
CHAPTER 8

Minerals

KEY CONCEPTS

The human body requires a variety of minerals

to perform its numerous metabolic tasks.

' A mixed diet of varied foods and adequate

energy value is the best source of the minerals

that are necessary for health.

Of the total amount of minerals that a person

consumes, only a relatively limited amount is

available to the body.

ver the course of Earth's history, shifting oceans and plate tectonics

have deposited minerals throughout its crust. These minerals move from

rocks to soil to plants to animals and people. Not surprisingly, the

mineral content of the human body is quite similar to that of Earth's crust.

In nutrition, we focus only on mineral elements: single atoms that are simple

compared with vitamins, which are large, complex, organic compounds. However,

mrnerals perform a wide variety of metabolic tasks that are essential to human

life.

This chapter looks at minerals and shows how they differ from vitamins with

regard to the variety of their tasks and in the amounts, which range from relatively

large to exceedingly small, that are necessary to do those tasks.

NATURE OF BODY MINERALS

Most living mailer is composed of four elements: hydro

gen, carbon, nitrogen, and oxygen, which are the building

blocks of life. The minerals that are necessary to human

nutrition are elements widely distributed in nature. Of the

118 elements on the periodic table, 25 are essential to

human life. These 25 elements, in varying amounts,

perform a variety of metabolic functions.

Classes of Body Minerals

Minerals occur in varying amounts in the body. For

example, Q relatively large amount (approximately 2%) of

our total body weight is calcium, most of which is in the

bones. An adult who weighs 150 Ib has approximately 3 1b

of calcium in the body. Iron, on the other hand, is found

in much smaller quantities, The same adult who weighs

150 lbhasonlyapproximatelyO.il oz of iron In his or her

body. In both cases, the amount ofeach mineral is specific

to its task.

The varying amounts of individual minerals in the

body are the basis for classification into two main groups.

Major Minerals

The term major describes the amount of a mineral in the

body and not its relative importance to human nutrition.

erals have a recommended intake of more

than 100 mg/day. 'Ihe seven major minerals are calcium.

t a single type of acorn; a total of 118 elements

have been identified, of which 94 occur naturally on

Earth; elements cannot be broken down into smaller

substances.

■als the group ofminerals that are required

by the body in amounts of more than 100 mg/day.
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For more information about the role ol folk acid

with regard lo neural tube defects, see the following Web

sites;

Centers for Disease Control and Prevention, www.cdc.gov/

ncbddd/lblicacid/index.html

Spins Bifida Association of America, www.sliaa.or^

Tlie following organizations and articles provide current

information and guidelines regarding dietary recommen

dations for nutrient consumption:

Center for Science in tile Public Interest, www.cspinet.org

Centers for Disease Control and Prevention, Frui! and Veggies
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BOX 8-1 MAJOR MINERALS AND TRACE

MINERALS IN HUMAN NUTRITION

Major Minerals*

Calcium (Ca)

Phosphorus (P)

Sodium (Na)

Potassium (K)

Chloride (CI)

Magnesium (Mg)

Sulfur (S)

Trace Minerals

Essential'

Iron (Fe)

Iodine (\)

Zinc (Zn)

Selenium (Se)

Fluoride (Fl)

Copper (Cu)

Manganese (Mn)

Chromium (Cr)

Molybdenum (Mo)

Cobalt (Co)

Boron f B)

Vanadium (V)

Nickel (Ni)

Essentiality Unclear

Silicon (Si)

Tin (Sn)

Cadmium (Cd)

Arsenic (As)

Aluminum (Al)

" Required intake of more than 100 mg/day.

tReL]uircd intake of leu ch.in 100 mg/day.

phosphorus, sodium, potassium, magnesium, chloride,

and Sulfur. Because the body cannot make any minerals,

all minerals must be consumed in the loods that We eat.

Trace Minerals

The remaining 18 elements make up the group of ti

minerals. These minerals are no less important to human

nutrition than the major minerals; however, smaller

amounts of them are in the body. Trace minerals have a

recommended intake of less than 100 mg/ciay. Box 8-1

provides a list of all of the minerals thai are essential to

human nutrition.

Functions of Minerals

These simple single elements perform a wide variety of

metabolic tasks in the body. They are involved in

processes of building tissue as well as activating, regulat

ing, transmitting, and controlling metabolic processes.

For example, sodium and potassium are key players in

water balance. Calcium and phosphorus are required tor

osleoclasts lo build done. Iron is critical to the oxygen

carrier hemoglobin. Cobalt is at the active site of vitamin

B|>. Thyroid peroxidase in thyroid cells uses iodine to

make thyroid hormone, which in turn regulates the

overall rate of body metabolism. Minerals are essential,

and they are involved in most of the body's metabolic

processes.

Mineral Metabolism

Mineral metabolism is usually controlled either al the

point of intestinal absorption or al the point of tissue

uptake.

Digestion

Minerals are absorbed and used in the body in their ionic

forms, which means that they are carrying either a posi

tive or negative electric charge. Unlike carbohydrates,

proteins, and fats, minerals do not require a great deal of

mechanical or chemical digestion before absorption

occurs.

Absorption

Tlie following general factors influence how much ol a

mineral is absorbed into the body from the gastrointesti

nal Iract: (1) food form—minerals from animal sources

arc usually more readily absorbed than those from plant

sources; (2) body need—more is absorbed if the body is

deficient than if the body has enough; and (3) tissue

health—if the absorbing intestinal surface is affected by

disease, its absorptive capacity is greatly diminished.

The absorptive method for each mineral depends on

its physical properties. Some minerals require active

transport to be absorbed, whereas olhers enter the intes

tinal cells by diffusion. Compounds found in foods may

also affect the absorptive efficiency. For example, the pres

ence of fiber, phytate, or oxalate—all of which are found

in a variety of whole grains, fruits, and vegetables—can

bind certain minerals in the gastrointestinal tract, thereby

Inhibiting or limiting their absorption.

Transport

Minerals enter the portal blood circulation and travel

throughout the body bound to plasma proteins or min

eral-specific transport proteins (e.g., iron is bound to

iransferrin in the circulation).

erals the group of elements that arc required

by the body in amounts of less than 100 mg/day.
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Tissue Uptake

The uptake of some minerals into their target tissue is

controlled by hormones, and excess minerals arc excreted

into the urine. For example, thyroid-stimulating

hormone (TSH) controls the uptake of iodine from the

blood by the thyroid gland depending on the amount thai

the thyroid gland needs to make the hormone thyroxine.

When more thyroxine is needed, TSH stimulates the

thyroid gland to lake up iodine and the kidneys to excrete

less iodine into the urine. When the thyroxine concentra

tion is normal, less TSH is released from the anterior

pituitary gland, thereby resulting in less iodine uptake by

the thyroid gland and more excretion of iodine into the

urine by the kidneys.

Occurrence in the Body

Body minerals are found in several forms in body tissues.

Tile two basic forms in which minerals occur in the body

are as free ions in body fluids (e.g., sodium in tissue fluids,

which influence water balance) and as covalenlly bound

minerals that may be combined with other minerals (e.g.,

calcium and phosphorus in hydroxyapatite) or with

organic substances (e.g., iron that is bound to heme and

globin to form the organic compound hemoglobin).

MAJOR MINERALS

Calcium

The intestinal absorption of dietary calcium depends on

the looti form (e.g., plant forms are sometimes bound to

oxalate or phytate and thus are not readily available) and

the interaction of three hormones (i.e., vitamin 1), para

thyroid hormone, and calcitonin [from the thyroid

gland]) that directly control calcium's intestinal absorp

tion and use, along with indirect control by the estrogens

(i.e., sex hormones produced primarily by the ovaries).

Functions

After it has been absorbed, calcium has four basic func

tions in the body.

Bone and Tooth Formation. More than 99% of the

body's calcium is found in the bones and teeth. Approxi

mately 1% to 2% of adult body weight is calcium. When

hydroxyapalite is removed from bone, the remaining

tissue is a collagen matrix. If dietary calcium is insuffi

cient during critical periods (e.g., the initial formation of

the letai skeleton, childhood growth, or the rapid growth

oi long bones during adolescence), then the construction

of healthy bones is hindered. Teeth are calcified before

they erupt from the gums; thus, insufficient dietary

calcium later in life does not affect tooth structure as il

does bone structure.

Blood Clotting. Calcium is essential for the forma

tion of fibrin, which is the protein matrix of a blood clot.

jn. Calcium ions are required

lor muscle contraction and the release of neurotransmil-

ters from neuron synapses.

us. Calcium is necessary for

many general metabolic functions in the body. Such func

tions include the intestinal absorption of vitamin Bn,

the activation of the fat-splitting enzyme pancreatic

lipase, and the secretion of insulin by the |) cells of the

pancreas. Calcium also interacts with the cell membrane

proteins that govern the cell membrane's permeability

to nutrients.

Requirements

The Dietary Reference Intake (DRI) for calcium should

provide sufficient calcium nourishment for the body

while recognizing that a lower intake may be adequate for

many individuals. For all infants who are up to 6 months

old, the Adequate Intake (AI) level is 200 mg/day; for

infants who are 7 to 12 months old, the AI is 260 mg/day.

Calcium needs increase during the growth years of child

hood and adolescence, during which the Recommended

Dietary Allowances (RDAs) are as follows: 1 to 3 years,

700 mg/day; 4 to 8 years, 1000 mg/day; and 9 to 18 years,

1300 mg/day. For both men and women between the ages

of 19 to 50 years, the RDA for desirable calcium retention

is 1000 mg/day, with a rise to 1200 mg/day for women

who are more than 50 years old. During pregnancy and

lactation, the RDA is currently set as being equal to the

level for the general age group, as follows: 1300 mg/day

for up to the age of 18 years and 1000 mg/day forages 19

years old and older.'

Deficiency States

Various bone deformities may occur if sufficient dietary

calcium is unavailable during growth years. The defi

ciency disease rickets is related to an inadequate level of

vitamin D to support the intestinal absorption of calcium.

A decrease of blood calcium concentration (i.e., hypocal-

cemia) relative to blood phosphorus concentration results

in tetany, which is a condition that is characterized by

thyroid-stimulating hormone (TSH) an anterior pitu

itary hormone that regulates the activity of the thyroid

gland; also known as thyrotropin.

hypocalcemia a serum calcium level that is below

normal.
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Figure 8-1 Osteoporosis. Normal bone (left) versus

osteoporotic bone (right). (Reprinted from Mah.in LK,

Escott-Stump S. Krause's food & nutrition therapy. 1 2th ed.

Philadelphia: Saunders; 2008.)

muscle spasms. The mosl common calcium-related clini

cal issue today is osteoporosis. Osteoporosis is an abnor

mal decrease in bone density, especially in po.stmeiiopausal

women, thai is characterized by reduced bone mass,

increased bone fragility, and a greater risk for the develop

ment of bone fractures (iugurc 8-1). Such bone fractures

are becoming more common among elderly men as well.

Each year in the United States, more than 1.5 million

bone fractures and $17 to $20 billion in health care costs

are linked to osteoporosis (see the Cultural Consider

ations box, "Bone Health in Gender and Ethnic Groups").'

Osteoporosis is not a primary calcium deficiency

disease as such; rather, it results from a combination of

faclors that create chronic calcium deficiency. These

factors include the following: (I) inadequate calcium

intake; (2) poor intestinal calcium absorption relaled to

deviations in the amounts of hormones that control

calcium absorption and metabolism; and (3) a lack o!

physical activity, which stimulates muscle insertion into

bones and significantly influences bone strength, shape,

and mass. Insufficient physical activity contributes to the

development of osteoporosis, and immobility after injury

or disease can cause serious bone loss. Hone is a dynamic

tissue, with both new bone formation am! resorpti

occurring constantly. A portion of the skeleton is reab-

sorbed and replaced with new bone each year; this bone

remodeling can affeci up to 50% of total bone mass per

year in young children and approximately 5% of bone

mass in adults. Unfortunately, bone resorption often

exceeds bone formation in postmc-nopausa! women and

in aging men. The interaction of factors in osteoporosis

that result in bone calcium resorption outpacing bone

calcium deposition are not fully understood. Increased

calcium intake alone—be it via dietary calcium or

.supplemental calcium—does not prevent osteoporosis in

susceptible adults or successfully treat diagnosed cases ol

osteoporosis. Therapies that reduce bone loss in osteopo

rosis include combinations of the various faclors that are

involved in the building of bones: dietary calcium, the

active hormonal form of vitamin D, estrogens, and

weight-bearing physical activity.

