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I. Executive Summary

• Beef is a highly nutritious food. It is particularly valuable as a source
of zinc, iron, and other minerals; B vitamins and choline; and pro-
tein. Beef also contains components that may have health benefits,
such as conjugated linoleic acid (CLA).

• Lean beef, in moderate servings, fits well in a heart-healthy diet and
can be used interchangeably with other lean red meats and lean poul-
try and seafood. It is not necessary for people to substitute poultry
and fish for red meat in their diets in order to meet the U.S. govern-
ment’s and American Heart Association’s dietary recommendations
for saturated fat and cholesterol intake.

• Only about one-third of the fatty acids in beef are cholesterol-raising
fatty acids. About half of the fat in beef is monounsaturated fat,
which does not raise cholesterol levels. The amount of trans fatty
acids in beef is small, and the potential physiological impact of these
fatty acids is not the same as that of the cholesterol-raising trans fatty
acids in hydrogenated vegetable fats.

• The results of some scientific studies have linked high intakes of red
meat with increased risks of colon or prostate cancers (though proba-
bly not breast cancer). Other studies, however, have had conflicting
results. 
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• Substances called heterocyclic amines may form in meat during
some cooking procedures that use high temperatures. These sub-
stances, like the many other naturally occurring animal carcinogens
in food, are not a major cause for concern when consumed in small
amounts. However, consumers who wish to reduce their exposure to
heterocyclic amines can do so by adjusting their cooking methods.

• The use of hormones to promote growth in beef cattle helps to keep
the cost of beef down. These hormones, when used correctly, pose no
health risks for human consumers. 

• The correct use of antibiotics in the production of beef cattle and
other animals does not create residue problems. However, this prac-
tice, like other uses of antibiotics, may contribute to the development
of antibiotic resistant bacteria. The extent to which the use of antibi-
otics in animal agriculture contributes to the overall problem of
antibiotic resistance is uncertain. Nevertheless, experts agree that
antibiotics should be used judiciously and only when necessary, and
the Food and Drug Administration has begun to take the issue of
antibiotic resistance into account when making decisions about the
approval of new animal drugs.

• Efforts are currently being made in the production system to reduce
the likelihood that beef will be contaminated with E. coli O157:H7
or Salmonella. Nevertheless, adequate cooking and proper food han-
dling techniques by consumers and food service personnel are the
final and most important defense against these foodborne bacteria.
Another bacterium, Listeria monocytogenes, is sometimes found in
processed, refrigerated food products, including beef products (such
as deli meats). This organism poses special hazards for pregnant
women. It has been recommended that high risk individuals should
thoroughly reheat processed meats, such as hot dogs and cold cuts,
before eating them.

• Raw foods of animal origin, including beef and other meats, need to
be handled carefully and cooked adequately for safety. Although
intact pieces of beef (steaks and roasts) can be served medium rare
(cooked to 145°F), ground beef should always be cooked thoroughly,
to at least 160°F. Consumers should use a food thermometer to deter-
mine when foods are sufficiently cooked, rather than relying on color
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changes. Precautions should be taken to ensure that drippings from
raw meats, which may contain harmful bacteria, do not contaminate
other foods.

• The process of irradiation has been approved as a means of enhanc-
ing the microbiological safety of meat and poultry, including beef.
The increased use of this process would have important benefits for
consumers, particularly in ensuring the safety of ground meats.

• Some countries outside North America are currently experiencing
serious problems with two cattle diseases: bovine spongiform
encephalopathy (BSE) and foot-and-mouth disease. BSE can be
transmitted to humans in rare instances; foot-and-mouth disease is
not a human health problem. Neither disease is present in the U.S.,
and precautions are being taken to keep both out of the country. U.S.
consumers need not be concerned about these diseases except when
traveling to affected parts of the world.

• Although producers of “natural” and “organic” beef products use
production methods that differ from conventional ones, these types
of beef have not been shown to differ from other beef in terms of
nutrition or safety. Grass-fed beef differs somewhat from convention-
ally raised (grain-finished) beef in that its fatty acid profile is more
desirable. However, the impact of this small difference on con-
sumers’ overall diets is uncertain, and grass-fed beef does not offer
any special advantages in terms of safety.



II. Introduction
Beef is America’s most popular meat (see Figure 1). Per capita con-

sumption of beef  in the U.S. is about 65 pounds per year (1).*

The Role of Beef in the American Diet
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*Numbers in parentheses refer to the references listed at the end of this report.

Although most American consumers like beef, many are uncertain
about its role in a healthful diet. Some people have the mistaken idea
that beef and other red meats need to be avoided because of their satu-
rated fat and cholesterol content. Others may be concerned about sub-
stances used in beef production or confused about the precautions that
need to be taken to ensure the microbiological safety of beef and other
animal products.

This report by the American Council on Science and Health
(ACSH) presents an up-to-date summary of the scientific evidence on
the role of beef in the diet, including both nutrition and food safety
issues.

NUTRITION OVERVIEW: BEEF IN A HEALTHFUL DIET
Beef is a nutritious food. It contributes important nutrients to the

diet, and it can be incorporated into a diet that meets current dietary
guidelines for disease prevention. The following sections discuss the
nutritional aspects of beef.

Figure 1. What kinds of meat and poultry do

Americans eat?



III. Positive Contributions of Beef to the Diet 

Minerals

Red meats — especially beef — are richer in some nutrients, partic-
ularly zinc and iron, than most of the other foods in the Meat, Poultry,
Fish, Dry Beans, Eggs, and Nuts Group (Meat Group for short) of the
Food Guide Pyramid.

Zinc is involved in many functions in the human body, including
growth, maturation, immunity, wound healing, reproduction, and the
senses of taste and smell. Zinc deficiency is a major problem world-
wide, and even in the U.S., some people’s intakes of this mineral may
be too low. A comparison of 1994–98 national dietary survey data with
the Recommended Dietary Allowances (RDAs) for zinc established in
2001 showed that at least 40% of adolescent girls and adult women are
not meeting the zinc RDA (2). About 60 percent of men over the age of
70 also consume less than the recommended amount of zinc. 

Getting enough zinc may be especially difficult for vegetarians
because substances in plant foods, such as phytate, interfere with the
body’s ability to make use of zinc from food. The plant foods that are
richest in zinc, such as legumes, whole grains, seeds, and nuts, are also
high in phytate (3). The requirement for zinc intake may be as much as
50% higher for vegetarians than for other people (4).

Beef is one of the best food sources of zinc. A single 3-oz. serving
of lean beef provides at least one-fourth of the Daily Value of this min-
eral. The zinc in beef and other foods of animal origin is more bioavail-
able than the zinc in plant foods (3). Because beef is high in zinc and is
frequently consumed, it is the number one source of zinc in the U.S.
diet, accounting for 26 and 22% of the total zinc intake of adults and
children, respectively (5,6). Table 1 compares the zinc content of beef
with that of other animal products from the Meat Group.

Iron is essential for transporting oxygen in the bloodstream; insuffi-
cient intakes can lead to iron-deficiency anemia and to impaired cogni-
tive development in infants and young children. Adolescent girls and
women of childbearing age have a greater need for iron than other peo-
ple do because they lose iron every month during menstruation. They,
along with young children, need plenty of good iron sources in their
diets (8). Adult men and postmenopausal women, on the other hand,
have lower needs for iron and rarely have difficulty meeting those
needs. A comparison of national dietary survey data from 1994–1998
with the RDAs for iron established in 2001 showed that 25% of chil-
dren age 5 and younger (both sexes), 60% of adolescent girls (ages

9
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12–19), and more than 80% of women aged 20–49 years were getting
less than the recommended amount of iron from their diets (2). 

Many grain products are fortified with iron. Because of fortification,
ready-to-eat cereal and bread are the two top sources of iron in the U.S.
diet; beef, which is naturally rich in iron, is the number three source,
accounting for 9.4 and 7.7% of total iron intake among adults and chil-
dren, respectively (5,6). Beef, however, is a more important contributor
of iron than these numbers would seem to indicate. About half of the
iron in beef is present in a form called “heme” iron, which is more read-
ily absorbed by the body than the non-heme iron found in other foods,
including iron-fortified foods.

Table 2 compares the iron content of beef with that of other animal
products from the Meat Group.

Another important mineral in beef is selenium, which plays a role in
the body’s antioxidant defense system. One serving of beef provides 24%
of the Daily Value and about one half of the RDAfor this mineral (7,7a).

Other Nutrients

Beef, other red meats, poultry, seafood, and eggs are all rich in
protein. Protein from animal sources is of higher quality than protein

The Role of Beef in the American Diet
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Table 1. Zinc Content of Beef and other Animal

Protein Foods

Food Zinc Content per Serving*

Milligrams % of Daily Value
Beef, top sirloin steak 5.5 37
Ground beef, 95% lean/5%fat 5.5 37
Pork, top loin chop 2.0 13
Lamb, leg 3.2 22
Veal, loin 2.7 18
Chicken breast, skinless 0.9 6
Chicken thigh, skinless 2.2 15
Turkey breast, skinless 1.5 10
Tuna 0.6 4
Salmon 0.4 3
Eggs (2 large) 1.1 7

* 3 ounces unless otherwise specified

Data from reference 7.



from plant sources.
Beef is also rich in B vitamins, particularly vitamin B12 (a vitamin

only found in foods of animal origin), thiamin, riboflavin, niacin, and
vitamin B6. All of these are important nutrients.

Beef also provides choline. The human body manufactures its own
choline, but it may not always be able to make enough to fully meet the
body’s needs (9). Therefore, dietary sources of choline may be neces-
sary. Choline is also being investigated for possible beneficial effects on
cognitive function (10). The National Academy of Sciences, which
establishes the recommendations for nutrient intake in the U.S., has
established recommended intake levels for choline (9). An intake of 550
mg/day is considered adequate for men, 425 mg/day for women. A
three-ounce serving of ground beef contains 67.4 mg of choline (11),
which is about 12% of the amount that a man needs daily and 16% of
the amount needed by a woman. 

