaneously in the
body. The food preservative NITRITE reacts with
amines, nitrogen-rich compounds in the digestive
tract, to form NITROSOAMINES, which are carcino-
gens.

Trace amounts of carcinogens may inadvertently
contaminate meat, dairy products, fruits, and veg-
etables. These include insecticides, like Heptachlor;
FUNGICIDES, like O-phenylphenol; and HERBICIDES
like Alachlor. Several chemicals used as feed addi-
tives for livestock and poultry are suspected car-
cinogens (such as gentian green). Whether or not
exposure to multiple low-level residues poses a tol-
erable risk is still being debated.

Plants have evolved multiple chemical defenses
to protect themselves against predators, and a vari-
ety of plant agents occur naturally in foods that,
when isolated in pure form, have been shown to
cause cancer in experimental animals. Americans
eat an estimated 1.5 grams of natural pesticides
daily. About half have been found to be carcino-
genic in animals. It has been proposed that natu-
rally occurring carcinogens pose a greater threat
than synthetic chemicals and pollutants. On the
other hand, there is little evidence that foods them-
selves cause cancer. To the contrary, plant foods are
a rich storehouse of potential anticancer agents:
VITAMIN C, CAROTENOIDS like BETA-CAROTENE and
VITAMIN E. Substances like phenethyl isothio-
cyanate and indoles found in the cabbage family,
and certain FLAVONOIDS such as ellagic acid, in
strawberries and other fruits and vegetables, are
powerful protective agents. More remain to be
identified. Parsley, sage, oregano, and rosemary
prevent toxin-producing MOLD from growing,
and garlic, onions, cumin, cloves, and CARAWAY
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possess compounds that reduce the effects of
cancer-causing agents.

Examples of common foods that contain possi-
ble cancer-causing substances include celery, pars-
ley, and parsnips, which contain a chemical
(5-methoxypsoralen) that can be a carcinogen
when applied to the skin of experimental animals.
It is unknown whether this causes cancer when
consumed.

The common supermarket white mushroom
(Agaricus bisporus) and the false morel, a wild
mushroom, contain agartine. There is limited evi-
dence that its breakdown products may cause can-
cer in experimental animals; however, agartine is
destroyed by cooking.

Peels of oranges and other citrus fruits contain
d-limonene. Studies of limonene are mixed: Some
show that it did not cause cancer in lab animals,
others that it acted as an anticarcinogen, and still
others that it can cause cancer.

Beets, lettuce, radishes, spinach, and other dark-
green leafy vegetables contain nitrate, which can
be slowly converted to nitrite in the body, which
can form carcinogenic nitrosoamines. The vitamin
C and fiber present in these vegetables seem to
counter this risk.

Identifying cancer-causing substances is com-
plex. For example, a substance such as CAPSAICIN
can pose a low-level cancer risk to the gut and at
the same time may be an anticarcinogen else-
where.

Natural carcinogens are often less powerful than
synthetic carcinogens. More research is needed to
evaluate the net effect of natural carcinogens and
anticarcinogens together with fat, fiber, and others
implicated in foods.

Overall, the predominance of evidence indi-
cates that giving up smoking and improving the
diet are the best defenses against cancer. The U.S.
surgeon general and other experts recommend
eating more fruits, vegetables, and legumes and
less fat to reduce the risk of cancer. (See also ARTI-
FICIAL FOOD COLORS; FOOD TOXINS; MEAT CONTAMI-
NANTS; PESTICIDES; RISK DUE TO CHEMICALS IN FOOD
AND WATER.)

cardamom (Elettaria cardamomum) An aromatic
spice native to tropical Asia that is a member of the

ginger family. Cardamom seeds are sun-dried and
marketed whole and cardamom is used as a sea-
soning in curry, stews, processed meats like FRANK-
FURTERS and sausages, pickling spices, and even
pastries. Cardamom seeds contain several sub-
stances with cavity-fighting properties—contribut-
ing to a growing body of natural substances that
potentially can fight disease.

cardiovascular disease (CVD) Chronic diseases
of the heart and blood vessels associated with aging.
CVD accounts for more than half of all deaths in the
United States. The epidemic of CVD appeared in the
1920s, and mortality due to CVD increased until the
1960s, when the rate declined rapidly. In recent
years the decline has slowed, yet this disease still
affects nearly 66 million Americans; 1 million die
each year, and most American men have a degree
of arterial disease (clogged arteries).

The following are classified as cardiovascular
diseases: ARTERIOSCLEROSIS (a general thickening or
hardening of arterial walls), ATHEROSCLEROSIS (lipid
accumulation on arterial walls), CORONARY ARTERY
DISEASE (atherosclerosis of the arteries that supply
blood to the heart), heart attack (damage to the
heart muscle due to blocked arteries), STROKE
(damage to the brain due to reduced blood flow
because of blocked or damaged arteries), HYPERTEN-
SION (elevated blood pressure), peripheral vascular
disease (varicose veins, thrombophlebitis, athero-
sclerosis of extremities), and congestive heart fail-
ure. Several conditions cause arterial disease.
Aneurysms are weakened segments of vessels that
fill with blood, causing the vessel to balloon out-
ward. Disorders of the muscle sheath may cause
arteries to constrict or to dilate. In atherosclerosis,
deposits (PLAQUE) on the inner arterial wall may
cause blockage.

Major risk factors for CVD increase the odds of
developing the condition, but they do not guaran-
tee an individual will develop it, nor does the
absence of risk factors guarantee that a person
won’t have a heart attack. Risk factors include high
blood pressure, cigarette smoking, elevated serum
cholesterol (or, more precisely, elevated LOow DEN-
SITY LIPOPROTEIN (LDL) cholesterol), elevated serum
TRIGLYCERIDES obesity, diabetes, stress, lack of aero-
bic exercise, a family history of cardiovascular dis-
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ease, male gender, and increasing age. Recently, ele-
vated blood homocysteine (an amino acid break-
down product) was found to be an independent risk
factor for coronary heart disease. A reduced sensi-
tivity to the hormone insulin (INSULIN resistance) is
as great a risk factor for obstructive artery disease as
high blood pressure or cigarette smoking.

These risk factors are more than additive; the
combined effect of two or more risk factors is
greater than it would be calculated by adding risks
together. For an individual with three risk factors,
the chances of heart disease are six times greater
than when only one risk factor is present.

The Centers for Disease Control and Prevention
found in 1992 that only 18 percent of Americans
over age 18 were completely free of major risk fac-
tors for CVD. Among the least healthy were men
between the ages of 50 and 64 and women over 65.
Only 9 percent had no major risk factors.

Some risk factors can’t be c