Food intake studies report that the average calcium

intakes of females from adolescence through adulthood

are generally well below the DRI. The period of life during

which bone density reaches its peak is also the period of

life where teenage girls are likely to experience the largest

dietary calcium deficit.' Teenage girls consume 878 mg/

day of calcium on average, whereas the recommended

RDA is 130()mg/day. Deficiencies during this critical

period of bone development may have long-term negative

outcomes with regard to overall bone strength and risk

for osteoporosis.1

Toxicity Symptoms

The toxicity of calcium from food sources is unlikely.

However, a Tolerable Upper Intake Level (UL) for calcium

has been set at 2000 to 3000 mg/day (depending on age}

as a result of the negative effects of excessive calcium

supplementation over lime. Hypercalcemia is associated

with the calcification of soft tissue and the decreased

intestinal absorption of several other minerals. Calcium

can interfere with the intestinal absorption of iron, mag

nesium, phosphorus and zinc, thereby reducing the bio-

availability of these essential nutrients.

Food Sources

Milk and milk products are the most important sources

of readily available calcium. Milk that is vised in cooking

(e.g., in soups, sauces, or puddings) or in milk products

such as yogurt, cheese, and ice cream is an excellent

source of dietary calcium (Tigure 8-2). Calcium-fortified

tofu, fruit juices, and other food products (e.g., cereals,

cereal bars) are also high in bionvailable calcium. In

arosis an abnormal thinning of the bone that

produces a porous, fragile, lattice-like bone tissue of

enlarged spaces that are prone to fracture or

deformity.

resorption the destruction, loss, or dissolution of a

tissue or a part of a tissue by biochemical activity

(e.g., the loss of bone, the loss of tooth dentin).

hypercalcemia a serum calcium level that is above

normal.
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CULTURAL CONSIDERATIONS

BONE HEALTH IN GENDER AND ETHNIC GROUPS

The World Heakh Organization defines osteopenia as a

bone mineral density (DMD) of between 1 and 2.5 standard

deviations below the mean of a reference group. Osteopo

rosis involves a BMD of 2.5 standard deviations or more

below the mean of the reference group.

Osteoporosis affects a significant number of" older

Americans. Currently, 2% of men (0.8 million) and 10% of

women (4.S million) who are 50 years old or older are living

with osteoporosis.' An additional 34.5 million Americans

have osteopenia, which is a significant risk factor for

osteoporosis.

Osteoporosis often is thought of as a "white woman's

disease." However, this debilitating bone disease is prevalent

in men and other ethnic groups as well. It is well established

that there is a disparity between genders. The National

Institutes of Health estimates that one out of every two

women (compared with one in four men) who are 50 years

old or older will have bone fractures at some poini during

their lives as a result of osteoporosis/ With regard to differ

ences among ethnic groups, a reccnc study found that

non-Hispanic black men and women had the highest BMD

and the lowest risk for osteoporosis throughout life

compared with other ethnic groups. The same researchers

found chat non-Hispanic white men and women

had significantly higher BMDs than Mexican Americans.3

The reasons for these observed differences by race are

unclear; however, ethnicity, gender, and age are all well

accepted as important factors when calculating the risk for

osteoporosis, which is the most common form of bone

disease.

Many factors are involved in BMD and the relative risk for

the development of fragile bones, including body weight,

physical activity, hormonal influences, and dietary intakes of

several vitamins and minerals (not just calcium). Nutrition

affects bone health by providing the materials that are

needed for tissue deposition, maintenance, and repair.

Overall bone strength is determined by BMD and the col
lagen matrix formation. Collagen, which is a structural

protein, accounts for more than 20% of the dry weight of

total bone mass and 90% of the organic bone matrix. Col

lagen degradation is associated with osteoporosis. As such,

the vitamins and minerals thai are critical for a strong col

lagen and bone matrix also are integral to overall bone

health. A delicate balance of several nutrients is important

for healthy bone building, including protein; vitamins C, D,

and K; calcium; phosphorus; copper; magnesium; manga

nese; potassium; and zinc.

Osteoporosis is currently costing Americans more than

S17 billion annually in direct medical costs. Coupled with

the general trends of an aging population, this bone disease

is a serious national concern. Because HMD reaches a peak

mass by the average age of 30 years, the years before this

are vital for developing healthy bones and preventing the

onset of osteoporosis. Establishing peak bone mass ensures

a greater reserve of bone mineral and collagen so that, as

age-associated degradation ensues, efTects are essentially

postponed or abated altogether. A healthy diet following the

MyPlate guidelines should provide all of the essential nutri

ents, and it is imperative during the first three decades of

life to establish healthy bones.

For more information about osteoporosis please see the

Web site of the National Institutes of Health Osteoporosis

and Related Bone Diseases National Resource Center at

www.niams.nih.gov/heal th_info/bone/osteoporosis/.

1. Looker AC, Melton LJ 3rd, Hnrns T13, et al. Prevalence and trends in low femur bone density among older US adults' NHANES 2005-2006
compared wilh NHANES U\.J Bant Miner Res. 2010; 25:6-1-71.

2. National Institutes of Health Osteoporosis and Related Bone Diseases National Resource Center. Osteoporosis in men (website): www.
niam5.mh.gav/Healrh_lnfo/Bone/Os[i-op()rosis/men.,isp. Accessed October fi, 2011.

3. Looker AC, Melton LJ 3rd, Harris T, et a). Age, gender, and race/ethnic differences in total bod/ ,md subregional bone density, Oiteofloras
Int. 2009'. 20:11.11-1149. r

addition, several plants provide a natural source of this

important mineral. Calcium in low-oxalate greens such

as bok choy, broccoli, collard greens, kale, and turnip

greens is absorbed and am be an important source of

calcium for vegetarians. Oxalic acid is a compound that

is found in plants such as .spinach, rhubarb, Swiss chard,

beet greens, and certain other vegetables and nuts that

forms an insoluble salt with calcium (calcium OXalate),

thus interfering wilh the intestinal absorption ofcalcium.

Phytate, which is another plant compound that is found

in grains such as wheat, can bind with calcium and inter

fere with its Intestinal absorption. Table 8-1 lists food

sources of calcium.

In addition to food sources, calcium intake from sup

plements is widespread. Surveys show that almost 6% of

women in the United States specifically lake calcium

supplements, whereas 22% of the total population takes a

nuillivilamin and mineral supplement that contains some

calcium." The bio&vsilability of calcium from supple

ments depends on the dose and whether it is laken with

a meal. Calcium is best absorbed in doses of 500 mg or

less and when taken with food rather than on an empty

stomach {see the For Further Focus box, "Calcium From

Food or Supplements: Which Is Better?").

Phosphorus

Functions

Tile phosphorus atom in nature is most commonly found

in combination with four oxygen atoms lo form the
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TABLE 8-1 FOOD SOURCES OF CALCIUM

Item Quantity Amount (mg)

Figure 8-2 Milk is the major food source of calcium.

(Copyright Phoios.com.)

phosphate molecule. Phosphorus anil calcium (in the

form ofhydroxyapatite) are critical lo bone formation. In

addition, phosphorus functions in the following meta

bolic processes.

'ooth Formation. The calcification of

bmies and teeth depends on the deposition of hydroxy-

apatite [CaUPOiMOH),] by osteoblasts in bone's colla

gen matrix. The ratio of calcium to phosphorus in typical

bone is approximately 1.5:1 by weight.

Energy Metabolism. Phosphorus in the form ol

phosphate (I'O.,1") is necessary for the controlled oxida

tion ofcarbohydrate, fat, and protein lo release the energy

in their covaleai bonds [as a component ofthiamin pyro-

phosphate), and it captures energy for use in the body as

a component of adenosine triphosphate. Phosphate is also

involved in protein construction (as a component of

RNA), cell function (as a component of cell enzymes acti

vated by phosphorylation), and genetic inheritance (as a

component of UNA).

Acid-Base Balance. Phosphate is an important

chemical butler that helps to maintain the pH homeosta-

sis ofbody fluids.

Requirements

The typical American diel contains enough phosphorus

to meet body needs. Surveys indicate that the mean daily

phosphorus intake in the United States is approximately

1297 mg/day.'' The Al level during ihe first 6 months of

life is 100 mg/day, and, from the ages of 7 lo 12 months,

it is 275 mg/day. Healthy breasl-fed infants receive

Bread, Cereal, Rice, and

Corn muffin,

commercially prepared

Cream of Wheat cereal,

cooked

English muffin, plain,

enriched

Oatmeal, instant,

fortified, prepared with

water

Whole-grain cereal, Total

Vegetables

Coilard greens, bailed

Spinach, boiled*

Pasta

1 medium

(113g)

% cup

1 muffin

(57 g)

% cup

y* cup

% cup

% cup

84

86

93

98

1000

140

122

Fruits

Orange juice, fortified 8 (1 oz 351

with calcium and

vitamin D

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Salmon, pink, canned, 3 oz 235

drained solids with

bone

Sardines, canned in oil, 3 oz 325

solids with bone

Soybeans, boiled y: cup 88

Tofu, raw, firm, prepared yt cup 861

with calcium sulfate

Milk and Dairy Products or Their Substitutes

Cheese, mozzarella, part 1 oz 222

skim milk

Milk, skim S fl oz 301

Milk, whole 8 fl oz 276

Soy milk 8 fl oz 93

Soy milk, calcium 8 fl oz 368

fortified

Tofu yogurt 8 II oz 309

Yogurt, plain, low fat S I! oz 448

'Low bioavailability.

Data from the U.S. Department of Agriculture, Agricultural

Research Service: Nutrient Data Laboratory. USUA nutrient dalabme

for standard reference (website): www.ars.usila.gov/ba/bhnrc/ndl.

Accessed October 2010.

adequate phosphorus. l;or children, the RDA varies with

the stage ofgrowth. Between the ages of I and 3 years, the

RDA is 460 mg/day; between the ages of 4 and 8 years, it

is 500 mg/day. Prom the ages of 9 lo 18 years, which is a

period of rapid bone growth, the RDA is 1250 mg/day.

'Ihe established RDAs in the DRI guidelines for both men

and women who are 19 years old and older is 700 mg/day,

With no additional needs established for women who are

pregnant or lactatlng.
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FOR FURTHER FOCUS

CALCIUM FROM FOOD OR SUPPLEMENTS: WHICH IS BETTER?

If only we could take a supplement to meet .ill of our nutri

tion needs, then we would not have to bother with eating

healthy! Unfortunately, that is :he type of thinking that fuels

the continued search for the "magic pill." Good health is

not a simple matter, and our bodies are no simple machines.

They require lots of nutrients to function properly, and these

must be provided by the diet. One of the major minerals

that is needed by our body is calcium. According to the

National Health and Nutrition Examination Study, relatively

few women meet their Adequate Intakes for calcium through
their diets. The graph below represents the average calcium

intake for females by age group.

1400

| D Current intakes — DRI |

From the U.S. Department of Agriculture.

Agricultural Research Service. Nutrient intakes from

food: mean amounts consumed per individual, by gender

and age. What We Eat in America, NHANES

20U7-2008 (website): www,ars.usda.gov/

SP2UserFiles/Placc/123S5000/pdf/Q708/

Table_1_NIN_GEN_07.pdf. Accessed October 8,

2011; and Food and Nutrition Board, Institute of

Medicine. Dietary reference intakes far calcium,

phosphmous, magpeuum, vitamin D, and fluoride.

Washington, DC: National Academies Press;

1997.

£

|o
ra

CJ

1200-

1000-

800-

eoo-

400

700

mg/day

1,300 mg/day

1,200 mg/day

1.000

mg/day

2-5

A variety offactors influence our dietary intake ofcalckim.

Over the past decade, Americans' food choices have changed

in ways that directly affect calcium-rich food consumption.