Another substance of interest in beef is conjugated linoleic acid
(CLA). CLA is a mixture of unsaturated fatty acids with an unusual
chemical structure. Some CLAs are of the trans configuration (thus,
they are trans fatty acids); some are not. In test tube and animal experi-
ments, various forms of conjugated linoleic acid have been associated

11

The Role of Beef in the American Diet

Table 2. Iron Content of Beef and other Animal

Protein Foods

Food Iron Content per Serving*

Milligrams % of Daily Value
Beef, top sirloin steak 2.9 16
Ground beef, 95% lean/5%fat 2.4 13
Pork, top loin chop 0.7 4
Lamb, leg 2.7 15
Veal, loin 0.7 4
Chicken breast, skinless 0.9 5
Chicken thigh, skinless 1.1 6
Turkey breast, skinless 1.3 7
Tuna 0.8 4
Salmon 0.3 2
Eggs (2 large) 1.2 7

* 3 ounces unless otherwise specified

Data from reference 7.



with a variety of potentially beneficial effects, including inhibition of
mammary carcinogenesis (12), inhibition of mutagenesis (13), increased
muscle mass and decreased body fat (14), inhibition of the development
of atherosclerosis (15,16), and increased bone density (17). It remains to
be clearly demonstrated whether CLAs have these same beneficial
effects in humans.

IV. Beef in the Heart-Healthy Diet
The federal government’s Dietary Guidelines for Americans and the

dietary guidelines published by the American Heart Association (AHA)
advise all healthy Americans (except those under the age of two years)
to limit their intakes of saturated fat and cholesterol to reduce the risk of
atherosclerosis and its consequences, including coronary heart disease
(8,18,19).* People often interpret this recommendation to mean that they
should eliminate red meat from their diets — or at least severely restrict
it — and eat poultry or fish instead. In a survey conducted for a food
industry trade group in 2000, 22% of consumers reported that they were
eating less red meat and 9% reported that they were eating more poultry
in an effort to make their diets healthier (20). However, dietary changes
of this type may not be necessary — or even desirable.

Current Dietary Recommendations

Contrary to what many people think, the federal and AHA dietary
recommendations do not call for the replacement of red meat with poul-
try and fish. Instead, they call for:
1. Limiting intake of meat, poultry, and fish to moderate amounts. The

recommended intake of these foods is approximately two three-
ounce servings per day. A three-ounce serving is about the size of a
deck of cards.

2. Cooking without added fat. Broiling, boiling, and roasting are
preferable to frying.

3. Removing easily separated fat. This means trimming all visible fat
off red meat and removing poultry skin and the visible fat under the
skin.

The Role of Beef in the American Diet
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*In September 2002, the National Academy of Sciences (NAS) committee that estab-
lishes dietary reference intakes for the U.S. released a new report that made no quanti-
tative recommendations on saturated fat and cholesterol intake but instead called for
keeping consumption of these two food components as low as possible while maintain-
ing a nutritionally adequate diet. The report also stated that total fat should account for
between 20 and 35% of total calories; this is a change from previous advice that it
should not exceed 30%. The new NAS recommendations have not yet been incorporat-
ed into the Food Guide Pyramid, the Dietary Guidelines for Americans, or the Daily
Values used in food labeling.
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4. Choosing lean cuts of meat. In the case of beef, the leanest cuts are
those of “select” or “choice” (not “prime”) grade, with the words
“round” or “loin” in their names, such as eye round and top sirloin. 
“Lean” has a specific meaning when used in food labeling in the

Table 3. Examples of lean meat and poultry*

Total Fat Saturated Fat Cholesterol
(per 3 oz. (per 3 oz. (per 3 oz.
serving) serving) serving)
Grams Percent Grams Percent Milli- Percent

of Daily of Daily grams of Daily
Value Value Value

Beef eye round 4.2 6 1.5 8 59 20
Beef bottom round 6.3 10 2.1 11 66 22
Beef top sirloin 
steak 6.1 9 2.4 12 76 25
Beef tenderloin
steak 8.1 12 3.0 16 71 24
Ground beef, 95%
lean 5.0 7 2.2 11 65 22
Pork top loin chop 6.6 10 2.3 12 68 23
Pork tenderloin 4.1 6 1.4 7 67 22
Lamb leg 6.6 10 2.3 12 76 25
Chicken breast,
skinless 3.0 5 0.9 5 72 24
Chicken thigh,
skinless 9.2 14 2.6 13 81 27
Turkey breast,
skinless 0.6 1 0.2 1 61 20
Turkey, light and
dark meat, skinless 2.2 3 0.7 4 83 28

* Veal was not included in this table because the cholesterol content of most cuts of veal is
slightly higher than the limit the U.S. government allows for “lean” meat. However, the
total fat and saturated fat content of lean veal is similar to that of the other red meats list-
ed here. Data from reference 7.



U.S. (21). The term “lean” means that meat, poultry, or seafood contains
less than 10 g of total fat, 4.5 g or less of saturated fat, and less than 95
mg of cholesterol per serving (usually, 3 oz.) and per 100 g (about 3.5
oz.).* Table 3 gives some examples of lean meat and poultry.

Producers of beef and other meats have responded to consumers’
concerns about fat and cholesterol by raising leaner animals, trimming
more outer fat from retail cuts of meat, and producing lower-fat ground
and processed meat products (23). Lean beef and other lean red meats
are now readily available to American consumers. 

Because of changes in production methods, combined with changes
in consumers’ food choices, the proportions of total fat and saturated fat
in the U.S. food supply contributed by meat/poultry/seafood decreased
from 35 to 25% and from 37 to 26%, respectively, between 1970 and
1994, even though total consumption of meat/poultry/seafood actually
increased slightly during the same period of time (23).

Several studies in people with high blood cholesterol levels have
shown that a cholesterol-lowering diet that includes lean red meat is just
as effective in reducing blood cholesterol levels as a similar diet that
includes only lean “white” meats (poultry or fish) (24–28). The results
of these studies make sense because the cholesterol-raising saturated
fatty acids in meat are found primarily in the fatty portion of the meat.
Since lean meats — of whatever color — contain relatively little fat,
they would be expected to raise cholesterol levels less than higher-fat
meats do.

Of course, this does not mean that it is acceptable to eat unlimited
quantities of meat. As the data in Table 3 show, meats do contain satu-
rated fat and cholesterol, and a person who eats these foods in excessive
quantities could exceed the maximum intake levels of these food com-
ponents called for by the Dietary Guidelines for Americans and the
Food Guide Pyramid. In general, though, people don’t eat too much
meat. The Food Guide Pyramid calls for 2–3 servings per day from the
Meat Group, for a total of 5–7 ounces of meat or its equivalent. A com-
parison of the Pyramid recommendations with national dietary survey
findings from 1994–98 indicated that men eat an average of 6.7 ounces

The Role of Beef in the American Diet
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*Ground beef is an exception. At the time of this writing, the U.S. Department of
Agriculture had not yet established rules for the use of terms such as "lean" and "extra
lean" on ground beef, although a proposed rule is currently in process (22). Until a final
ruling is made, different supermarkets may choose to label these products in diff e r e n t
ways. Consumers who are looking for the leanest ground beef should select products on
the basis of the lean/fat percentages that appear on the label. For example, a product
labeled 95% lean (5% fat) is preferable to one labeled 85% lean (15% fat). These per-
centages refer to the percent of fat or lean by weight, not the percent of calories.



of Meat Group foods daily, while women eat an average of 4.0 ounces
(29). Thus, the typical man’s consumption of foods from this group is
within the recommended range, while the typical woman’s intake is
lower than recommended.

The Fats in Beef

Many people believe, incorrectly, that all of the fat in animal foods
is saturated, while all of the fat in plant foods is unsaturated. Actually,
no fat is 100% saturated or unsaturated; fats from both animal and veg-
etable sources include both types of fatty acids, in different proportions.

15
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Figure 2. Fatty acids in beef

Figure 2 shows the percentages of the total fatty acids in beef that
consist of saturated, monounsaturated, and polyunsaturated fatty acids.
As the graph indicates, about half of the fat in beef is monounsaturated
(the same sort of fat found in olive and canola oils); monounsaturated
fatty acids do not have detrimental effects on cholesterol levels. Beef is
the single largest source of monounsaturated fatty acids in the U.S. diet,
accounting for 12.9% of total monounsaturated fat intake among U.S.
adults (5). Even the saturated fatty acids in beef, which make up about
45% of its total fat content, are not all cholesterol-raising. As Figure 3
shows, about one-third of the saturated fatty acid content of beef con-
sists of stearic acid, which neither raises nor lowers cholesterol (30).



Thus, of the total fatty acids in beef, only about one-third are choles-
terol-raising fatty acids.

The Role of Beef in the American Diet
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Figure 3. Fatty acids in beef including stearic acid

Recently, concerns have been raised about levels of trans fatty acids
in the diet. Trans fatty acids are unsaturated but, because of their unusu-
al chemical configuration, they raise levels of undesirable low-density
lipoprotein (LDL) cholesterol and lower levels of desirable high-density
lipoprotein (HDL) cholesterol. The National Academy of Sciences
(NAS) recently recommended that consumption of these fatty acids
should be kept as low as possible within the context of a nutritionally
adequate diet (31) because they have an undesirable effect on choles-
terol levels and no nutritional benefit. However, the NAS noted that
completely eliminating trans fatty acids from a typical person’s diet
would make it very difficult to meet other nutritional guidelines.

The principal source of trans fatty acids in the U.S. diet is hydro-
genated vegetable fats such as margarine, shortening, and foods that
contain them. The trans fatty acids are produced during the hydrogena-
tion process that transforms liquid oils into solid fats. Trans fatty acids
are also produced naturally by ruminant animals and therefore are pres-
ent in foods derived from those animals, including beef, lamb, and dairy
products. However, unlike the trans fatty acids in hydrogenated veg-
etable fats, those in foods of animal origin are of little concern for two
reasons:
1. As shown in Table 4, the amount of trans fatty acids in beef and

other animal products is small in comparison with the amount in
foods made with hydrogenated vegetable fats. 



2. The proportions of various kinds of trans fatty acids found in beef
and other foods from ruminant animals are not the same as those
found in hydrogenated vegetable fats. Thus, they may not have the
same cholesterol-raising effect as the trans fatty acids in hydro-
genated vegetable fats do (32). 