For example, Americans are replacing milk with soft drinks;

they are eating out more often at restaurants; they seem to

be perpetually dieting (and dairy products are ofien one of

the first foods to go); and they are largely unaware of the

healthy link between calcium-rich foods and health.

Health organizations such as the National Institutes of

Health, the Academy of Nutrition and Dietetics, the Ameri

can Medical Association, and the National Academy of Sci

ences agree that the best source of calcium is dairy products.

The primary reason for this is because, unlike calcium sup

plements, calcium-rich foods supply the body with other

beneficial nutrients as well, including protein; vitamins A,

Bij, and D (if fortified); magnesium; potassium; riboflavin;

niacin; and phosphorus. Some nondairy foods naturally

contain calcium, including salmon with bones, dried beans,

turnip greens, mustard greens, kale, tofij, and broccoli.

Most people find that meeting the Dietary Reference Intake

for calcium exclusively from nondairy foods can be difficult,

because the relative amount of calcium in these foods is

significantly less than chat found in dairy products. For

example, half a cup ofchopped kale has 47 mg of calcium,

whereas 8 oz of skim milk contains 302 mg. In addition,

12-19 20-29 30-39 40-49 50-59 60-69 70*

Age (yr)

many vegetables contain phytates and oxalates that form

insoluble complexes with calcium and thus, decrease their

bioavailability to the body.

Keller and colleagues analyzed the consumer cost and

bioavailability of calcium From major sources. They found

that Total cereal was the least expensive food source of

calcium, with fluid milk and calcium-fortified orange juice

being the next least expensive.' Calcium from supplements

may be found in a variety of forms, including calcium car

bonate, citrate, phosphate, lactate, and gluconate. The

amount of calcium absorbed into the body from these

sources varies considerably. Of the calcium supplements,

calcium carbonate in a chevvable Form (e.g., Turns) or sup

plement provides the least expensive and most bioavailable

source of calcium, with a 34% absorption fraction.1

The best way to improve one's overall diet is to consume

a variety oFfoods that are high in calcium, preferably from

dairy or fortified dairy substitute sources. However, calcium-

fortified foods and supplements may be necessary for some
people to meet their recommended intake of calcium.

Calcium is best absorbed in doses of 500 mg or less at a

time.

Regardless of where your calcium comes From, take a

moment to consider the overall value of your diet, and

assess whether improvements are warranted.

For more information about the fortification of calcium in the American food supply, plense see RafTcrty K, Wallers G, Heaney RP. Calcium
fortificants: overview and strategies for improving calcium nuiriiure of the U.S. population. J Food Sri. 2007; 72:R1S2-R158.
1. Keller JL, Unou A, Barnard ND. The consumer cose of calcium from food and supplements. J Am DietAssoc. 2002; 102(11]:
1669-1671.
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Deficiency States

Phosphate (the dietary form of phosphorus) is widely

distributed in foods; thus, a deficiency is rare. A person

must be completely deprived of food for an extended

period to develop a dietary phosphorus deficiency. The

only evidence of deficiency has been among people who

consumed large amounts of antacids that contained alu

minum hydroxide. The aluminum (Al3+) binds with phos

phate, thereby making the phosphate unavailable for

Intestinal absorption. Phosphorus deficiency (i.e., hypo-

phosphatemia) results in bone loss; it is characterized by

weakness, loss of appetite, fatigue, and pain.

Toxlcity Symptoms

A toxidty of phosphorus (i.e., hyperphosphatemia) from

food intake is equally rare. However, if phosphorus intake

is significantly higher than calcium intake for a long

period, bone resorption may occur. The DRI guidelines

list the Ul. for phosphorus at 4 g/day for people between

the ages of 9 and 70 years.'

Food Sources

Phosphorus is part of all living tissue, and it is found in all

animal and plant cells; therefore, phosphorus is sufficient

in the natural food supply of virtually all animals. High-

protein foods are particularly rich in phosphorus, so

milk and milk pmducls, meat, fish, and eggs are the

primary sources of phosphorus in the average diet. The

bioavailability of phosphorus from plant seeds (e.g., cereal

grains, beans, peas, other legumes, nuts) is much lower,

because these foods contain phytic acid, which is a storage

form of phosphorus in seeds thai humans cannot directly

digest. However, intestinal bacteria can make up to 50% of

phosphorus from phytic acid available for intestinal

absorption. Table 8-2 outlines some main food sources of

phosphorus.

Sodium

Sodium is one of the most plentiful minerals in the body.

Approximately 120 g (4.2 oz) is present in an adult body.

Functions

The main function of sodium is the maintenance of body

water balance, which is discussed further in Chapter 9.

Sodium also has important tasks in muscle action and

nutrient absorption.

Water Balance. Ionized sodium concentration is the

major influence on the volume of body water outside of

the cells (i.e., extracellular) (Figure 8-3). Variations in

sodium concentration largely control the movement of

water across biologic membranes by osmosis. Sodium is

TABLE 8-2 FOOD SOURCES OF PHOSPHORUS

Amount

Item Quanticy

Vegetables

Potato, baked, with skin

Meat, Poultry, Fish, Dry Beans,

Almonds, roasted

Bacon, fried

Beef, ground, 70% lean, pan

browned

Beef liver, pan fried

Beef top round, lean, broiled

Chicken, dark meat, roasted,

without skin

Chicken, white meat, roasted,

without skin

Chickpeas (garbanzo beans),

boiled

Clams, cooked, moist heal

Cod, cooked, dry heat

Crab, Alaskan king, cooked,

moist heat

Halibut, cooked, dry heat

Ham, sliced, regular (11% fat)

Lentils, boiled

Lobster, cooked, moist heat

Pinto beans, boiled

Sirloin steak, lean, broiled

Soybeans, boiled

Tofu, raw, firm, prepared with

calcium sulfate

Trout, rainbow, cooked, dry

heat
Tuna, light, canned in water,

drained solids

Milk and Dairy Products

Cheese, cheddar

Cheese, mozzarella, pan skim

milk

Cottage cheese, 1% milk fat

Milk, 1% fat

Yogurt, plain, low fat

1 medium

(173 g)

Eggs, and

1 oz(22

nuts)

3 medium

slices

3oz

.5 oz

3 oz

3 oz

3oz

Y> cup

3 oz

3 oz

3oz

3 oz
-t

Yi CUP
3 oz

H cup
3oz

y, cup

y, cup

3 oz

3 oz

1 oz

1 oz

Yi cup

8 floz

8 fl oz

121

Nuts

139

128

172

412

173

152

184

13S

287

117

238

242

130

178

157

126

184

211

152

226

139

14 =

131

151

232

35?.

The food group thai is composed of bread, ceroal, rice, and pa^ta

is not an important source of phosphorus. Whole-grain products

an- higher in phosphorus than arc refined grain products, but the

phosphorus, in tile form of phytate, is not bioavailable to humans.

D.na from the U.S. Department of Aj'.riculiure, Agricnltur.il

Research Service: Nutrient Data Laboratory. USD/1 milnen! database

for Standard reference (website]: www.ars.usda.gov/ba/bhnrc/ndl.

Accessed October 2010.

hypophosphatemia a serum phosphorus level that is

below normal.

hyperphosphatemia a serum phosphorus level that is

above normal.
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Figure 8-3 The ionic composition of the major body fluid

compartments. (Rcprintud from Guyton AC, HallJE. Textbook of

medicalphystolo^. 12rh ed. Philadelphia: Saunders; 2006.]

also an integral part ofthe digestivejuices that are secreted

into the gastrointestinal tract, most of which are reab-

sorbed by the intestinal cells.

Muscle Action. Sodium and potassium ions are nec

essary for the normal response ofstimulated neurons, the

transmission of nerve impulses to muscles, and the con

traction of muscle fibers.

Nutrient Absorption. Sodium-dependent glucose

transporters, which are a vital part of iniestinal cells, allow

for the passage of glucose and galactose from the intesti

nal lumen into the iniestinal cells.

Requirements

The body is able to function on various amounts ofdietary

sodium through mechanisms that have been designed to

conserve or excrete ihe mineral as needed. For thai

reason, no specific RDA for sodium exists. Individual

sodium needs vary greatly depending on growth .stage,

sweat loss, and medical conditions (e.g., diarrhea, vomit

ing). The Dili standards include an Al for the three major

electrolytes that are nee-tied to maintain body fluid

balance: sodium, chloride, and potassium. A sodium

intake of 1.5 g/day should be adequate for healthy people

who are not excessively losing sodium through extended

exercise and sweating. Adults between the ages of 50

and 70 years have a slightly reduced AI (1.3 g/day)

thai corresponds with decreased energy intake. 'Ihe AI

for individuals who are more than 71 years old is

l.2g/day.s

Deficiency States

Sodium deficiencies are rare, because the body's need is

low, and individual intake is typically high. An exception

is during heavy sweating, such as by those who are

engaged in heavy labor or strenuous physical exercise in

a hot environment for an exlended period of time (i.e.,

more than 2 hours). Commercial sports drinks, which

replace sodium, glucose, and fluid, may he useful to

restore losses. Although sweat is relatively low in sodium,

drinking too much plain water during exlended strenu

ous exercise can dilute blood sodium concentration and

exacerbate sodium deficiency complications (see Chapter

16). Sodium deficiency (i.e., hyponatremia) can result in

acid-base imbalances and muscle cramping,

Toxicity Symptoms

The sodium content of the average American diet, which

contains a high amount of processed foods, usually far

exceeds the recommended intake range. The National

Health and Nutrition Examination Survey (NHANES) of

2007 to 2008 revealed that men consume an average of

4043 mg/day of sodium and thai women have an average

intake of2384 mg/day.^ Excessive sodium intake has been

linked to hypertension in individuals who are salt sensi

tive (i.e., approximalely 25% of hypertensive patients}.'

However, for most people with healthy kidneys and ade

quate water intake, ihe kidneys excrele excess sodium in

the urine. 'Ihe acule excessive intake of sodium chloride

(i.e., table salt) causes the accumulation of sodium in the

blood (i.e., hypernarremra) and extracellular spaces, 'lhis

sodium can pull water out of cells into the extracellular

space by osmosis, thereby causing edema. The currenl

DKIs set the UI. for sodium intake at 2.3 g/day but slate

thai some individuals may have a much lower tolerance.8

Food Sources

Common table salt as used in cooking, seasoning, and

processing foods is the main dietary source of sodium.

a a serum sodium level that is below

normal.

hypematremia a serum sodium level that is above
normal.
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Sodium occurs naturally in foods, and il is generally most

prevalent in foods of animal origin. Enough sodium is

found in natural food sources to meet the body's needs.

When food manufacturers add salt and other sodium

compounds to processed foods as a preservative, sodium

intake dramatically Increases. For example, cured ham

has approximately 20 limes more .sodium than raw pork.

Natural unprocessed fond sources of sodium include

animal products such as milk, meat, and eggs and

vegetables such as carrots, beets, leafy greens, and

celery (see the Evolve site for the sodium and potassium

content of foods and Appendix C for salt-free seasoning

guides).

Potassium

'Hie adult body contains approximately 270 g (9.5 oz) of

potassium, which is nearly twice the amount of sodium.

Functions

Potassium is involved with sodium in the maintenance of

the body water balance, and it also has many other meta

bolic functions.

Water Balance. Potassium is the major electrolyte

inside cells (i.e., intracellular). Its osmotic effect holds

water inside the cells and counterbalances the osmotic

effect of sodium, which draws water out of the cells and

into the extracellular fluid (see Figure X-3).

Metabolic Reactions. Potassium plays a role in

energy production, the conversion of blood glucose into

.stored glycogen, and the synthesis of muscle protein.

Muscle Acrion. Potassium ions also play a role in

nerve impulse transmission to stimulate muscle action.

Along with magnesium and sodium, potassium acts as a

muscle relaxant that opposes the stimulating effect of

calcium, which allows for muscle contraction. 'Ihe heart

muscle is sensitive to potassium levels; therefore, blood

potassium concentration is regulated within narrow

tolerances.

Insulin Release. Potassium is necessary for the release

of insulin from pancreatic |i cells in response to rising

blood glucose concentrations.