BEEF AND HEALTH
Concerns have been raised that some components of beef may be

unhealthful. The following sections discuss the scientific evidence on
whether beef, or substances produced during the cooking of beef, might
be linked to cancer risk, and present current information on the use of
animal health products (drugs) in beef production.

V. Is Meat Intake Related to Cancer Risk?
A substantial body of scientific evidence indicates that people’s eat-

ing habits may influence their risk of some types of cancer. However,
the relationship between dietary composition and cancer risk is very
complex and therefore not clearly understood.The results of scientific
studies of diet and cancer have often been inconsistent and inconclusive. 
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Table 4. Examples of trans fatty acid contents of

foods

Food Trans Fatty Acid Content*

Grams per 100 % of Total Fat
Grams of Food

Milk, whole 0.07–0.1 2.7–3.4
Ground beef, 79% lean/21% fat 0.7 4.5
White bread, commercially baked 0.1–1.4 9.2–25.5
Doughnuts, cake-type 0.5–6.9 3.8–29.2
Crackers, snack-type 5.9–8.4 25.2–39.7
Chocolate chip cookies 4.0–9.0 18.7–36.2
French fries, fast-food 1.2–5.2 11.3–34.1
Potato chips 0–10.6 0–29.7
Margarine, stick 13.0–25.1 20.1–31.9

* The values in this table were compiled by the U.S. Department of Agriculture (refer-
ence 7). In some instances, values for multiple samples or brands of the same type of
product differed substantially, presumably reflecting differences in the type or amount
of fat used in the recipe. 



Inconsistent Findings

In 1997, the World Cancer Research Fund published a comprehen-
sive review of the scientific evidence on diet and cancer, which ranked
various links between specific foods and cancer as “convincing,” “prob-
able,” or “possible.” The most notable conclusion of this report was that
there was “convincing” evidence that ample intakes of vegetables and
fruits reduce the risk of a variety of cancers; that conclusion remains
valid today. More tentatively, the report concluded that there was a
“probable” link between high intake of red meat and increased risk of
colon cancer, and “possible” links between red meat and breast and
prostate cancers (33). 

Since 1997, additional scientific studies have been completed, with
inconsistent results. One recent expert review noted that the majority of
additional studies of colon cancer published since 1997 have not associ-
ated meat intake with increased risk; thus, the weight of evidence per-
taining to colon cancer may be weaker than the “probable” status it had
in 1997 (34). A recent combined analysis of eight major breast cancer
studies found no association between red meat intake and the risk of
this type of cancer (35). In fact, there is little convincing evidence for
an association of any specific dietary factors with breast cancer risk,
although obesity may play a role (36). Uncertainties also remain with
regard to prostate cancer; the evidence for a link with dietary factors is
still considered tentative rather than conclusive (37).

Until more is learned about the relationship between cancer risk and
specific dietary factors such as red meat intake, moderation rather than
drastic dietary change is the best course of action. A well-balanced diet
that includes reasonable amounts of foods from all the major food
groups, without excessive intakes of saturated fat or total calories, is the
most prudent choice.

Substances Produced by Cooking

Concerns have been raised about the presence of substances called
heterocyclic amines in some cooked meat and poultry, including beef.
Laboratory experiments have shown that heterocyclic amines can cause
mutations in a cell’s genetic material and that, like many other muta-
gens, heterocyclic amines can cause cancer when fed to laboratory ani-
mals in very high doses (38).   

Heterocyclic amines are formed when components of proteins react
with another substance, called creatine, when subjected to intense heat-
ing. This reaction is almost entirely limited to muscle foods (meats)
because most other foods do not contain creatine. Heterocyclic amines

The Role of Beef in the American Diet
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are produced in greatest quantities when foods are cooked at very high
temperatures, particularly if they are cooked for long periods of time.
The type of cooking is important; more heterocyclic amines are pro-
duced during pan-frying, broiling, or grilling than during stewing, boil-
ing, or poaching (39). Roasting generates heterocyclic amines, but prac-
tically all of them end up in the drippings rather than the meat (40).
Although fast food meats, including hamburgers and chicken, are usual-
ly grilled or fried, the levels of heterocyclic amines in these products are
very low or not even detectable (41), presumably because of the short
cooking times and moderate temperatures used. 

Even though heterocyclic amines have been shown to be carcino-
genic in animal experiments, their presence in food is not a cause for
alarm. Foods contain trace amounts of numerous substances that can be
shown to be carcinogenic when concentrated and fed to laboratory ani-
mals in very high doses. Most of these substances are naturally occur-
ring food components, others are synthetic, and still others are produced
by cooking. Many common foods contain these substances. For exam-
ple, consider a lunch consisting of a hamburger on a bun, carrot sticks,
an apple, and a cup of coffee. Or perhaps you would prefer a turkey
sandwich, a lettuce and tomato salad, grapes, and tea. In either case,
every item in your meal would contain animal carcinogens.* And some
of these foods, along with many other foods, also contain anticarcino-
genic substances.

O b v i o u s l y, it would be unrealistic to attempt to remove all traces of
carcinogens from the food supply. Current scientific knowledge indi-
cates that these substances pose little or no risk when consumed in the
trace amounts found in food. The kind of “zero tolerance” philosophy
t h a t ’s appropriate for proven human cancer-causing agents with no
health benefits, such as cigarettes, is inappropriate for foods that hap-
pen to contain tiny amounts of naturally occurring or synthetic carcino-
g e n s .

Heterocyclic amines differ from other animal carcinogens found in
small amounts in food in only one respect: because these substances are
a product of cooking, exposure can be decreased by choosing cooking
methods carefully. Table 5 gives some cooking suggestions based on
publications of the National Cancer Institute and the beef industry. If
you choose to implement these suggestions, please remember that the
most important consideration when cooking meat, poultry, or seafood is
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*For additional examples of foods that contain carcinogens and a more complete expla-
nation of the science pertaining to this topic, see A C S H ’s Holiday Dinner Menu, avail-
able online at http://www. a c s h . o rg/publications/booklets/menu99.html 



microbiological safety. Foods of animal origin must be cooked ade-
quately in order to be safe. The very real risk of foodborne illness from
inadequately or improperly cooked food far outweighs any theoretical
health risk from heterocyclic amines.

Another type of mutagen that may be produced in meat by cooking
is polycyclic aromatic hydrocarbons (PAHs). These substances are asso-
ciated with burnt meat, especially if the meat is cooked at extremely
high temperatures, and their production can be avoided by using more
moderate temperatures and not allowing meat to char.

VI. Use of Drugs in Beef Cattle
In the course of raising cattle and other animals, producers may use

various animal health products, such as hormones and antibiotic drugs, to
protect the animals’health, treat or control animal diseases, and promote
nutritional efficiency and growth. As is the case with drugs used in
humans, drugs used in animals must be approved by the Food and Drug
Administration before they can be used in the U.S. The effect of a drug on
the safety of human food derived from animals is taken into account when
decisions are made about the acceptability of particular animal drugs.
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Table 5. Tips for minimizing heterocyclic amine

formation

• Cook these foods to the correct temperatures, but do not overcook.
• When it’s practical, choose cooking methods that don’t generate hete-

rocyclic amines, such as stewing, simmering, braising, poaching, or
deep-frying.

• When roasting, don’t make gravy from drippings.
• Don’t char food.
• Cook over a low-to-moderate temperature heat source rather than

using very high heat.
• When grilling, use small pieces of food rather than large ones, so that

the food will cook more quickly.
• To decrease the heterocyclic amine content of grilled foods, partially

cook the food in a microwave oven, pour off the drippings, and finish
the cooking on the grill.*

* This technique is safe only if grilling immediately follows microwaving. It is not safe
to partially cook food at one time and then finish cooking it later because bacteria can
grow in the partially cooked food.



Concerns have been raised about two classes of products used in
food animal production — hormones and antibiotics. The following sec-
tions present up-to-date information on these topics.

Hormones

Three natural and three synthetic steroid hormones have been
approved for use at very low concentrations to increase the rate of
weight gain in beef cattle (42). These hormones are used because they
allow cattle producers to raise animals on a smaller amount of feed, thus
lowering the cost of beef for consumers. The hormones are administered
in an implant in the ear, an inedible part of the animal.

There is no risk to consumers from eating meat from animals treat-
ed with natural hormones because the amounts of hormones left in the
meat are very low in comparison with the amounts naturally present in
the human body (42). For example, a three-ounce serving of beef from
an animal treated with the natural hormone estradiol (estrogen) con-
tains 1.9 nanograms of estrogen; the same amount of meat from an
untreated animal would contain 1.2 nanograms. A nanogram is one bil-
lionth of a gram. Although the meat from the treated animal does con-
tain more estrogen, the difference (less than one billionth of a gram) is
negligible in comparison to the 136,000 nanograms produced each day
in a man’s body or the 480,000 nanograms produced daily in a
w o m a n ’s body (43). The total amount of estrogen in a serving of beef
from a treated animal is also low in comparison with the amount natu-
rally present in animal products such as eggs and milk or the amount of
plant estrogens found in foods such as wheat germ and soybean oil, all
of which are safe (44).

The situation with synthetic hormones is slightly different, since
these hormones are not naturally produced. However, they too have
been evaluated for safety. Before these hormones were approved, the
Food and Drug Administration required extensive toxicological testing
in animals to determine safe levels in edible tissues (42). The manufac-
turers were also required to demonstrate that the amount of hormone
left in edible tissues after treatment was within the safety limit (42).

Antibiotics

Antibiotics are used in animals in much the same ways that they are
used in humans — that is, to treat or prevent bacterial diseases. They
may also be used in low doses to enhance growth and feed efficiency
(the amount that an animal grows on a given amount of feed). Anti-
biotics may enhance feed efficiency at least in part by allowing the ani-
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mal to devote more of the nutrients it consumes to growth, rather than
using them to fuel its body’s defenses against bacterial infections (45).
When antibiotics are administered in low doses (for disease prevention
rather than disease treatment), they are often given to entire groups of
animals in their feed or water.

In beef cattle, antibiotics are used in low doses as a disease preven-
tive during periods of stress when the animals are most likely to get
sick, such as after being shipped for a long distance or after arrival at a
feedlot, where they are exposed to many other animals (45). They are
also used in higher doses to treat disease. The beef industry has devel-
oped guidelines based on the principle that antibiotic use should be lim-
ited to controlling and preventing disease as the primary goal (46).