Blood Pressure. Sodium is one of the main dietary

factors that is associated with hypertension; however,

hypertension may be more related to the sodium and

potassium ratio (this is a molar ratio as opposed to a mass

ratio) than to the amount of dietary sodium alone. A

potassium intake that is equal to the sodium intake may

help to prevent the development of hypertension; such is

the basis for the Dietary Approaches to Stop Hyperten

sion (DASH) diet (see www.nhlbi.nih.gov/hbp/prevent/

h_eating/h_e_dash.htm for more information).

Requirements

As with sodium, the present DRI guidelines do not have

an RDA for potassium, although potassium is essential in

the diet. The AI ofpotassium is 4.7 g/day for all adults.'' The

National Research Council recommends an increase in

potassium intake through the increased consumption

of fruits and vegetables. The average American diet pro

vides significantly less potassium than the established AI,

with a median daily intake of 2 to 3 g/day.1 The Dietary

(lUidelsnes for Americans committee identified potassium

as a key nutrient that is lacking in the typical American

diet, which led to the recommendation to increase the

daily intake of fruits, vegetables, whole grains, and

dairy products.1"

Deficiency States

Symptoms of potassium deficiency are well defined but

seldom related to inadequate dietary intake. Potassium

deficiency (i.e., hypololcmia) is more likely to develop

during clinical situations such as prolonged vomiting or

diarrhea, the use of diuretics, severe malnutrition, or

surgery. Hypokalemia also is a concern while a person is

using antihypertensive medications, particularly diuretics

that cause urinary potassium loss. Characteristic symp

toms of potassium deficiency include heart muscle weak

ness with possible cardiac arrest, respiratory muscle

weakness with breathing difficulties, poor intestinal

muscle tone with resulting bloating, and overall muscle

weakness.

Toxicity Symptoms

As with sodium, the kidneys normally excrete excess

potassium so that toxicity does not occur. However, if oral

potassium intake is excessive or if intravenous potassium

is given that causes hyperkalemia, the heart muscle can

weaken to the point at which it stops beating. A Ul. has

not been established for potassium from food sources.

Food Sources

Potassium is an essential part of all living cells; thus, it is

abundant in natural foods. The richest dietary sources of

potassium are unprocessed foods: fruits such as oranges

and bananas, vegetables such as broccoli and leafy green

hypokalemia a serum potassium level that is below

normal.

hyperkalemia a serum potassium level that is above

normal.
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vegetables, fresh meats, whole grains, and milk products.

Those who eat large amounts of fruits and vegetables have

a high potassium intake. Plant sources of potassium are

highly water soluble; therefore, much of the potassium is

lost when fruits and vegetables are boiled or blanched

(unless the water is retained). Table 8-3 lists food sources

of potassium.

Chloride

Chloride is file chemical form of chlorine in the human

body. Chloride accounts for approximately 3% of the

body's tola! mineral content, and it is widely distributed

throughout body tissues.

Functions

Chloride is predominantly found in the extracellular fluid

compartments, where it helps to maintain the water and

acid-base balances (see Figure 8-3). Its two significant

functions involve digestion and respiration.

Digestion. Chloride (CI~) is one element of the

hydrochloric acid (HC1) that is secreted in the gastric

juices. The action ofgastric enzymes requires that stomach

fluids have a specific acid concentration (i.e., a pH of

approximately 1.0).

Respiration. Carbon dioxide, which is a by-product

of cellular metabolism, is transported by red blood cells

(RIJCs) to the lungs, where it is expelled during respira

tion. Within the RHCs, the Enzyme carbonic anhydrase

combines carbon dioxide (CCK) with water (H:O) to form

carbonic acid (H;CO,)- Carbonic acid then dissociates

into a bicarbonate ion (HCO,~) and a proton (IT). Bicar

bonate ions move out of the RliCs and into the plasma,

and chloride ions (CI) move into the RBCs and out of

the plasma, thereby maintaining the balance of negative

charges on either side of the RBC membrane, 'ihe

exchange of a bicarbonate ion with a chloride ion in the

plasma is called the chloride shift.

Requirements

'Ihe AI for chloride tor young adults is set at 2.3 g/day on

the basis of a molecular equivalence to sodium." Similar

to sodium's Al, the need for chloride gradually declines

after the age of 50 years.

Deficiency States

A dietary deficiency of chloride does not occur under

normal circumstances. Because the normal intake and

output of chloride from the body parallels thai of sodium,

conditions that lead to a sodium deficiency also can lead

to a chloride deficiency. The primary reason for chloride

deficiency is excessive loss through vomiting, which

TABLE 8-3 FOOD SOURCES OF POTASSIUM

Item Quantity Amount (mg)

Bread, Cereal, Rice, and

Wheat germ, toasted

cereal

Vegetables

Avocado, raw

Brussels sprouts, boiled

Potato, baked, with skin

Spinach, boiled

Sweet potato, with skin,

baked

Tomato, raw

Fruits

Banana

Dates, dried, pitied

Orange juice, fresh

Orange, navel

Prunes, dried, pitted

Prune juice, canned

Raisins, seedless

Meat, Poultry, Fish, Dry

Beef liver, pan fried

Beef top round, lean,

broiled

Chickpeas (garbanzo

beans), boiled

Clams, cooked, moist

heat

Crab, blue, cooked.

moist heat

Ground beef, 70% lean,

pan browned

Halibut, cooked, dry heat

Ham. sliced, 11% fat

Lentils, boiled

Lima beans, boiled

Pinto beans, boiled

Salmon, cooked, dry heat

Sirloin steak, lean,

broiled

Soybeans, boiled

Pasta

X cup

y, medium

K cup

1 medium

(173 g)

1 medium

(114 g)

1 medium

1 medium

(118 g)

Xcup,

chopped

S fl oz

1 medium

(140 g)

y: cup

(87 g)

8 fl oz

K cup

Beans, Eggs, and

3 oz

3oz

Yi CUP

3 oz

3 oz

3 oz

3 oz

3 oz

HCUP
y,cup

J^cup

3 oz

3oz

X cup

803

244

247

926

419

542

254

422

292

496

232

637

707

272

Nuts

298

221

239

534

275

279

490

244

365

478

373

352

348

443

Milli and Dairy Products

Milk, skim 8 fl oz

Milk, whole 8 fl oz

Yogurt, plain, low fat 8 fl oz

Sugar

Molasses 1 Tbsp

382

349

573

293

Data from the U.S. Department of Agriculture. Agricultural

Research Service: Nutrient Data Laboratory. USDA nutrient database

for standard refertnet (website): ivww.ars.usda.gov/lia/bhnrc/ndl.
Accessed October 2010.
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TABLE S-4 SUMMARY OF MAJOR MENERALS

Mineral Functions (Adults)

Intake

Calcium (Ca) Bone and teeth formation;

blood clotting; muscle

contraction and

relaxation; nerve

transmission

Phosphorus (P) Bone and tooth formation;

energy metabolism; DNA

and RNA; acid-base

balance

Sodium (Na) Major extracellular fluid

control; water bafance;

acid-base balance; muscle

action; transmission of"

nerve impulse and

resulting contraction

Potassium (K) Major intracellular fluid

control; acid-base

balance; regulation of

nerve impulse and muscle

contraction; blood

pressure regulation

Chloride (Cl) Acid-base balance (chloride

shift); hydrochloric acid

(digestion)

Magnesium Coenzyme in metabolism,

(Mg) muscle and nerve action;

helps with thyroid

hormone secretion

Sulfur (S) Essential constituent ofcell

protein, hair, skin, nails,

vitamin, and collagen

structure: high-energy

sulfur bonds in energy

metabolism

Between the ages of 19 and

50 years, 1000 mgj

between the ages of 51

and 70 years, 1 200 mg in

women and 1000 mg in

men; 70 years old or

older, 1000 mg

700 mg

Adequate intake: between

the ages of 19 and 50

years, 1.5 g; between the

ages of 51 and 70 years,

1.3 g; 71 years old or

older, 1.2 g

Adequate intake: 14 years

old or older, 4.7 g

Adequate intake: between

the ages of 19 and 50

years, 2.3 g; between the

ages of 51 and 70 years:,

2.0 g; 71 years old or

older, 1.8 g

Men, 400 to 420 mg;

women, 310 to 320 mg

Deficiency

Tetany, rickets,

osteoporosis

Diets that are adequate in

protein contain

sulfur

Unlikely, but can

cause bone loss,

loss of appetite,

and weakness

Fluid shifts, acid-base

imbalance,

cramping

Irregular heartbeat,

difficulty breathing,

muscle weakness

HypocHloremic

alkalosis with

prolonged i/amiting

or diarrhea

Tremor, spasm, low

serum level after

gastrointestinal

losses or renal

losses from

alcoholism,

convulsions

Unlikely

Tolerable Upper Intake

Level (UL) and Toxicity

UL: 2500 mg

increases the ri&k of

kidney stones and

constipation; interferes

with thu absorption of

other nutrients

UL;4g

Bone resorption (loss of

calcium)

UL:2,3g

Hypertension in sak-

&cnsiiive people;

edema

UL not set

Cardiac arrest

UL not set

Toxicity unlikely

UL350 mg(from

supplements)

Nausea; vomiting;

diarrhea

ULnot set

Toxicity unlikely

Sources

Dairy products, fish

bonus, fortified

orange juice and

cereals, legumes,

green leafy vegetables

High-protein foods

(e.g., meat, dairy),

soft drinks

Table salt, processed

foods (e.g., luncheon

meats, salty snacks)

Fresh fruits and

vegetables, meats,

whole grains

Table salt, processed

foods

Whole grains, nuts,

legumes, green

vegetables, seafood,

cocoa

Meat, eggs, cheese,

milk, nuts, legumes

OB
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10-15% herno and

85-90% non-heme iron

Stomach

Liver breaks down

old cells-recycles iron

Spleen removes

old red blood cells

Figure 8-4 The absorption and metabolism of iron.

transported via the

circulatory system

boys and between 8 and LK mg/day for girls to accom

modate growtli spurts." Women require more iron lo

cover the losses that occur during menstruation. Through

out pregnancy, a woman's RDA for iron increases to

27 mg/day. 'Ihis increase usually requires an iron

supplement, because neither the usual American diet nor

the iron stores of many women can meet the increased

iron demands of pregnancy. The average iron intake of

women between the ages of 20 and 50 years is 13 mg/day,

which is notably below the RDA.1
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Figure 8-5 The global prevalence of anemia

(%) and the number of individuals (in

millions) affected in different population

groups. PreSAC, Preschool-aged children

(0 to 4.99 years old); PW, pregnant women;

NPW, nonpregnant women (1 5 to 49.99

years old); SAC, school-aged children (S to

14.99 years old); Men (15 to 59.99 years

old); Eltletiy (includes men who are more than

60 years old and women who are more than

50 years old). (Reprinted front McLean E,

Cogswell M, Egil I, ei al. Worldwide prevalence of

anaemia, WHO Vitamin and Minei.il Nutriiion

Information System, 1993-2005. Public Health Nutr.

2009; 12(

Deficiency States

The major condition that indicates a deficiency of iron is

anemia. Iron-deficiency anemia is usually evaluated bio

chemically by the percentage of packed RBCs (i.e., hema-

Eocrit), the RBC hemoglobin level, or the percentage of

Iranslerrin saturation. Iron-deficiency anemia is the most

prevalent nutrition problem in the world today (Figure

8-5). The World Health Organization estimates that iron

deficiency anemia affects 24.8% of the population world

wide, with a disproportionate prevalence seen among

preschool-aged children and pregnant women."

Iron-deliciency anemia may have several causes,

including the following: (1) inadequate dietary iron

intake; (2) excessive blood loss; (3) an inability to form

hemoglobin as a result of a lack of factors such as vitamin

Bi; (i.e., pernicious anemia); (-1) a lack of gastric hydro

chloric acid, which liberates iron for intestinal absorption;

(5) inhibitors of iron absorption (e.g., phytate, phosphate,

tannin, oxalate); and (6) intestinal mucosal lesions that

affect the absorptive .surface area.

Toxicity Symptoms

Iron toxicity from a single large dose (20 to 60 ing per

kilogram of body weight) can be fatal. The UL for iron is

45g/day for adults."