The use of antibiotics in animal agriculture has both benefits and
risks. There has been much public discussion about the potential risks,
but people who do not work in agriculture may be less aware of the
benefits. Because antibiotics help keep animals healthy, they can help to
prevent the spread of diseases to other animals and to people. In addi-
tion, antibiotics have played a major role in making modern animal
agriculture possible. Many experts say that the move toward more inten-
sive animal production after World War II, which has allowed fewer
people to produce greater quantities of food at lower cost, would not
have been possible without antibiotics (45). In the absence of these
drugs, producers would not have been able to raise large numbers of
animals in relatively small areas because infection would have spread
among the animals too easily.

In terms of risks, the first concern that may come to mind is the
possibility that residues of antibiotics administered to animals might be
present in meat derived from those animals. However, this is almost
never a problem. A “withdrawal” period is required after the end of
antibiotic use before it is legal to slaughter the animal (47). The purpose
of the withdrawal time is to allow residues of the drug to exit from the
animal’s body. The USDA randomly samples cattle at slaughter and
tests them for residues of antibiotics and other drugs. Data from this
monitoring system show that residues that violate the standards are very
rare (45,47).

A more significant concern is the fact that all uses of antibiotics can
promote the development of antibiotic resistance among bacteria, which
can make human diseases more difficult to treat. The use of antibiotics
in human medicine — especially their inappropriate or incorrect use —
plays a major role in promoting the development of resistance. The use
of antibiotics in animal agriculture is also a contributing factor, but
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experts disagree about its relative importance and about the changes that
may need to be made in antibiotic use practices (45, 48–50). One reason
why views differ is that gaps exist in the available data on how antibi-
otics are being used and on the connections between patterns of antibi-
otic use and the development of antibiotic resistance. Better monitoring
and more research are needed. All experts agree, however, that antibi-
otics should be used judiciously, and only when truly necessary.

The Food and Drug Administration, which regulates the use of ani-
mal drugs, is changing the way in which it regulates antibiotics used in
livestock to place more emphasis on the problem of antibiotic resistance
(51). The new policies are likely to lead to the discontinuation of use in
animals of certain antibiotics of special importance in human medicine
(this has already happened with one antibiotic formerly used in poultry
production). In addition, FDA now requires that effects on antibiotic
resistance must be assessed when new antibiotics intended for use in
food animals are evaluated (52).

MICROBIOLOGICAL FOOD SAFETY ISSUES
Contrary to popular belief, chemicals in food are not the major

cause of foodborne illnesses. The real danger is disease-causing
microorganisms. Some experts estimate that foodborne diseases caused
by microorganisms account for roughly 76 million illnesses, 325,000
hospitalizations, and 5,000 deaths in the U.S. each year (53).  

The following sections of this report discuss food safety issues as
they pertain to beef. First, the specific types of disease-causing microor-
ganisms that may be found in beef will be discussed. Then, information
on the safe handling of beef and other foods will be presented. Finally,
the technology of irradiation — which has much to offer in terms of
improving the microbiological safety of many foods, including beef —
will be briefly summarized.

VII. Specific Disease-Causing Microorganisms
Different types of food are at risk of contamination with different

microorganisms. In the case of beef, three organisms of special concern
are E. coli O157:H7, Salmonella, and Listeria monocytogenes.

E. coli O157:H7

Escherichia coli, more commonly known as E. coli, is a type of
bacterium commonly found in the intestines of warm-blooded animals,
including livestock and humans. Most strains of this bacterium are
harmless, but a few can cause illness. 
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E. coli O157:H7 is a strain of E. coli that can cause serious illness
in people. It was first recognized in 1982 and is now considered one of
the most important foodborne disease-causing microorganisms.
Infection with this organism can cause severe bloody diarrhea. In 2–7%
of all cases, the disease also leads to a complication called hemolytic
uremic syndrome, which can cause kidney failure (54). This complica-
tion occurs most often in young children or elderly people. About 3–5%
of all cases of hemolytic uremic syndrome are fatal, and about one-third
of survivors develop long-term kidney problems (54). E. coli O157:H7
has been estimated to be responsible for roughly 73,000 illnesses, 2,100
hospitalizations, and 61 deaths in the U.S. each year (55).

Healthy cattle (and some other types of domestic and wild animals)
sometimes carry E. coli O157:H7 in their intestinal tracts; the bacterium
does not make the animals ill and therefore cannot be detected by ordi-
nary inspection procedures at the slaughterhouse, which are designed to
identify signs of disease in the carcasses. If an animal carries the bac-
terium, the meat may become contaminated during or after slaughter.
The meat can still be eaten safely, provided that it is cooked thoroughly.
Cooking meat to at least 160°F kills E. coli. However, if the meat is
undercooked, or if bacteria from the meat are allowed to contaminate
other foods, people can get sick.

Besides beef, other foods that have been associated with illness
caused by E. coli O157:H7 include raw (unpasteurized) milk, unpasteur-
ized apple juice and cider, alfalfa sprouts, and dry-cured sausage
(54,56). The microorganisms can also be transmitted by contaminated
water, including swimming pool water, and by person-to-person contact.
Table 6 lists precautions that people should take to protect themselves
and their families against this organism. 

E. coli O157:H7 is one of the most difficult foodborne microorgan-
isms to deal with, for several reasons. As mentioned earlier, the disease
can be very severe, and ordinary visual inspection of food can’t detect
contamination. In addition, it takes only a few bacteria to cause disease,
and this makes it difficult for contamination to be detected even by
sophisticated microbiological testing methods. The fact that this
microorganism has only been recognized as a cause of disease for 20
years adds to the problem. Scientists are playing catch-up on this one;
they simply don’t have as broad a base of knowledge of this organism
as they do with long-recognized foodborne microorganisms such as
Salmonella.

Despite the difficulties, though, much is being done to reduce the
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risks posed by E. coli O157:H7 in beef. In 1994, the U.S. Department of
Agriculture (USDA) declared E. coli O157:H7 in ground beef to be an
adulterant — meaning that any ground beef found to contain the organ-
ism must be further processed to kill the microorganism or be
destroyed. The agency now tests random samples of ground beef for
this organism. In the year 2001, 7009 samples were analyzed, and 59
were found to contain the bacterium (57). Many meat producers also
test their products for this bacterium. 

The meat industry is working to develop methods to decrease E.
coli O157:H7 contamination in their products. In addition to modifying
procedures to reduce the risk of contamination, meat packing plants
have started to use special technologies, such as steam vacuuming and
the use of hot water and organic acids, to decrease contamination on
beef carcasses. The use of irradiation to kill disease-causing microor-
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Table 6. How to protect against E. coli O157:H7*

• Cook ground beef thoroughly, to 160°F or higher, and verify the tem-
perature with a food thermometer.

• Take precautions while shopping and in your kitchen to prevent bacte-
ria from raw meat from cross-contaminating cooked meat or other
foods.

• If you are served a visibly undercooked hamburger in a restaurant,
don’t eat it.

• Drink only pasteurized milk, fruit juice, and cider.
• Wash fruits and vegetables thoroughly, especially those that will not

be cooked.
• Avoid eating raw sprouts, such as alfalfa sprouts. This is especially

important for children under age 5, immunocompromised persons,
and the elderly.

• Drink municipal water that has been treated with chlorine or other
effective disinfectants.

• Avoid swallowing water while swimming.
• Make sure that individuals with diarrhea (especially children) wash

their hands after bowel movements, and that people who change dia-
pers wash their hands afterwards. Anyone with diarrhea should not go
swimming, share a bath with other people, or prepare food for others.

* Adapted from reference 54.



ganisms such as E. coli O157:H7 in meat has also been approved and is
beginning to be used for ground beef by some retailers (including
Wegman’s, Dairy Queen, Omaha Steaks, and very recently, Giant — a
major supermarket chain in the Washington, DC area). Irradiation is dis-
cussed in more detail below.

Although all of these steps are valuable, none of them guarantees
that ground beef will be free from E. coli O157:H7. Steam vacuuming
and similar technologies are not always 100% effective, and the fact
that a sample from a particular batch of ground beef tested negative for
the organism does not provide 100% assurance that other portions of the
same batch are not contaminated. Therefore, it is extremely important
for consumers to protect themselves by always cooking ground beef to
at least 160°F and preventing raw meat from cross-contaminating other
foods.

Salmonella

The bacterium Salmonella is one of the leading causes of foodborne
illness. It causes diarrhea, fever, and abdominal cramps, usually lasting
for 4–7 days (58). The disease, which is called salmonellosis, can be
serious or even fatal in infants, the elderly, and those with impaired
immune systems, but it is usually not serious in other people.
Salmonellosis is usually a foodborne disease, but it can also be spread
by contact with pets or other animals, especially reptiles, and by person-
to-person contact. Fortunately, Salmonella bacteria in foods can be
destroyed by cooking.

Salmonella is often found in raw meat and poultry — though less
often in beef than in chicken or turkey. In recent U.S. Department of
Agriculture tests, Salmonella was found in 29.2% of ground turkey
samples, 15.7% of ground chicken samples, and 3.4% of ground beef
samples (59). 

The good news about Salmonella is that both the frequency of con-
tamination of raw meat and poultry (59) and the number of cases of ill-
ness caused by this organism (60) have decreased substantially since the
mid-1990s. These decreases are believed to be linked to the implemen-
tation of improved science-based inspection and a systematic hazard
control program called HACCP (for Hazard Analysis and Critical
Control Points) during the same time period (59). 

Listeria monocytogenes

Listeria monocytogenes is commonly found in the soil, on plants,
and elsewhere in the environment. In most people, exposure to this bac-
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terium is unlikely to cause significant illness. However, if a pregnant
woman becomes infected with Listeria, it can cause premature birth,
miscarriage, or death or permanent harm to the fetus (61). Infants, elder-
ly people, and those with weakened immune systems are also at risk of
serious illness from Listeria.

Unlike most bacteria, Listeria can grow at refrigerator temperatures.
Thus, illnesses caused by this bacterium are often linked to processed
foods that are stored under refrigeration for substantial periods of time,
such as delicatessen foods. There is no special link between Listeria and
beef, but the bacterium may contaminate beef products just as it can
contaminate other foods.