In the United Slates, iron overdose from supplements

is one of the leading causes of poisoning among young

children who are less than 6 years old. Symptoms include

nausea, vomiting, and diarrhea. If these children are not

immediately treated, several organ systems may be

adversely affected, including the cardiovascular system,

the central nervous system, the kidney, the liver, and the

hematologic system.'5

Chronic excessive iron intake through dietary supple

ments may impair the absorption of zinc, cause gastroin

testinal upset, and increase the risk ofthe development of

heart disease and cancer. Hemochmmatosis, an iron over

load disease, may result from live types of genetic muta

tions, but it is most commonly the result of a mutation in

the hemochromalosis (HPB) gene."' The congenital

disease is an autosomal recessive disorder that results in

iron overload even though iron intake is within the

normal range. This disorder aliects 1 in 200 to I in 300

individuals of northern European descent.17 Afflicted

individuals absorb excessive amounts of iron from food;

over time {usually between the ages of 40 and 60 years),

the iron accumulation causes widespread organ damage.

Treatment involves frequent bloodletting (i.e., therapeutic

phlebotomy) to reestablish normal serum iron levels. If

treatment begins before widespread damage occurs,

patients may have a normal life expectancy.

Food Sources

The typical Western diet provides an average of 6 mg of

iron per 1000 keal of energy intake. Iron is widely distrib

uted in the US. food supply, primarily in meat, eggs,

vegetables, and fortified cereals (Figure 8-6), Liver and

fortified cereal products are especially good sources. The

body absorbs iron more easily when it is taken along with

vitamin C. Iron In food occurs in two forms: heme and

nonheme. Heine iron is the most efficiently absorbed

form of dietary iron, but il contributes die least to the

total iron intake. Heme iron is found in only 40% of the

animal food sources and in no plant foods (Table 8-5).

Nonheme iron is less efficiently absorbed, because it is

more lightly bound in foods, yet most of our food sources

anemia a blood condition that is characterized by a

decreased number of circulating red blood cells,

decreased hemoglobin, or both.
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TABLE 8-6 FOOD SOURCES OF IRON

Figure 8-6 Food sources oF dietary iron. A, (SeuF. B,

Black-eyed peas. C, Oysters and clams. (Copyright

J u pi ierImages Corporal ion.)

TABLE 8-5 CHARACTERISTICS OF THE HEME AND

NONHEME PORTIONS OF DIETARY IRON

Food sources

Absorption

rate

Heme

None in plane

sources; 40?i oF

iron in animal

sources

Rapid; transported

and absorbed

intact

Nonheme

All iron in plane

sources; 60% of

iron in animal

sources

Slow; tightly bound

in organic

molecules

(i.e., 60% ofthe animal food sources and all the plant food

sources) contain nonheme iron. To enhance the absorp

tion of nonfaeme iron, food sources of vitamin C and

moderate amounts of lean meats, fish, or poultry should

be consumed in the same meal. Enriched and fortified

cereal products are a good .source ol nonheme iron.

Table 8-6 lists food sources of iron.

adult body contains only 20 to 50 mg of

Iodine

The average

iodine.

Functions

Iodine's basic function is as a component of thyroxine

(Tj), a hormone that is synthesized by the thyroid

gland and that helps to control (he basal metabolic rate.

T, synthesis is ultimately controlled by the hypothalamus

and the pituitary gland. The liypollmlamus excretes thy-

rotropin-releasrng hormone (TRH). TRH, in turn, stim

ulates the release of TSH from the anterior pituitary

gland. TSH controls the thyroid gland uptake of iodine

from the bloodstream and the release of triiodothyronine

(Tj) and T, into the circulation (Figure 8-7). Blood T,

concentration determines how much TRH the hypothala

releases and how much TSH the pituitary gland

Item Quantity Amount (mg)

cup

Bread, Cereal, Rice, and Pasta

Bran Flakes cereal % cup

Bran muFfin 1 medium

Cream ofWheat,

instant, cooked

Oatmeal, Fortified,

instant, prepared

with water

Wheat Bran flakes

cereal, Complete

Fruits and Vegetables

Prune juice, canned

Spinach, boiled,

drained*

8 floz

8.1

4.75

8.98

7.26

17.98

3.02

3.21

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beef, ground, 70% 3 oz 2.11

lean, pan browned

Beef liver, pan fried 3 oz 5.24

Beef top round, lean, 3 02 2.78

broiled

Chickpeas (garbanzo y! cup 2.37

beans), boiled

Clams, cooked, 3 oz 23.77

moist heat

Lentils, boiled y2 cup 3.3

Lima beans, large, y} cup 6.74

boiled

Oysters, cooked, dry 3 oz 6.6

heat

Shrimp, cooked, 3 oz 2.63

moist heat

Soybeans, boiled y, cup 4.42

ToFu, raw, firm, y, cup 2.03

prepared with

calcium

"Lew bioavaitability

Dat.i from [he U.S. Deportment of Agriculture, Agricultural

Research Service: Nutrient Data Labor.iiory USDA nutrient

(or standard refcrenit; (website]: www.ars.usda.gou/lia/bhnrr/ndl.

Acci-ssed October 2010.

'TA) an iodine-dependent thyroid gland

hormone that regulates the metabolic rate of the

body.

thyrotropin-releasing hormone (TRH) a hormone

that is secreted by the hypothalamus and that stimu

lates the release oF thyroid-stimulating hormone by

the pituitary.
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Pituitary

I

TRH

TSH

TSH receptor

G prolern
Thyroid
hormone

, T4 receptor

Dietary

iodine

Gene expression

Figure 8-7 Uptake of iodine for triiodoihyronine and

thyroxine production. (Reprinted from Guyton AC, HallJE.

Textbook af'medicalphysiology. I 2th ed. Philadelphia: Saundurs; 2006.)

releases. As blood T, concentration decreases, the hypo-

thalamus and the pituitary gland are stimulated to release

more TRH and TSH, respectively.

The transport form of iodine in the blood is called

serum protein-bound iodine. Tj, T\, and inorganic iodine

are eventually disposed of by the liver in bile.

Requirements

The body's need for iodine has been extensively studied

To maintain desirable tissue levels of iodine, the adult

body's minimal requirement is 50 to 75 meg/day; there

fore, to provide an extra margin of safety, the RDA is

150 meg/day for all people who are 14 years of age and

older; less is indicated for infants and children. During

pregnancy, the need increases lo 220 meg/day; during

lactation, it increases to 290 meg/day.''

Deficiency States

The World Health Organization reports that iodine-defi

ciency disorders are the easiest and least expensive ot all

nutrient disorders to prevent; however, they remain the

number one cause of preventable brain damage world

wide, iodine-deficiency disorders are generally found in

geographic locations with mountains or frequent Hooding

thai result in poor soil iodine levels. Roughly 31% of the

world's population has insufficient iodine intake; these

individuals are at high risk for the following deficiency

diseases.1"

Goiter. Goiter is characterized by an enlargement of

the thyroid gland (Figure 8-8). When the thyroid gland is

starved lor iodine, it cannot produce a normal amount of

I'.,. Because of a low blood T, concentration, the pituitary

gland continues to release more TSH. 'theselarge amounts

of T.SH overslimulate the nonproductive thyroid gland,

thereby causing its size to increase greatly. An iodine-

starved thyroid gland may weigh 0.45 to 0.67 kg (1 to

1.5 1b) or more. Although the thyroid is one of the larger

endocrine glands, it normally only weighs 10 to 20 g in

an adult.

Cretinism. Cretinism is characterized by physical

deformity, dwarfism, and mental retardation. This serious

condition occurs among children who are born to mothers

who had limited iodine intake during adolescence and

pregnancy. During pregnancy, the mother's need for

iodine takes precedence over the iodine needs of the

developing child. Thus, the fetus suffers from iodine defi

ciency and continues to do so after birth. The physical and

mental development of these children is severely impeded

and irreversible."

Impaired Mental and Physical Development:. Iodine

deficiency at any stage in life may result in mental impair

ment. Studies indicate that there is a significant reduction

in the intelligence quotient of people with chronic and

severe iodine deficiency. Iodine deficiency during the

adolescent and teen years delays growth as well as the

onset of puberty.1''1""

Hypoihyroidism. An adult form of hypothyroidism

called myxedema occurs when a poorly functioning

thyroid gland does not make enough T41 thereby greatly

reducing the basal metabolic rate. 'Hie symptoms of this

condition are thin, coarse hair; dry skin; poor cold toler

ance; weight gain; and a low, husky voice.

jism. Hyperthyroidism is a condition in

adults in which the overstimulated thyroid gland releases

excessive T,, thereby greatly increasing the basal meta

bolic rate. 1 lyperlhyroidism is known as Graves' disease

or exophthalmic goiter because of its prominent symptom

of protruding eyeballs. Other symptoms include weight

loss, hand tremors, general nervousness, increased appe

tite, and an intolerance of heal.

r an enlarged thyroid gland that is caused by a

lack of enough available iodine Co produce the thyroid

hormone thyroxine.
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Normal size of

thyroid gland

Goiter

Trachea

Figure 8-8 A, Illustration of a goiter. B, The extreme enlargement is a result of an extended duration of iodine deficiency.

(B, Reprinted from Swartz MH. Textbook ofphysical diagnosis. 5th eti, Philadelphia: Saunders; 2006.)

Toxicity Symptoms

The incidents) Intake of iodine through supplementation

or water contamination may result in toxicity. Excessive

intake may cause iodine-excess goiter, autoimmune thy-

roidilis, hypothyroidism, elevated TSH, and ocular

damage.31

Although the risk of iodine toxicity exists, the contin

ued use of iodized sal! is still widely practiced in several

countries, including the United States. The risk for iodine

deficiency far outweighs the small potential for iodine

toxicity. The UL of iodine in healthy adults is 1100 meg/

day.1'

Food Sources

The amount of iodine in natural food sources varies con

siderably depending on the iodine content of the soil in

which the food was grown. Seafood consistently provides

a good amount of iodine. However, the major reliable

source of iodine in US. diets is iodized table salt, with

eacli gram containing 76 meg of iodine. Salt thai is used

in the preparation of processed food supplies iodine for

those people who do not use table salt.

Zinc

Zinc is an essential trace mineral with wide clinical signifi

cance. The amount of zinc in the adult body is approxi

mately 1.5 g (0.05 oz) in women and 2.5 g (0.09 oz) in men.

Functions

Zinc is especially important during growth periods

such as pregnancy, lactation, infancy, childhood, and

adolescence. Zinc is present in minute quantities in all

body organs, tissues, fluids, and secretions. In these

tissues, zinc participates in three different types of meta

bolic functions, as outlined in the following paragraphs.

£nzymo Constituent. Zinc's wide tissue distribution

reflects its broad metabolic activity as an essential part

of certain cell enzyme systems. More than 200 zinc-

containing enzymes have been identified. Zinc's role in

protein metabolism is associated with wound healing and

healthy skin. Zinc greatly influences rapidly growing

tissues, including those involved in fetal development

during gestation.

mune System. A considerable amount of prolein-

bound zinc is present in leukocytes (i.e., white blood

cells). Zinc is integral in the health of the immune system

as a result of its role in the synthesis of nucleic acids (DNA

and i(NA) and protein." Zinc is also needed for lympho

cyte transformation. Healthy lymphoid tissue, which

gives rise to lymphocytes, is rich in zinc.

Other Functions. Zinc stabilizes the prohormone

storage form of insulin in the pancreas. It is also involved

in the protection of RiiCs from oxidative damage and in

taste and smell acuity.

Requirements

The DRIs establish an AI for infants of 2 to 3 mg/day

during the lirst 3 years of life and of 5 mg/day for children

between the ages of 4 and 8 years. The zinc requirement

continues to rise until adulthood for both genders. Males

who are 14 years old and older require 11 mg of zinc

per day, whereas females need 8 mg/day, with the excep

tion of 14- to 18-year-old girls, whose needs are slightly
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higher. Pregnant women require 11 mg/day to meet fetal

growth needs and 12 mg/day for lactation. Pregnant or

lactating girls who are younger than IK years old require

2 mg/day more line than pregnant women older than 18

years old." The average daily zinc Intake lor men and

women in the United. States is 14.4 nig and 9.9 mg,

respectively.*

Deficiency States

Adequate zinc intake is imperative during periods of

rapid tissue growth, such as childhood and adolescence.