The U.S. government has advised women to take special precau-
tions during pregnancy to prevent exposure to Listeria. With regard to
meats, they recommend 1) not eating hot dogs, luncheon meats, or deli
meats unless they are reheated until steaming hot; and 2) not eating
refrigerated paté or meat spreads (61). These precautions apply equally
to beef and other meats.

VIII. Safe Handling of Beef and Other Foods
Everyone who handles food — farmers, processors, retailers, food

service personnel, and consumers — shares the responsibility for keep-
ing food safe from microbiological hazards. Although there is much that
the food industry can do to help keep food safe, the consumer — the last
step of the food chain — also plays a crucial role. Proper storage, han-
dling, and preparation of food in the home are essential to food safety.

Raw foods of animal origin, including beef and other meats, need to
be handled with special care. These foods may be contaminated with
bacteria from the animals or the environment, often including contami-
nation within the home. To prevent the bacteria from making people
sick, it is essential to:
• Make sure that raw animal foods and their juices don’t come into

contact with and contaminate cooked animal products or other
foods.

• Cook animal foods properly to ensure that any potentially harmful
bacteria that may be present are destroyed.
In addition, because fresh meat is perishable, both in the raw state

and the cooked state, it must be kept cold (40°F or lower) to minimize
the growth of microorganisms.*
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*For more information on this topic, see the ACSH report Eating Safely: Av o i d i n g
Foodborne Illness, available online at  http://www. a c s h . o rg / p u b l i c a t i o n s / b o o k l e t s / e a t-
s a f . p d f .
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Table 7. Four principles of food safety*

Clean

• Wash your hands before you handle food or food utensils and fre-
quently during food preparation.

• Immediately after working with raw meat, poultry, seafood, or eggs,
wash all utensils and surfaces that you used and wash your hands
before going on to other tasks.

• Clean cutting boards thoroughly after each use. Replace them when
they develop deep, hard-to-clean grooves.

Separate

• To prevent cross-contamination, keep raw meat, poultry, seafood,
and eggs separate from other foods in your shopping cart, grocery
bags, and refrigerator. Make sure that juices from these foods can-
not drip onto other foods.

• Wash utensils that were used to handle raw meat, poultry, seafood,
or eggs before re-using them for other foods. For example, the plat-
ter that you used to carry raw meat to the grill should be washed
before being used to serve the cooked meat.

Cook

• Cook foods to a safe temperature. For beef, the minimum safe tem-
peratures are as follows:
• Medium-rare steaks and roasts: 145°F
• Medium steaks and roasts: 160°F
• Hamburgers, meat loaves, and other ground beef dishes: 160°F
• Reheated leftovers: 165°F
• Well-done steaks and roasts: 170°F

• Use a food thermometer every time you cook meat or poultry —
even small pieces such as hamburgers or chicken breasts — to make
sure that the food is cooked to a safe temperature. Never judge the
doneness of food by its appearance.

* The four principles listed here are the basis for the U.S. government’s educational
programs on food safety. For more details on how to implement these principles, see
the federal government’s extensive collection of food safety information at
www.foodsafety.gov.



Table 7 explains the four main principles of food safety  — Clean,
Separate, Cook, and Chill. Two points pertaining to the Cook step need
special emphasis with regard to beef:

1. Unlike beef steaks and roasts, which can be served medium-
rare, ground beef must always be cooked thoroughly. The bacteria
on an intact (unground) piece of meat are almost always located on the
meat’s surface. Even if the piece of meat is cooked only to the medium-
rare degree of doneness (145°F), the surface would receive enough heat
to destroy bacteria. When meat is ground, however, surface bacteria can
be transferred to the interior, which may not become hot enough to kill
them if the meat is only cooked to medium-rare. Therefore, it is neces-
sary for all of the ground meat to be cooked thoroughly. All dishes
made with ground beef should be cooked until the center reaches at
least 160°F to ensure the destruction of any bacteria that might have
been distributed through the meat by the grinding process.

2. A food thermometer should always be used to determine
whether meat, poultry, and other perishable foods have been cooked
to a safe temperature. Traditionally, cooks judged the “doneness” of
meat by color. For example, until a few years ago, people considered a
hamburger that was brown on the inside to be safely cooked, while one
that was pink on the inside was considered undercooked. However,
recent research has shown that judging by color isn’t reliable. In 1995, a
study conducted at Kansas State University showed that ground beef
may turn brown before it has reached a safe internal temperature (62).
Subsequent research by the U.S. Department of Agriculture showed that
more than one-fourth of all hamburgers turn brown before reaching
160°F (57). In other instances, hamburgers that have been cooked to
160°F or higher may retain some pink color in the center. The differ-
ences in hamburger color depend on many factors including length of
storage of the meat before cooking, contact with air, the amount of pig-
ment in the meat, and the meat’s fat content (63). 
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Chill

• Buy perishable foods such as fresh meat last when shopping, and
refrigerate them immediately when you get home.

• Refrigerate perishable leftovers promptly, or freeze them if they will
not be used within a day or two.

• Thaw frozen foods in the refrigerator or microwave, not at room
temperature, and cook immediately after thawing.

Table 7. Four principles of food safety (continued)



Using a Food Thermometer

Since color is not a reliable indicator of whether beef or other meat
or poultry is safe to eat, a food thermometer should be used every time
these foods are prepared. Many types of food thermometers are avail-
able, and they all work well with large pieces of food. For small pieces
of food, such as a hamburger or chicken breast, the most convenient
type of thermometer to use is a digital instant-read thermometer. If the
food is thick enough, it may be possible to insert the thermometer from
the top. If not, or if you must use a dial instant-read thermometer, insert
the thermometer from the side and make sure that it reaches the center
of the food. It may be necessary to remove the food from the heat and
transfer it to a clean plate before inserting the thermometer. If the ther-
mometer shows that the food has not yet reached a safe temperature,
continue cooking and wash the thermometer probe (the part that goes
into the food) thoroughly before checking the food’s temperature again.
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Figure 4. Proper use of meat thermometer on

hamburgers

Freezing Beef

People sometimes buy beef in quantities greater than they can use
right away, with the intention of freezing some of the meat for later use.
Freezing is a safe way to store beef and other foods, provided that the

Courtesy of the National Cattlemen's Beef Association & Cattlemen's Beef Board.



temperature of the freezer is maintained at 0°F or lower. Food that is
stored constantly at 0°F or lower will stay safe indefinitely, but its quali-
ty will deteriorate over time. The recommended maximum frozen stor-
age times for beef and other foods are based on quality rather than safe-
ty concerns. For specific information on how long you can freeze beef
and other foods without an unacceptable decrease in quality, consult the
U.S. Department of Agriculture’s Web site at http://www.fsis.usda.gov
/ O A / p u b s / f r e e z i n g . h t m and h t t p : / / w w w. f s i s . u s d a . g o v / o a / p u b s / f o c u s b e e f . h t m.

IX. Irradiation 
Food irradiation is the controlled treatment of foods with ionizing

radiation, such as gamma rays or X-rays.* This process can be used to
kill disease-causing bacteria. It can be particularly useful in situations
where the bacteria may be distributed throughout the product, such as
with ground meats. Most other techniques for killing bacteria either
work only on the surface (e.g., steam vacuuming of carcasses at a meat
packing plant) or dramatically change the food (e.g., cooking).
Irradiation can kill bacteria in the inside of the meat without causing
unacceptable changes in flavor or nutritive value and without cooking
the food. Meat can be irradiated within its packaging, thus protecting it
against recontamination until the package is opened by the user. In
many ways, irradiation is much like the heat pasteurization process used
on milk and fruit juices. Both processes kill disease-causing bacteria
without causing major changes in the food product, and both are partic-
ularly useful in situations where good sanitation alone may not be able
to ensure the microbiological safety of a raw food. 

Irradiation is a safe and well-tested process (64–66). It does not
make food radioactive or cause dangerous chemical changes in food; in
fact, the chemical changes that result from irradiation are similar to
those produced by more familiar processes such as cooking. The
process can be conducted without posing hazards to the environment or
to workers. The necessary safety precautions are already well under-
stood because the same process has been used for many years to steril-
ize medical equipment and consumer products such as contact lens solu-
tions. Irradiation has been approved for many years for various food
uses, such as killing insects and bacteria in spices and destroying the
causative agent of trichinosis in pork. However, it was not until 1997
that the Food and Drug Administration (FDA) approved irradiation to
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*For more information on food irradiation, see the ACSH report Irradiated Foods, avail-
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kill bacteria in beef and other red meats.
Consumer acceptance of food irradiation is already fairly high; in a

large survey conducted in several parts of the U.S. in 1998–99, 49.8%
of adult respondents reported that they were willing to buy irradiated
meat and poultry (67). Other studies have indicated that acceptance is
even higher after consumers are educated about the food safety benefits
of irradiation (65).

The increased use of irradiation to treat meat and poultry would
have important benefits for consumers in the U.S.

CONTEMPORARY ISSUES IN THE NEWS
The next sections of this report discuss two diseases of cattle that

have caused serious problems in some other parts of the world but that
are not present in the United States. Comprehensive efforts are being
made to keep both diseases out of the U.S. and to minimize their impact
if they ever do appear. American consumers do not need to take either
of these diseases into account when making food choices (except when
traveling to affected countries). The following discussions are included
so that readers will be able to put news reports about these diseases into
perspective and understand the precautionary measures that are being
taken to keep these diseases out of the U.S.

X. Bovine Spongiform Encephalopathy
Bovine spongiform encephalopathy (BSE), commonly known as

mad cow disease, is a degenerative disease of the nervous system of cat-
tle that results from infection with an unusual agent. Current research
suggests the agent that causes BSE is a “prion,” an abnormal protein
with a novel mode of replication and transmission (68). Cattle may con-
tract the disease from feed containing animal byproducts contaminated
with this protein. It takes a long time — probably years — for infection
with this agent to produce detectable symptoms. Prions are very hard to
destroy; in comparison with viruses and bacteria, they are unusually
resistant to heat and radiation. The abnormal prion is found almost
exclusively in the brain, spinal cord, eyes, and lymphoid tissue of
affected cattle; it is not present in muscle tissue (meat) unless this tissue
has become contaminated with nervous system tissue, and it is not pres-
ent in the animal’s milk.

Diseases similar to BSE occur in other species. One of the best
known is scrapie, a relatively common disease of sheep that does not
threaten human health. There are also several human spongiform
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encephalopathies. The best known of these is Creutzfeldt–Jakob disease
(CJD), a fatal neurological disorder that occurs sporadically, affecting
about one person in a million, almost always older people.

A major outbreak of BSE began in the United Kingdom in the mid-
1980s. By the year 2000, approximately 200,000 cases of BSE had
occurred in British cattle (69); the epidemic peaked in the early 1990s,
and the number of cases decreased sharply thereafter due to the imposi-
tion of stringent control measures including the destruction of millions
of suspect animals. Cases of BSE have occurred in other countries as
well, primarily in Europe. However, it is important to emphasize that an
active surveillance program in the U.S. has not detected any cases here (70).

Scientists are not certain of the origin of BSE in Britain, but they do
know that once it appeared, it was spread by the practice of including
protein nutritional supplements derived from cattle in the feed given to
young calves. An ordinary viral or bacterial disease would not spread in
this way, since the disease agent would be killed by the heat used in
processing the animal feed supplement. But prions can survive.

At first, it was thought likely that BSE was only a threat to cattle,
just as scrapie is only a threat to sheep. However, in the mid-1990s, a
few cases began to be reported in Britain of a fatal human disease that
resembled CJD, but with some unusual features: the initial symptoms
were different, the course of the disease was slower, and most of the
patients were atypically young for CJD. As of April 2002, about 125
cases of this disease, now called variant CJD (vCJD) or new variant
CJD (nvCJD), had been reported worldwide (71), all in people who had
lived in countries where BSE exists, primarily the U.K. One probable
case has been reported in the U.S., in a British citizen who was living in
Florida at the time of diagnosis (72), and one case has been reported in
Canada, in an individual who had spent extensive time in the U.K. at
the height of the BSE epidemic (73). Both patients are believed to have
contracted the disease in the U.K. There is strong epidemiologic and
laboratory evidence linking vCJD with BSE (69). It is now believed that
the two diseases are caused by the same agent.

Experts believe that most of the people who have contracted vCJD
acquired the disease by consuming cattle products that contained central
nervous system tissue contaminated with the BSE agent (71). Exposure
probably occurred through consumption of ground or processed meat
products that inadvertently contained small amounts of nervous system
tissue.

The U.S. government has taken multiple precautions to keep BSE out
of the U.S. Three of the most important precautions are the following: 
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1. The USDAhas placed a ban on importation of live cattle and other
ruminant animals and most products made from these animals from
countries where BSE is present and from all of Europe. This restriction
was imposed in 1989 for the U.K. and later for some other countries
(74). No beef has been imported into the U.S. from the U.K. since 1985.

2. The USDA has a surveillance program that looks for BSE in U.S.
cattle by testing those that show abnormal behavior or neurological
symptoms, those that cannot walk (so-called downer cattle), and a
random sample of older animals (older cattle have the highest risk
of BSE). This program has been in place since 1990, and no cases
of BSE have been found (74).

3. There is an FDA regulation that prohibits the inclusion of protein
feed supplements derived from cattle, other ruminant animals, and
most mammals in feed for cattle or other ruminants. This “feed
ban,” which was put into effect in 1997 (74), is designed to mini-
mize the spread of BSE if the disease is ever imported into the U.S.

To evaluate the effectiveness of these and other BSE prevention
measures, the U.S. Department of Agriculture asked researchers from
the Center for Risk Analysis at Harvard University to evaluate the con-
sequences of the introduction of BSE into the U.S. by various means.
On the basis of mathematical simulations, the Harvard researchers con-
cluded that “the U.S. is highly resistant to any introduction of BSE or a
similar disease. BSE is extremely unlikely to become established in the
U.S.” (75) The report noted, however, that the “feed ban,” that is, the
prohibition on feeding tissues from ruminants to ruminants, is crucial in
preventing the spread of BSE if the disease is ever introduced into this
country. Some instances of noncompliance with the feed ban or inade-
quate recordkeeping have been reported (76, 77). The federal govern-
ment is now stepping up its efforts to eliminate such situations through
increased education and enforcement (78). Various segments of industry
are also working to ensure that correct feeding practices are followed.
For example, some large buyers of beef (notably, McDonald’s (79)) now
require their suppliers to document the feeding history of their animals.

Because BSE is not a problem in the U.S., American consumers
need not take any special precautions to avoid it except during foreign
travel. Travelers to regions with BSE may wish to consult the Centers
for Disease Control and Prevention’s Web site at h t t p : / / w w w. c d c . g o v / t r a v e l /
for the latest guidance on precautions to be taken when visiting those
areas. At the time that this report was prepared (November 2002), the
CDC was giving travelers the following advice (80):
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To reduce the possible current risk of acquiring nvCJD from food,
travelers to Europe should be advised to consider either 1) avoid-
ing beef and beef products altogether or 2) selecting beef or beef
products, such as solid pieces of muscle meat (versus brains or
beef products such as burgers and sausages), that might have a
reduced opportunity for contamination with tissues that might har-
bor the BSE agent. Milk and milk products from cows are not
believed to pose any risk for transmitting the BSE agent. 

XI. Foot and Mouth Disease
Foot and mouth disease is a viral infection that can affect many

types of animals, including cattle. It does not cause human illness, but
people can carry the virus on their bodies, clothing, shoes, or personal
items and thereby spread it to susceptible animals. The disease is
extremely contagious and can quickly spread through and devastate a
herd. Although there hasn’t been a case of foot and mouth disease in the
U.S. since 1929 (81), this disease has been present in some South
American countries for many years and outbreaks occur regularly in
several other parts of the world. Thus, there is great concern about the
possibility that the disease could be imported into this country. Travelers
returning to the U.S. from countries where foot and mouth disease is
prevalent are asked to declare all food and agricultural items in their
possession and report any contact they may have had with farms in for-
eign countries so that appropriate precautions can be taken to minimize
the risk of bringing the virus into the country (82). Although these pre-
cautions may not be convenient, they are extremely important.
Importation of foot and mouth disease into the U.S. could have devas-
tating effects on American livestock and wildlife.

SPECIALTY BEEF PRODUCTS
Some beef producers market beef that is labeled “natural,” “organ-

ic,” or “grass-fed.” Others produce beef products that conform to the
Jewish (kosher) or Islamic (halal) dietary laws. Consumers sometimes
wonder how these products differ from conventionally produced beef
and whether they are superior to other beef products in terms of nutri-
tion or safety.

The term “natural” has no official legal definition, but when applied
to most foods, it usually means that the food has been minimally
processed and contains no artificial flavors, colors, or preservatives.
This description, of course, would apply to all conventionally produced
fresh meats. To determine exactly what a producer of “natural” beef
means by the use of the term “natural,” consumers need to read the
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product label or consult the producer of the meat.
Unlike “natural,” the term “organic” does have an official defini-

tion. As of October 2002, the U.S. Department of Agriculture has estab-
lished standards that food labeled “organic” must meet (83). In a book-
let for consumers, the USDA explains the meaning of organic as fol-
lows:

Organic meat, poultry, eggs, and dairy products come from ani-
mals that are given no antibiotics or growth hormones. Organic
food is produced without using most conventional pesticides,
petroleum-based fertilizers, or sewage sludge-based fertilizers;
bio-engineering; or ionizing radiation. Before a product can be
labeled “organic,” a Government-approved certifier inspects the
farm where the food is grown to make sure the farmer is following
all the rules necessary to meet USDA organic standards.
Companies that handle or process organic food before it gets to
your local supermarket or restaurant must be certified, too. (83)

Thus, beef labeled “organic” has been produced in ways that differ
from the conventional ones in several respects. However, this does not
necessarily imply that it is a safer or more nutritious product. In fact, as
the USDA explicitly states:

USDA makes no claims that organically produced food is safer or
more nutritious than conventionally produced food. Organic food
differs from conventionally produced food in the way it is grown,
handled, and processed. (83)

Consumers sometimes think that beef labeled “organic” or “natural”
is better than conventionally produced beef in that it is less likely to
contain illegal residues of various chemicals. However, the scientific
evidence indicates that the products do not differ in this regard. In two
studies conducted at Colorado State University, large numbers of sam-
ples of “natural,” “organic,” and conventionally produced beef (both
muscle meat and organ meats) were tested for a variety of drugs used in
beef production, pesticides, and other contaminants. In the first study,
no violative residues of any kind were found in any of the samples (84).
In the second study, no violative drug residues were found. However, a
small number of the samples contained residues of pesticides in excess
of government standards (85). These residues were found in 0.002% of
conventionally produced samples, 0.004% of “natural” samples, and
0.004% of “organic” samples, and all of the affected samples were liver,
not muscle meat.
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Another specialty beef product currently on the market is “grass-
fed” beef. Grass-fed beef comes from animals that were grazed in pas-
tures throughout their lives. This differs from conventional practice, in
which beef cattle are raised in pastures for part of their lives but then
transferred to feedlots and fed a grain-based diet for the last months
before slaughter.

Unlike “natural” and “organic” beef products, which have not been
shown to differ from conventional beef except in their method of pro-
duction, grass-fed beef does differ somewhat in composition from con-
ventional beef because of the difference in the animals’ diets. Research
has shown that the proportion of saturated fatty acids in grass-fed beef
is somewhat lower and the proportions of conjugated linoleic acids
(CLA) and omega-3 polyunsaturated fatty acids (the desirable fatty
acids found most prominently in fatty fish) are somewhat higher than in
conventionally produced beef (86,87). Whether this difference translates
to a truly meaningful benefit in the context of a varied diet has not been
established.

Some publications and web sites that promote the use of organic or
grass-fed beef suggest that these products may have advantages in terms
of microbiological safety. A few even imply that some of the food safety
precautions usually taken in the preparation of beef, such as always
cooking ground beef to at least 160°F, may not be necessary with these
products. This is incorrect.* There is no scientific evidence demonstrat-
ing that organic or grass-fed beef is necessarily free from bacterial con-
tamination. Consumers should handle and prepare all types of beef care-
fully, always cooking them to the recommended temperatures and tak-
ing precautions to prevent cross-contamination of other foods.