Stunted growth, especially in boys, has been observed in

some populations in which dietary zinc intake is low."

Impaired taste and smell (i.e., hypogeusia and hyposmia,

respectively) are improved with increased zinc intake if

dietary zinc intake was previously inadequate. Zinc

deficiency commonly causes poor wound healing, hair

loss, diarrhea, skin irritation, and overall compromised

immune function." Patients with poor appetites, who

subsist on marginal diets, or who have chronic wounds

or illnesses with excessive tissue breakdown may he par

ticularly vulnerable to developing zinc deficiency (see the

For Further Focus box, "Zinc Barriers").

Aerodermatiti.s enteropalhica (AE) is a rare autosomal

recessive disorder thai results in severe zinc deficiency

and death if it is not treated. Patients with this condition

are not able to absorb sufficient zinc from the gut. Clas

sical symptoms of acrodermatitis enteropathica begin

with skin lesions and progress to severely compromised

immune function (Figure 8-9). This metabolic disorder is

successfully treated with oral zinc supplements at high

doses if it is diagnosed during infancy.

Figure 8-9 Skin lesions that are characteristic of severe

zinc deficiency in a patient with acrodcrmatitis

enteropathica. (Kumar V, Abbas AK, Fausto N. Robbms and Cattail

piilhfilog/c basis ofdiicase, 7lh ed. Philadelphia: S.iuridcrs; 2005.)

FOR FURTHER FOCUS

ZINC BARRIERS

Are people eating more zinc but absorbing it less? Current

trends toward a heart-healthy dice may be the reason why.

Some Americans may be at risk for developing a zinc defi

ciency—not because they are avoiding zinc-rich foods but

because they are choosing foods and supplements thai

reduce zinc's availability for absorption. Here are some

examples:

■ Animal foods, which are rich in readily available zinc,

are consumed less by an increasingly cholesterol-

conscious public.

■ Dietary fiber may hinder absorption and create a

negative zinc balance.

■ Food processing may make zinc less available.

■ Vitamin and mineral supplements may contain

iron-to-zinc ratios of greater than 3: I and thus,

provide enough iron to inhibit zinc absorption.

Low levels of zinc can reduce the amount of protein that

is available to carry iron and vitamin A to the target tissues.

It can also reduce an individual's normal appetite and taste

for certain foods.

The following suggestions may help to increase dietary

zinc:

■ Include some form of animal food (e.g., meat, milk,

and eggs) or vegetarian-acceptable fortified food in

the diet each day lo ensure an adequate intake of

zinc.

■ Avoid the excessive use of alcohol.

■ Avoid "crash" diets, which are typically low in

micronuirienrs.

Signs of zinc deficiency are fairly rare in the United States,

but they are becoming more apparent among al-ri^k people

(e.g., older adults who are hospitalized wich long-term

chronic illnesses).' However, there is no need for the general

public io take massive supplemental doses. These large

doses may compete with other minerals (e.g., iron) and

create other deficiency problems. Excess zinc can lead to

nausea, abdominal pain, anemia, and immune system

impairment. As with all other nutrients, too much ofa good

thing can sometimes be as bad as—or even worse than—too

little.

1. Prasad AS. Impact of the discovery of human zinc deficiency on health. J Am Coll Nutr. 2009;

28(3):257-26S.
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Toxicity Symptoms

As with several other minerals, zinc toxicity from food

sources alone is uncommon. However, prolonged sup

plementation thai exceeds the recommended zinc intake

can alter lymphocyte function and cause adverse symp

toms such as nausea, vomiting, and epigastric pain."'1 The

UI. tor zinc ot 40 mg/day was established on the basis

of the negative effects of excess zinc supplementation

on copper metabolism." Kxcessive zinc intake inhibits

copper absorption, thereby resulting in a zinc-induced

copper deficiency.

Food Sources

'Hie greatest source of dietary zinc in the United States is

meat, which supplies approximately 70% of the zinc that

is consumed. Seafood (particularly oyster) is another

excellent source of zinc. Legumes and whole grains arc-

reasonable sources of zinc, but the zinc in these foods is

less available tor intestinal absorption as a result ofpbytale

binding. A balanced diet usually meets adult needs for

zinc. People who consume diets with little or no animal

products and who have a high intake of phylate-rich

unrefined grains may be at risk for developing marginal

zinc deficiency.23 Table 8-7 lists food sources of zinc.

Selenium

Functions

Selenium is present in all body tissues except adipose

tissue. The highest concentrations of selenium are in the

liver, kidneys, heart, and spleen. Selenium is an essential

part of the antio.xidanl enzyme ghitathione peroxidase,

which protects the lipids in cell membranes from oxida-

tive damage. An abundance of selenium may spare

vitamin E to an extent, because both selenium and vitamin

E protect against free radical damage. Selenium is also a

component of many proteins in the body that are referred

to as seletioprateitts. One such selenoprotein is type 1

iodolhyronine 5' deiodinase, which is the enzyme that

converts T., to'!'.,.

The DRI panel on antioxulants reviewed the current

scientific research on selenium.'1 he panel concluded that,

although selenium intakes that are higher than the RDA

may protect against cancer, further large-scale research is

necessary to confirm such an effect.*6 However, several

recent studies found no correlation between dietary sele

nium intake above recommended amounts and cancer

prevention."'2"

Requirements

The recommendations lor selenium intake are made by

age group without specificity to gender. For both men and

women who are 14 years old and older, the RDA is

TABLE 8-7 FOOD SOURCES OF ZINC

Item

Bread, Cereal, Rice, and Pasta

Bran Flakes cereal

Bran muffin

Wheat Bran flakes cereal,

Complete

Meat, Poultry, Fish, Dry Beans

Almonds, roasted

Btef, ground, 70% lean, pan

browned

Beef liver, pan fried

BeeT round cop, lean, broiled

Cashews, roasted

Chicken, dark meat only,

cooked, without skin

Chickpeas (garbanzo beans),

boiled

Clams, cooked, moist heat

Crab, Alaskan king, cooked.

moist heat

Ham, sliced, regular (11% fat)

Lentils, boiled

Lima beans, large, boiled

Lobster, cooked, moist heat

Oysters, cooked, dry heat

Shrimp, cooked, moist heat

Sirloin steak, lean, broiled

Tofu, raw, firm, prepared with

calcium sulfate

Milk and Dairy Products

Milk, skim

Yogurt, plain, low fat

Quantity

y, cup

1 medium

(113 g)

y, cup

, Eggs, and

1 oz

3 oz

3 oz

3 oz

1 oz

3 oz

Yi c"P

3 oz

3 oz

3 oz

#cup

y2 cup

3 oz

3 oz

3 oz

3 oz

Yi cup

8 ftoz

S fl oz

Amount;

<mg)

1.5

2.08

15.22

Nuts

1

5.06

4.45

3.83

1.59

1.81

1-25

2.32

6.48

1.15

1.26

2.6S

2.48

38.4

1.33

4.84

1.05

1.03

2.18

Data From the U.S. Department of Agriculture, Agricultural

Research Service: Nu[rient Data Laboratory. USDA nutrient databaie

for standard reference (website): wvnv..ir5.usda.gov/ba/bliiirc/ndl.

Accessed October 2010.

55 meg/day. The RDA decreases by age for children: it is

•ID meg/day for children who arc 9 to 13 years old, 30 meg/

day for children who are -I to 8 years old, and 20 meg/day

for children who are ! to 3 years old. The DRI does not

list an RDA for infants. On the basis of mean intakes of

breast milk, an infant's observed AI level is 15 meg/day

for the firs! 6 months of life and 20 meg/day from the ages

of? to 12 months. The recommended selenium intake day

during pregnancy is 60 meg/day, and it is 70 meg/day

during lactation/'1

Deficiency States

Inadequate selenium negatively alters immune function

and increases the opportunity for oxidative stress, specifi

cally within the thyroid gland. Selenium deficiency is
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generally only found in geographic areas with a poor soil

content of selenium." Research indicates that adequate

selenium intake plays a role in preventing Kasiiiu-Bck

disease and Keshan disease, Kashin-Bek disease resulls in

chronic arthritis and joint deformity. Keshan disease,

which is named after the area in China where it was dis

covered, is a disease of the heart muscle thai primarily

affects young children and women of childbearing age

and that can lead to heart failure as a result of cardiomy-

opathy (i.e., degeneration of the heart muscle).

Toxidty Symptoms

'Hie most common symptom of selenium toxicity is

hair loss, joint pain, nail discoloration and gastrointesti

nal upset (i.e., nausea, vomiting, and diarrhea).

Most known cases of dietary selenium toxicity are in

isolated regions of the world where the soil has

extremely high levels of selenium. However, in 2008 a

mlsformulated dietary supplement resulted in 201 cases

of selenium poisoning in the United Slates, with symp

toms that persisted for more than 3 months.111 The Ul. for

selenium is 400 meg/day for people who are 14 years old

and older/"

Food Sources

Most selenium in food is highly available for intestinal

absorption. The amount of selenium in food depends on

the quantity of selenium in the soil that is used to graze

animals and grow plants. Seafood, kidney, and liver are

consistently good sources of selenium. To a lesser extent,

other meats also provide selenium. Grains and other

seeds have variable selenium content, and fruits and veg

etables generally contain little selenium. In the United

States and Canada, the dietary intake of selenium can

vary by the geographic region in which the fruits and

vegetables are grown, but these local dilferences are miti

gated by the national food distribution system. 'Ihe

average adult intake of selenium in the United Slates is

104.9 meg/day.J

The following sections briefly review the remaining

essential trace minerals.

Fluoride

Fluoride forms a strong bond with calcium; thus, il accu

mulates in calcified body tissues such as bones and teeth.

Fluoride's main function in human nutrition is to prevent

dental caries. Fluoride strengthens the ability of teeth to

withstand the erosive effect of bacterial acids. To a great

extent, the fluoridation of the public water supply (for

which the optimal level is 1 ppm) is responsible for the

remarkable decline in dental caries during recent decades.

The use of fluoridated toothpaste (0.1% fluoride) and

improved dental hygiene habits have also benefited dental

health.

According to the DRI guidelines, research data are

insufficient with regard to fluoride intake to support a

specific RDA. Alternatively, the DRI lists observed AI.s by

age group. ]:or adults who are 19 years old and older, the

Al is 4 mg/day lor men and 3 ing/day lor women, with

lower intakes for children. It is not recommended that

fluoride intake increase during pregnancy and lactation.

The DRI guidelines sel the UL for fluoride at 10 mg/day

lor people who are 9 years old and older to avoid dental

fluorosis (Figure 8-10).7

Fish, fish products, and tea contain the highest con

centrations of fluoride. Cooking in fluoridated water

raises the fluoride concentration in many foods. People

who are using well water should periodically check the

fluoride concentration of their water, because well water

can contain excessively high natural sources of Fluoride.

Copper

Copper has frequently been called the "iron twin," because

both iron and copper are metabolized in much the same

way, and both are components of cell enzymes. Both of

these minerals are also involved in energy production and

hemoglobin synthesis. Severe copper deficiency is rare,

and il can be attributed to individual adaptation to some

what lower intakes.

There are two severe inborn errors of metabolism thai

involve copper. The first is Menkes' disease, which is an

X-linked genetic disease ol copper metabolism that cur

rently has no treatment or cure. Individuals who are

affected with Menkes' disease progress through neurode-

generation and connective tissue deterioration, and they

usually do not survive past childhood." Wilson's disease

is a rare autosomal recessive genetic disorder that causes

an abnormally high storage of copper in the body.

Without treatment) Wilson's disease can result in liver

and nerve damage that leads to death. However, there

are treatments for Wilson's disease that may stabilize or

even reverse it."