Consumers often perceive kosher or halal meats as being of higher
quality than other meats because their production is closely supervised
by religious authorities. It’s important to remember, however, that the
criteria for acceptability in terms of religious standards do not necessari-
ly relate directly to the safety or nutritional value of a product. Kosher
beef has fewer microorganisms on the surface than regular beef does
because it undergoes a soaking and salting process that reduces bacterial
numbers (88). Whether this translates into a food safety advantage has
not been established. Jewish consumers do have one well-established
food safety advantage, though. It is Jewish custom (although the reli-
gious dietary laws do not require it) to cook all meats thoroughly.
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*S i m i l a r l y, some web sites suggest that it is safe to drink unpasteurized milk from org a n i-
cally raised or grass-fed dairy cattle. This also has no scientific basis. No one should
drink raw milk, regardless of how the milk was produced.



Adequate cooking is one of the most important steps in ensuring food
safety.

CONCLUSION
The American public’s taste for beef can be — and usually is —

good news from the standpoint of health. Beef contributes important
nutrients to the diet, and lean beef, in moderate servings, fits well into
heart-healthy eating plans. As is true of all foods, beef must be handled
and prepared correctly in order to ensure its microbiological safety. If
appropriate precautions are not followed, consumers face a risk of food-
borne illness caused by E. coli, Salmonella, or other bacteria. Most of
the other “hazards” attibuted to beef, however, are merely theoretical
concerns that are based on tenuous scientific evidence at most (e.g.,
traces of animal carcinogens produced by cooking, drug residues) or
reflect problems that do not exist in the United States (e.g., bovine
spongiform encephalopathy).

The Role of Beef in the American Diet

38



REFERENCES

1. Statistics published by the National Cattlemen’s Beef
Association (www.beef.org), based on year 2001 figures for
boneless edible consumption.

2. Analysis of the 1994-96, 1998 Continuing Survey of Food
Intake by Individuals (CSFII), Final Report prepared by
Bermudez Consultenos International for the National
Cattlemen’s Beef Association, August 2002.

3. Hunt JR, Moving toward a plant-based diet: are iron and zinc
at risk? Nutrition Reviews 2002;60:127–134.

4. Institute of Medicine, National Academy of Sciences, Dietary
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, Iodine, Iron, Manganese, Molybdenum,
Nickel, Silicon, Vanadium, and Zinc, National Academy
Press, Washington, DC, 2001.

5. Subar AF, Krebs-Smith SM, Cook A, Kahle LL, Dietary
sources of nutrients among US adults, 1989 to 1991, Journal
of the American Dietetic Association 1998;98:537–547.

6. Subar AF, Krebs-Smith SM, Cook A, Kahle LL, Dietary
sources of nutrients among US children, 1989–1991,
Pediatrics 1998;102:913–923.

7. U.S. Department of Agriculture, USDA Nutrient Database for
Standard Reference, release 15, 2002. Available online at
http://www.nal.usda.gov/fnic/foodcomp/Data/index.html

7a. Institute of Medicine, National Academy of Sciences, Dietary
Reference Intakes for Vitamin C, Vitamin E, Selenium, and
Carotenoids, National Academy Press, Washington, DC,
2000.

8. U.S. Departments of Agriculture and Health and Human
Services, Nutrition and Your Health: Dietary Guidelines for
Americans, 5th ed., 2000, available online at
http://www.usda.gov/cnpp/DietGd.pdf

9. National Academy of Sciences, Dietary Reference Intakes for
Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin
B12, Pantothenic Acid, Biotin, and Choline, National
Academy Press, Washington, D.C., 2000.

39

The Role of Beef in the American Diet



10. Hasler CM, The changing face of functional foods, Journal
of the American College of Nutrition 2000;19:499S–506S.

11. Zeisel S, Department of Nutrition, University of North
Carolina at Chapel Hill, personal communication, October
28, 2002.

12. Belury MA, Conjugated dienoic linoleate: a polyunsaturated
fatty acid with unique chemoprotective properties, Nutrition
Reviews 1995;53:83–89.

13. Ha YL, Grimm NK, Pariza MW, Anticarcinogens from fried
ground beef: heat-altered derivatives of linoleic acid,
Carcinogenesis 1987;8:1881–1887.

14. Park Y, Storkson JM, Albright KJ, Liu W, Pariza MW,
Evidence that the trans-10, cis-12 isomer of conjugated
linoleic acid induces body composition changes in mice,
Lipids 1999;34:235–241.

15. Belury MA, Dietary conjugated linoleic acid in health: physi-
ological effects and mechanisms of action, Annual Review of
Nutrition 2002;22:505-531.

16. Kritchevsky D, Tepper SA, Wright S, Tso P, Czarnecki SK,
Influence of conjugated linoleic acid (CLA) on establishment
and progression of atherosclerosis in rabbits, Journal of the
American College of Nutrition 2000;19:472S-477S.

17. Watkins BA, Yong L, Feifert MF, Bone metabolism and
dietary conjugated linoleic acid, In: Advances in Conjugated
Linoleic Acid Research, Vol. 1,  MP Yuraweca, MM
Mossoba, JKG Kramer, MW Pariza, GJ Nelson (eds), AOCS
Press, Champaign, IL, pp. 253–275, 1999.

18. American Heart Association, AHA dietary guidelines.
Revision 2000: A statement for healthcare professionals from
the nutrition committee of the American Heart Association,
Circulation 2000;102:2296–2311.

19. American Heart Association, An Eating Plan for Healthy
Americans (booklet), Dallas, AHA, 2000, available online at
http://www.americanheart.org/downloadable/heart/4102_EatP
lan2000.pdf

20. Data from the Food Marketing Institute’s survey Trends —
Consumer Attitudes and the Supermarket, 2000. Available

The Role of Beef in the American Diet

40



online at http://www.fmi.org/facts_figs/Nutrition.pdf
21. Food and Drug Administration, The Food Label, FDA

Backgrounder, May 1999, available online at
http://www.cfsan.fda.gov/~dms/fdnewlab.html

22. U.S. Department of Agriculture, Food Safety and Inspection
Service, Nutrition Labeling of Ground or Chopped Meat and
Poultry Products and Single-Ingredient Products; Proposed
Rule, Federal Register 66(12):4969–4999, Jan. 18, 2001. 

23. Putnam J, Gerrior S, Trends in the U.S. food supply,
1970–97, Chapter 7 in Frazao E, Ed., America’s Eating
Habits: Changes and Consequences, U.S. Department of
Agriculture, Economic Research Report, Agriculture
Information Bulletin No. 750, Washington, DC, 1999.
Available online at http://ers.usda.gov/publications/aib750/
aib750g.pdf

24. Davidson MH, Hunninghake D, Maki KC, Kwiterovich PO
Jr, Kafonek S, Comparison of the effects of lean red meat vs.
lean white meat on serum lipid levels among free-living per-
sons with hypercholesterolemia, Archives of Internal
Medicine 1999;159:1331–1338.

25. Hunninghake DB, Maki KC, Kwiterovich PO Jr, Davidson
MH, Dicklin MR, Kafonek SD, Incorporation of lean red
meat into a National Cholesterol Education Program Step I
diet: a long-term, randomized clinical trial in free-living per-
sons with hypercholesterolemia, Journal of the American
College of Nutrition 2000;19:351–360.

26. Scott LW, Dunn LK, Pownall HJ, Brauchi DJ, McMann MC,
Herd JA, Harris KB, Savell JW, Cross HR, Gotto AM Jr,
Effects of beef and chicken consumption on plasma lipid lev-
els in hypercholesterolemic men, Archives of Internal
Medicine 1994;154:1261–1267.

27. Scott L, Kimball K, Wittels EH, et al., Effects of a lean beef
diet and of a chicken and fish diet on lipoprotein profiles,
Nutrition, Metabolism, and Cardiovascular Diseases
1991;1:25–30.

28. Weisman H, A comparison of the effects of eating beef, ver-
sus chicken and fish, as part of a no added fat and no starch

41

The Role of Beef in the American Diet



diet on cholesterol, LDL and weight levels, Diabetes
2000;49:A271.

29. USDA/ARS (U.S. Department of Agriculture, Agricultural
Research Service). 2000. Pyramid Servings Intakes by U.S.
Children and Adults, 1994-1996, 1998. Online. ARS
Community Nutrition Research Group Web site at
http://www.barc.usda.gov/bhnrc/cnrg

30. Grundy SM, Influence of stearic acid on cholesterol metabo-
lism relative to other long-chain fatty acids, American
Journal of Clinical Nutrition 1994;60:986S–990S.

31. Institute of Medicine, Letter Report on Dietary Reference
Intakes for Trans Fatty Acids, National Academy Press,
Washington, DC, 2002.

32. Aro A, Complexity of issue of dietary trans fatty acids,
Lancet 2001;357:732–733.

33. World Cancer Research Fund and American Institute for
Cancer Research, Food, Nutrition and the Prevention of
Cancer: A Global Perspective, WCRF/AICR, Washington,
DC, 1997.

34. Truswell AS, Meat consumption and cancer of the large
bowel, European Journal of Clinical Nutrition
2002;56:S19–S24,

35. Missmer SA, Smith-Warner SA, Spiegelman D, et al., Meat
and dairy food consumption and breast cancer: a pooled
analysis of cohort studies, International Journal of
Epidemiology 2002;31:78–85.

36. American Council on Science and Health, Risk Factors for
Breast Cancer, ACSH, New York, 2000. Available online at
http://www.acsh.org/publications/booklets/risk_factors.pdf

37. American Council on Science and Health, Risk Factors for
Prostate Cancer, ACSH, New York, 2002. Available online at
http://www.acsh.org/publications/booklets/prostate2002.pdf

38. Eisenbrand G, Tang W, Food-borne heterocyclic amines.
Chemistry, formation, occurrence and biological activities. A
literature review, Toxicology 1993;84:1–82.