The adult RDA for dietary copper intake is 400 meg/

day. Pregnant and laciating women are recommended

to increase their copper intake to I mg/day and 1.3 mg/

day, respectively." The average daily intake of dietary

5 an excess intake of fluoride that causes the

yellowing of teeth, white spots on che teeth, and the

piecing or molding of tooth enamel.
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Figure 8-10 Ruorosis.

copper in the United States is 1.3 mg/day.1 The UI,

for copper is 10 mg/day to avoid gastrointestinal upset

and liver damage." Copper is widely distributed in

natural foods. Organ meals (especially liver), seafood,

nuts, seeds, legumes, and grains are the richest food

sources of copper.

Manganese

'File adult body contains approximately 2(1 nig ofmanga

nese that is found primarily in the liver, pancreas, pitu

itary gland, and bones. Manganese functions like many

other trace minerals: as a component of cell enzymes.

Manganese-dependent enzymes catalyze many Important

metabolic reactions. In some magnesium-dependent

enzymes, manganese may serve as a substitute for mag

nesium, depending on the availability of these two miner

als. The Intestinal absorption and bodily retention of

manganese are associated with serum ferritin

concentration.

Manganese deficiency has been documented in animal

studies, but there are no known manganese deficiencies

among humans who are consuming a free diet. Manga

nese loxicity occurs as an industrial occupation disease

known as inhalation toxicity in miners and other workers

who are exposed to manganese dust over long periods.

Ihe excess manganese accumulates in the liver and the

central nervous system, thereby producing severe neuro-

muscular symptoms that are similar to those of Parkin

son's disease, 'lbere is also a potential for manganese

loxicity among patients who are receiving total parenteral

nutrition, because the bioavailability is approximately

95% greater than if it is absorbed enterally. In addition,

tbe normal elimination pathway is often impaired in these

patients; thus, manganese accumulates in and damages

the brain.'' The Ul. from dietary sources is 11 mg/day for

healthy adults."

The DRIs estimate an AI of 2.3 mg/day for men and

1.8 mg/day for women who are older than 19 years of age.

Needs gradually increase during and after childhood, and

pregnant and lactaling women need more manganese

(2.0 mg/day and 2.6 mg/day, respectively).11 The best

food sources of manganese are of plant origin. Whole

grains, cereal products, and leas are the richest food

sources.

Chromium

The precise amount of chromium that is present in body

tissues is uncertain, because analysis is difficult. Although

large geographic variations occur, total body chromium

is less than fi mg. Chromium is an essential component

of the organic complex glucose tolerance factor, which

Stimulates the action of insulin. Chromium supplements

were previously thought lo reduce insulin resistance (the

cause ol impaired glucose tolerance) and to improve lipid

profiles for at-risk patients. However, a recenl random

ized double-blind study that examined the effects of chro

mium supplements in subjects with impaired glucose

lolerancedid nol find significant improvements in glucose

tolerance among those who took chromium compared

with the control group.3' Hor adults, the AI of chromium

intake is 35 meg/day for men and 25 meg/day for

women. Chromium needs gradually rise from infancy to
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adulthood and then decline after the age of 5l) years.

Pregnant and lactating women have an increased need of

30 meg/day and 45 meg/day, respectively. No UL has

been established." Brewer's yeast is a rich source of chro

mium, and most grains ami cereal products contain sig

nificant amounts.

Molybdenum

Molybdenum is better absorbed than many minerals, and

inadequate dietary intake is unlikely. The amount of

molybdenum in the body is exceedingly small; it ranges

from 0.1 to 1 meg per gram of body tissue. Molybdenum

is the functional catalytic component in several cell

enzymes. For adults, the RDA of molybdenum is 45 meg/

day. Pregnant and lactating women need an additional

5 meg/day. The National Academy of Sciences found it

necessary to establish a UL of 20(10 meg/day for adults

who are older than 19 years of age.'" The amounts of

molybdenum in foods vary considerably depending on

the soil in which they are grown, Food sources include

legumes, whole grains, milk, leafy vegetables, and organ

meats.

Table 8-8 provides a summary of selected trace

minerals.

Other Essential Trace Minerals

RDAs and AIs were not set for the remaining trace miner

als: aluminum, arsenic, boron, nickel, silicon, tin, ami

vanadium. At the time of the 2002 DRIs, not enough data

were available to establish such recommendations.1' Most

of these minerals are deemed essential to the nutrition of

specific animals and probably are essential to human

nutrition as well, although the complete process of their

metabolism is nol yet hilly understood. Because these

minerals occur in such small amounts, they are difficult

lo study, and dietary deficiency is highly unlikely.

The available research data regarding boron, nickel,

and vanadium is sufficient to establish a tolerable UL

level. The adull ULs for both boron and vanadium were

set on the basis of data that were gathered from animal

studies: lor boron, the UL is 20 mg/day; for vanadium, it

is 1.8 mg/day. The adult UL tor arsenic was set at 1 mg/

day."

MINERAL SUPPLEMENTATION

The same principles that were discussed in Chapter 7 for

vitamin supplementation apply lo mineral supplementa

tion as well. Special needs during growth periods and in

clinical situations may require specific mineral supple

ments. Before taking supplements, potential nutrient-

nutrient interactions and drug-nutrient interactions

should be considered. Several situations can occur in

which mineral bioavailability may be hindered (see the

Drug-Nutrient Interaction box, "Mineral Depletion").

Life Cycle Needs

Mineral supplements may be needed during rapid growth

periods throughout the life cycle.

DRUG-NUTRIENT INTERACTION

MINERAL DEPLETION

Medications interact with minerals through two major

mechanisms: either by blocking absorption or by inducing

renal excretion. The following are examples of common

drug-nutrient interactions that specifically affect mineral

status:

■ Diuretics: People who require the long-term use of

diuretic drugs for the treatment of hypertension may

need to pay special attention to certain minerals that

are also lost. The minerals that arc usually excreted

with excess water are sodium, potassium,

magnesium, and zinc. The increased intake of foods

that are high in these minerals is generally enough

to regain homeostasis. Some diuretics (e.g.,

spironolactone) are potassium sparing and thus extra

potassium should not need to be consumed.

■ Chciatingagents: Chelation therapy is used to remove

excess metal ions from the body. Penicillamine is

used to treat Wilson's disease (i.e., the excess

accumulation of copper in the body) and

rheumatoid arthritis and to prevent kidney stones.

It attaches to zinc and copper, thereby blocking

absorption and leading to the excretion and possible

depletion of these essential minerals.

Antacids: The acidic environment of the stomach is

required for the absorption of many drugs and

nutrients, including minerals. When this environment

is altered as a result of the chronic use of antacids,

mineral deficiencies can occur. Phosphate deficiency

is a concern for individuals who are chronically using

over-the-counter antacids. In extreme cases,

hypercalcemia may result, and damage lo soft tissues

can occur.



TABLE 8-G SUMMARY OF SELECTED TRACE El

Mineral Functions

Recommended

Intake (Adults)

Iron (Fe'

Iodine (I)

Zinc (Zn}

Selenium (5e)

Fluoride {Fl)

Copper (Cu)

Manganese (Mn)

Chromium (Cr)

Molybdenum

(Mo)

Hemoglobin and myoglobin

formation; cellular

oxidation of glucose;

antibody production

Synthesis of thyroxme,

whkh regulates cell

oxidation and basal

metabolic rate

Essential enzyme

constituent; protein

metabolism; storage of

insulin; immune system;

sexual maturation

Forms g

pertjxidase;

vitamin E as an

antioxidanr, protects

lipids in cell membrane

Constituent of bone and

teeth; prevents dental

caries

Associated with iron in

energy production,

hemoglobin synthesis,

iron absorption and

transport, and nerve and

immune function

Activates reactions in urea

synthesis, energy

metabolism, lipoprotein

clearance, and the

synthesfs offa:ty acids

Associated with glucose

metabolism

Constituent of many

enzymes

Men, 8 mg; women

between the ages

of 19 and 50 years,

1 S rng; women

who are 50 years

old or older. 8 mg

150 meg

Men. 11 mg; women,

S mg

meg

Adequate Intake:

men, 4 mg;

women, 3 mg

900 meg

Intake:

men, 2.3 rng;

women, 1 .B mg

Adequate Intake:

men, 35 meg;

women, 25 meg

45 met;

Deficiency

Anemia, pale skin,

impaired immune

function

Goiter, cretinism,

hypothyroidism,

hypmhyroidism

Impaired wound healing

and taste and smell

acuity, retarded

sexual and physical

development

Impaired immune

function, Keshan

disease, hesa muscle

failure

Increased dental caries

Anemia, bone

abnormalities

Clinical deficiency

present only with

protein-energy

malnutrition

Impaired glucose

metabolism

Unlikely

Tolerable Upper Intake

Level (UL) and Toxirity

UL: 45 mg

Nausea; vomiting;

diarrhea; liver, kidney.

heart, and central

nervous system damage;

hemochromates is (iron

overload disease)

UL 1100 meg

Goiter

UL; 40 mg

Nausea; vomiting;

decreased immune

function; impaired

copper absorption

UL: 400 meg

Brittleness of hnir and

nails; gastrointestinal

upset

UL: 10 rng

Dcni.il fluorosis

UL: 10 mg

Tonicity disease (Wilson's

disease, which results in

liver and nerve

CO-nduciion damage)

UL: 11 mg

Inhalation raxfeiry in

miners, which results in

neuromuscular

disturbances

UL not set

Toxicity unlikely

UL: 2 mg

Toxicity unlikely

Sources

Liver, meats, egg yolk,

whole grains,

enriched bread and

cereal, dark green

vegetables, legumes,

nuts

Iodized sak. seafood

Meat, seafood

(especially oysters),

eggs, milk, whole

grains, legumes

Seafood, kidney, liver,

meats, whole grains

Fluoridated water,

toothpaste

Liver, seafood, whale

grains, legumes, nuts

Cereals, whole grains,

soybeans, legumes,

nuts, tea, vegetables,

fruits

Whole grains, cereaJ

products, brewer's

yeast

Organ meats, milk,

whole grains, leafy

vegetables, legumes



CHAPTER 8 Minerals 153

Pregnancy and Lactation

Women require additional chromium, copper, iodine,

inm, magnesium, manganese, molybdenum, selenium,

and zinc lo meet the demands ol rapid tetal growth during

pregnancy. DR!s remain elevated lor several minerals

throughout lactation to meet both mother and infant

needs. Not all women will require dietary supplements lo

meet the.se increased needs, because they will he met with

B healthy, balanced diet. However, some nutrients (e.g.,

iron) are regularly supplemented, because it is sometimes

challenging to meet the DRI recommendations through

dietary intake alone during this time.

Adolescence

Rapid hone growth during adolescence requires increased

calcium and phosphorus. If an adolescent's diel provides

Insufficient calcium, the risk for bone-density problems

(e.g., osteoporosis) during the later adult years is increased.

Too little dietary calcium may lead to the resorption ol

calcium from bone to maintain an appropriate blood

calcium concentration. With the major increases in soft-

drink consumption coupled with the decreased milk con

sumption per capita in the United States, concern has

increased about poor bone growth during these critical

years.

Supplements that combine iron with Iblate may be

indicated for adolescent girls as they begin their men

strual cycles.

Adulthood

Healthy adults who consume well-balanced and varied

diets do not require mineral supplements. A well-rounded

and varied diel in combination with adequate physical

activity and exercise maintains optimal bone health in

most adults. Some studies do indicate that supplemental

calcium and vitamin D may improve bone health and

reduce the risk of fracture among postmenopausal

women.1' However, at any adult age, calcium supplemen

tation alone neither prevents nor successfully treats

osteoporosis, the cause of which is not clear and involves

multiple factors. Calcium supplements may be used as

part of a treatment program together with vitamin D,

estrogen, and increased physical activity.

Clinical Needs

People with certain clinical problems or those who are at

high risk for developing such problems may require

mineral supplements.

Iron-Deficiency Anemia

One of the most prevalent health problems encountered

in population surveys is Iron-deficiency anemia. The need

for increased iron intake has long been established

for pregnant and breast-feeding women.1' The following

high-risk groups also may need to supplement their

diets: adolescent girls and women who are in their child-

bearing years who consume poor diets; people who are

food insecure (i.e., those who are not able to secure

enough food on a consistent basis); alcohol-dependent

individuals; vegetarians; and elderly people who consume

poor diets.

Zinc Deficiency

The increased popularity of vegetarian diets has ampli

fied concern about possible zinc deficiency because of

the low zinc content ol plant foods. The position state

ment ol the Academy ot Nutrition and Dietetics and the

Dietitians of Canada regarding vegetarian diets indi

cates that zinc requirements for individuals who

consume high phytate diets may exceed the current

DRIs/" Signs of zinc deficiency are slow growth,

impaired taste and smell, poor wound healing, and skin

irritation; however, 3 to 24 weeks may pass before

symptoms appear. Others who are at risk for zinc defi

ciency include alcohol-dependent individuals; people on

long-term, low-calorie diets; and elderly people in long-

term institutional care.
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SUMMARY

i Minerals are elements that are widely distributed in

foods. They are absorbed by the intestines and used

in building body tissue; activating, regulating, and

controlling metabolic processes; and transmitting

neurologic messages.

i Minerals are classified in accordance with their

relative amounts in the body. Major minerals are

necessary in larger quantities than trace minerals,

and they make up 60% to 80% of all of the inorganic

material in the body. Trace minerals, which are nec

essary in quantities as small as a microgram, make

up less than 1% of the body's inorganic material.

| RDAs have not been set for all minerals because

of a lack of scientific data. However, Als or ULs have

been set for almost all essential minerals without

RDAs.

■ Mineral supplementation—along with vitamin sup

plementation—continues to be a hot topic of

research. There are periods that occur throughout

the life cycle and specific disease states that may

warrant supplementation. However, in most situa

tions, a balanced diet provides an adequate supply

of all of the essential nutrients.

CRITICAL THINKING QUESTIONS

. List the seven major minerals. Describe their functions

and the problems created by dietary deficiency or excess.

t. List the trace minerals that are essential to human

nutrition. Which ones have established RDAs? Which

ones have suggested Als? Why is establishing an RDA for

every mineral difficult?

3. Considering the normal dietary supply of minerals,

would you recommend the taking of a multimineral

dietary supplement? If so, to whom and for what

reasons?

CHAPTER CHALLENGE QUESTIONS

True-False

Write the correct statement for each statement that is false.

1. True or False: Most of the phosphorus in che diet is

absorbed and used by the body for bone formal ion.

2. True or False: The typical adult consumption of sodium is

approximately 10 times the amount that the body

actually requires for metabolic balance.

3. True or Fake: Potassium is the major electrolyte that

controls the water outside of cells.

4. True or False: Chloride is a necessary component of

stomach fluids.

5. True or False: Copper has many metabolic functions, the

most important of which is its role in T4 synthesis.

6. True or False: A high intake of selenium has been proved

to prevent cancer in almost everyone.

7. True or Fake: Iodine is associated with iron functions in

the body and is called the "iron twin."

Multiple Choice

1. Overall calcium balance is mostly maintained by which

two balanced regulatory agents?

a. Vitamin A and thyroid hormone

b. Ascorbic acid and growth hormone

c. Vitamin D and parathyroid hormone

d. Phosphorus and TSH

2. Optimal levels of body iron are controlled at the point of

absorption, which is interrelated with a system of

transport and storage. Which of the following statements

correctly describes this iron-regulating process?

a. The iron form in food requires an acid medium to

reduce it to the form that is necessary for absorption.

b. 70% to 90% of the iron that is ingested in food is

absorbed.

c. Vitamin C acts as a binding and carrying agent to

transport and store iron.

d. When RBCs are destroyed, the iron that is used to

make the hemoglobin is excreted.

3. A known function of fluoride in human nutrition is

dental health. Which of the following statements

correctly describes this relationship?

a. Small amounts of fluoride produce mottled,

discolored teeth.

b. Fluoridation of the public water supply in very small

amounts helps to prevent dental caries.

e. The topical application of fluoride is not effective on

young teeth.

d. Fluoride works with vitamin A to build strong teeth.
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4. Cretinism is a disorder in children who are born to

mothers who had a deficiency of which mineral during

adolescence and pregnancy?

a. Calcium

b. Phosphorus

c. Iron

d. Iodine

5. Which mineral has the following functions: blood

clotting, muscle and nerve action, and bone and ceech

formation?

a. Calcium

b. Phosphorus

c. Magnesium

d. Chloride

6. Which of the following minerals is a trace mineral?

a. Potassium

b. Iron

c. Chloride

d. Sulfur

Please refer to the Students' Resource

section of this text's Evolve Web site for additional

study resources.

REFERENCES

1. !:ood and Nutrition Hoard, Institute of Health. Dietary ref

erence intakes for calcium and vitamin IX Washington, DC:

National Academy of Sciences; 2010.

2. Khosla S. Update in male osteoporosis, / Clln Bttdocrinol

Metal: 20I0;95(l):3-10.

3. Becker D), Ktlgare ML. Mornsey MA. The societal burden

of otteopara&is. Curr Rheumatol Rep. 2010;12(3):186-191.

■1. U.S. Department of Agriculture, Agriculiur.il Research

Service. Nutrient intakes from food: mean amounts con

sumed per individual, by gender and age, in the United

States, 2007-2008. What wb eat in America, NHANES 2007-

200S (website): www.ars.usda.gov/SP2UserRles/Place/

l2355000/pdf/0708/Table_l_NIN_GEN_07.pdf. Accessed

October 6,2011.

5. Cooper C, Harvey N, Javaid K, et aL Growth and bone

development. Nestle Nutr Workshop Set Pediatr Program.

2008:61:53-68.

6. Ervin RB, Wright ID, Reed-Gillette D. Prevalence sfleading

types of dietary supplements used in the third national

health and nutrition examination survey, 1988-94. Adv

Daks. 200-1 Novj9{349):1-7.

7. Food and Nutrition Hoard, Insliluic of Medicine. Dietary

reference intakes for calcium, phosphorous, magnesium,

vitamin I), and fluoride, Washington, DC: National Acad

emies Press; 1997.

8. Food and Nutrition Board, Institute of Medicine. Dietary

reference intakes for water, potassium, sodium, chloride, and

sulfate. Washington, DC: National Academies Press; 200-1.

9. Savica V, Bellingbieri G, Kopple JD. 'I he effect of nutrition

on blood pressure. Aiinu Rev Nutr. 2010j30:365-401.

10. U.S. Department ot Agriculture, U.S. Department ol Health

and Human Services. Dietary guidelines for Americans,

2010. Washington, DC: U.S. Government Printing Office;

2010.

11. Musso CG. .Magnesium metabolism in health and disease.

hit UroiNcphrol. 20l)9;4!(2):357-362.

12. As.sadi H 1 lypomagnesemia: an evidence-based approach to

clinical cases. Iran ) Kidney Dis. 2010;4(l):13-19.

13. Fond and Nutrition Hoard, Institute of Medicine. Dietary

reference intakes for vitamin A, vitamin K, arsenic, boron,

chromium, copper, iodine, iron, manganese, molybdenum,

nickel, silicon, vanadium, and zinc. Washington, DC:

National Academies Press; 2001.

14. McLean E, Cogswell M, Kgli I, et al. Worldwide prevalence

of anaemia, WHO Vitamin and Mineral Nutrition Infor

mation System, 1993-2(105. Public Health Nutr. 2009;

!2(4):444-454.

15. Anderson AC. Iron poisoning in children. Curr Qptn

Pediatr. 1994;6(3):289-294.

16. McLaren GD, Goideuk VR. Hereditary hemochromatosis:

Insights from the Hemochromatosis and Iron Overload

Screening [HEIRS) Study, llematology Am Soc Hcmatol

Educ Program. 2009;195-206.

17. Pietrangelo A. Hereditary hemochromatosis: patbogenesls,

diagnosis, and treatment, Gastroenterology. 2010;139(2):

393-408,408.eI-408.S2.

18. World Health Organisation. Assessment of iodine deficiency

disorders and monitoring their elimination. Geneva; World

Health Organization; 2007.

19. Zimmermaiin MH. Iodine deficiency. Endocr Rev.

2009;30(.1}:376-108.

20. Markou KH, Tsekouras A, Anastasiou F., et aL Treating

iodine deficiency: long-term effects of iodine repletion on

growth and piiherial development in school-age children.

Thyroid. 2O0S;18(4):449-454.

21. Patrick L. Iodine: deficiency and therapeutic consider

ations. Altern Med Rev, 2<](>8;I3(2);116-127.

22. Prasad AS. Zinc in human health: effect of zinc on immune

cells. Mol Med. 2008s14(5-6):353-357.

23. Gibson US, Manger MS, Krittaphol W, el al. Does zinc

deficiency play a role in stunting among primary school

children in NE Thailand! BrJ Nutr. 2007;97(l):167-175.
24. Plum LM, Rink L, Hanse II. The essential toxin: impact of

zinc on human health, hit I Environ Res Public Health.

2010;7(4):1342-l365.



156 HART 1 Introduction co Basic Principles of Nutrition Science

25. Craig WJ, Mangels AB, Position ofthe academy oi nutrition

of dietetics: vegetarian diets. / Am Diet Acsoc. 2009;

109(7):1266-12H2.

26. Food ami Nutrition Board, Institute of Medicine. Dietary

reference intakes for vitamin C, vitamin E, selenium, and

carotenoids. Washington, DC: Nations] Academics Press;

2000.

27. Lippman SM, Klein EA, Goodman PJ, et al. Effect of sele

nium and vitamin H on risk of prostate cancer and other

cancers the Selenium and Vitamin l:. Cancer Prevention

Trial (SELECT). JAMA. 2009;301(l):39-51.

2H. Dunn BK, Richmond ES, Minasian i.M, et al. A nulrieni

approach to prostate cancer prevention: 'Ihe Selenium and

Vitamin E Cancer Prevention TVfol (S1LLKCT). Hutr Cancer.

2()lu;62(7):896-918.

29. Steimics V.. Soils and geomedicine. Environ Ceochent

Health, 2009;31(5):523-535.

30. MacFarqubar )K. Broussard DL, Melslrom P, el al, Acute

selenium toxic ity associated with a dietary supplement.

Arch Intern Med. 20l0:I7(>(3):256-26l.

31. Turner Z, Mailer l.B, Menkes disease, liar } Hum Genet.

2010il8(5)311-518.

32. Gouider-Khouja N. Wilson's disease. Parktnsoiiism lielat

Disord. 2009;15(Suppl 3):S12fi-S129.

3i. Hardy (;. Manganese in parenteral nutrition: who, when,

and why should we supplement? Gastroenteralogy.

2009:137(5 Suppl):S29-S35.

34. Ckinlon ]F., Cheung NVV, Hiichman R, et al. Chromium

Supplementation does nol improve glucose tolerance,

insulin sensitivity or lipid profile: a randomized, placebo-

controlled, doulile-blind Irial of supplementation in sub-

iects with impaired glucose tolerance. Diabetes Care.

2005;28(31:712-713.

35. Bergman GJ, Fan r, McFetridge |T. Sen SS. Efficacy of

vitamin D3 supplementation in preventing fraclures in

elderly women; a meta-.inalysis. Curr Med Res Opin.

2O]O:i6(5):l!93-!2IH.

FURTHER READING AND RESOURCES

World Health Organization. Worldwide prevalence of anaemia

1993-2005, WHO Global Database on Anaemia (website):

www.who.int/nutrition/publications/nilcronutrients/

anaemia_iron_deficiency/9789241596657/en/indexjitml.

"1 lie following Web sites are good sources for information

about certain minerals in the diets and their roie in

general health. You can also go to the National Heart,

Lung, and Mood Institute Wub site to learn about the

role of sodium and hypertension and to read mote

aliout how to follow a low-sodium diet. Examine the

American Dental Association Oral Health Topics for

more information about the protective role of fluoride in

dental hygiene.

American Dental Association. www.ada.org/lluoriiiL-.aspx

National Digestive Diseases Information Clearinghouse,

hemoduomatosis, http://digestive.niddk,nlh.gov/ddiseases/

pubs/hemochromatosis/

National Heart, Lung, and Rlood Institute, www.nhlbi.nih.gov/

hbp/preven t /sod i u m/sod i i] m.h t m

National Osteoporosis Foundation, www.nof.org