39. National Cancer Institute, Heterocyclic Amines in Cooked
Meats, fact sheet, 1996. Available online at

The Role of Beef in the American Diet

42



http://cis.nci.nih.gov/fact/3_25.htm
40. Sinha R, Rothman N, Salmon CP, Knize MG, Brown ED,

Swanson CA, Rhodes D, Rossi S, Felton JS, Levander OA,
Heterocyclic amine content in beef cooked by different meth-
ods to varying degrees of doneness and gravy made from
meat drippings, Food and Chemical Toxicology
1998;36:279–287.

41. Knize MG, Sinha R, Rothman N, Brown ED, Salmon CP,
Levander OA, Cunningham PL, Felton JS, Heterocyclic
amine content in fast-food meat products, Food and
Chemical Toxicology 1995;33:545–551.

42. Food and Drug Administration, Center for Veterinary
Medicine, The use of steroid hormones for growth promotion
in food-producing animals, information for consumers, July
2002. Available online at www.fda.gov/cvm/index/con-
sumer/hormones.htm

43. Smith GC, Colorado State University, Meat safety, paper pre-
sented at the Minnesota Dietary Association State
Conference, March 1999 and available online at
www.ansci.colostate.edu/ran/meat/meatsafety.htm

44. U.S. Department of Agriculture, Foreign Agricultural
Service, A primer on beef hormones, February 1999, avail-
able online at www.fas.usda.gov/itp/policy/hormone2.html

45. National Research Council, The Use of Drugs in Food
Animals. Benefits and Risks, National Academy Press,
Washington, D.C., 1999.

46. National Cattlemen’s Beef Association, A Producers Guide to
Judicious Use of Antimicrobials in Cattle, 2001, available
online at www.beef.org/documents//NCBA_JUAG_
August_2001_color.doc

47. Food Safety and Inspection Service, USDA, Focus on Beef
… from Farm to Table, consumer information, June 2002,
available online at http://www.fsis.usda.gov/oa/pubs/focus-
beef.htm

48. Alliance for the Prudent Use of Antibiotics, The need to
improve antimicrobial use in agriculture. Ecological and
human health consequences, Clinical Infectious Diseases

43

The Role of Beef in the American Diet



2002;34(suppl 3):S71–S144.
49. Council for Agricultural Science and Technology (CAST),

Comment on Subtherapeutic Use of Antibiotics in Animal
Agriculture, submitted to the U.S. Food and Drug
Administration, April 1999, available online at
http://www.cast-science.org/9904anti.htm

50. Gorbach SL, Antimicrobial use in animal feed — time to
stop, New England Journal of Medicine 2001;16:1202–1203.

51. Food and Drug Administration, Center for Veterinary
Medicine, Antibiotic (antimicrobial) resistance and animals,
information for consumers, October 2001. Available online at
www.fda.gov/cvm/index/consumer/ar2001.htm

52. Food and Drug Administration, FDA proposes new industry
draft guidance for evaluating the safety of antimicrobial new
animal drugs, talk paper issued September 12, 2002.
Available online at
http://www.fda.gov/bbs/topics/ANSWERS/2002/ANS01162.h
tml

53. Mead PS, Slutsker L, Dietz V, McCaig LF, Breesee JS,
Shapiro C, Griffin PM, Tauxe RV, Food-related illness and
death in the United States, Emerging Infectious Diseases
1999;5:607–625.

54. Centers for Disease Control and Prevention, Escherichia coli
O157:H7, disease information fact sheet, June 2001, avail-
able online at
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/escherichia-
coli_g.htm

55. Centers for Disease Control and Prevention, Escherichia coli
O157:H7, technical information fact sheet, December 2001.
Available online at http://www.cdc.gov/ncidod/dbmd/disease-
info/escherichiacoli_t.htm

56. Food Safety and Inspection Service, USDA, Focus on
Ground Beef, food safety focus fact sheet, September 2001.
Available online at http://www.fsis.usda.gov/OA/pubs/focus-
gb.htm

57. Lyon BG, Berry BW, Soderberg D, Clinch N, Visual color
and doneness indicators and the incidence of premature

The Role of Beef in the American Diet

44



brown color in beef patties cooked to four end point tempera-
tures, Journal of Food Protection 2000;63:1389–1398.

58. Centers for Disease Control and Prevention, Salmonellosis,
disease information fact sheet, June 2001, available online at
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/salmonellosis_g
.htm

59. U.S. Department of Agriculture, USDA data show a reduc-
tion of Salmonella in raw meat and poultry, news release,
April 18, 2002. Available online at
http://www.usda.gov/news/releases/2002/04/0154.htm

60. Centers for Disease Control and Prevention, Preliminary
FoodNet data on the incidence of foodborne illnesses —
selected sites, United States, 2001, Morbidity and Mortality
Weekly Report 2002;51:325–329.

61. Food Safety and Inspection Service, U.S. Department of
Agriculture, Listeriosis and pregnancy: What is your risk?
Safe food handling for a healthy pregnancy. Available online
at http://www.fsis.usda.gov/OA/pubs/lm_tearsheet.htm

62. Hunt MC, Warren KE, Mague MA, Kropf DH, Waldner CL,
Stroda SL, Kastner CL, Cooked ground beef color is unreli-
able indicator of maximum internal temperature, paper pre-
sented to the American Chemical Society, April 6, 1995.

63. Food Safety and Inspection Service, USDA, Color of Cooked
Ground Beef as It Relates to Doneness, technical information
summary, 2000. Available online at
http://www.fsis.usda.gov/OA/pubs/colortech.htm

64. Wood OB, Bruhn CM, Food irradiation — position of ADA,
Journal of the American Dietetic Association
2000;100:246–253.

65. Olson DG, Irradiation of food (a scientific status summary of
the Institute of Food Technologists), Food Technology
1998;52(1):56–62.

66. American Council on Science and Health, Irradiated Foods,
4th ed., New York, ACSH, 1996. Available online at
http://www.acsh.org/publications/booklets/irradiated.pdf

67. Frenzen PD, DeBess EE, Hechemy KE, Kassenborg H,
Kennedy M, McCombs K, McNees A, and the FoodNet

45

The Role of Beef in the American Diet



Working Group, Consumer acceptance of irradiated meat and
poultry in the United States, Journal of Food Protection
2001;64:2020–2026.

68. Food and Drug Administration, BSE: Background, Current
Concerns, and U.S. Response, backgrounder dated March 1,
2001. Available online at http://www.fda.gov/opacom/back-
grounders/bse.html

69. Brown P, Will RG, Bradly R, Asher DM, Detwiler L, Bovine
spongiform encephalopathy and variant Creutzfeldt–Jakob
disease: background, evolution, and current concerns,
Emerging Infectious Diseases 2001;7:6–16.

70. Centers for Disease Control and Prevention, Questions and
answers regarding bovine spongiform encephalopathy (BSE)
and Creutzfeldt–Jakob disease (CJD), fact sheet. Available
online at http://www.cdc.gov/ncidod/diseases/cjd/
bse_cjd_qa.htm

71. Centers for Disease Control and Prevention, New variant
CJD: fact sheet, April 2002, available online at
http://www.cdc.gov/ncidod/diseases/cjd/cjd_fact_sheet.htm

72. Centers for Disease Control and Prevention, Probable variant
Creutzfeldt-Jakob disease in a U.S. Resident – Florida, 2002,
Morbidity and Mortality Weekly Report, 51:927-929, October
18, 2002. Available online at http://www.cdc.gov/mmwr/pre-
view/mmwrhtml/mm5141a3.htm

73. Health Canada, First Canadian Case of Variant
Creutzfeldt–Jakob Disease (Variant CJD), information bul-
letin, August 2002, available online at www.hc-sc.gc.ca/eng-
lish/diseases/cjd/index.html

74. U.S. Department of Agriculture, Government actions to pre-
vent bovine spongiform encephalopathy in the United States,
backgrounder, November 2001.

75. Cohen JT, Duggar K, Gray GM, Kreindel S, Abdelrahman H,
HabteMariam T, Oryang D, Tameru B, Evaluation of the
Potential for Bovine Spongiform Encephalopathy in the
United States, Harvard Center for Risk Analysis, November
2001, available online at
http://www.aphis.usda.gov/oa/bse/mainreporttext.pdf

The Role of Beef in the American Diet

46



76. Food and Drug Administration, Center for Veterinary
Medicine, Ruminant feed (BSE) enforcement activities, July
6, 2001, available online at
http://www.fda.gov/cvm/index/updates/bse72001.htm

77. General Accounting Office, Mad Cow Disease. Improvements
in the Animal Feed Ban and Other Regulatory Areas Would
Strengthen U.S. Prevention Efforts, January 2002. Available
online at http://www.gao.gov/new.items/d02183.pdf

78. U.S. Departments of Agriculture and Health and Human
Services, Administration continues to strengthen BSE protec-
tion systems, news release, February 26, 2002, available
online at h t t p : / / w w w. u s d a . g o v / n e w s / r e l e a s e s / 2 0 0 2 / 0 2 / 0 0 7 0 . h t m

79. McDonald’s corporate Web site, http://www.mcdonalds.com
/corporate/social/marketplace/marketplace.html

80. Centers for Disease Control and Prevention, Bovine spongi-
form encephalopathy and new variant Creutzfeldt–Jakob dis-
ease, from Health Information for International Travel,
2001–2002, updated July 24, 2002, available online at
http://www.cdc.gov/travel/madcow.htm

81. Centers for Disease Control and Prevention, Foot-and-mouth
disease, May 30, 2002, available online at
http://www.cdc.gov/foot_mouth.htm

82. U.S. Department of Agriculture, Foot-and-mouth disease,
undated Web page, http://www.cdc.gov/foot_mouth.htm

83. U.S. Department of Agriculture, Organic food standards and
labels: the facts, undated consumer brochure, available online
at www.ams.usda.gov/nop/consumerbrochure.htm

84. Smith GC, Sofos JN, Aaronson MJ, Morgan JB, Tatum JD,
Schmidt GR, Incidence of pesticide residues and residues of
chemicals specified for testing in U.S. beef by the European
Community, Journal of Muscle Foods 1994;5:271–284.

85. Smith GC, Heaton KL, Sofos JN, Tatum JD, Aaronson MJ,
Clayton RP, Residues of antibiotics, hormones and pesticides
in conventional, natural and organic beef, Journal of Muscle
Foods 1997;8:157–172.

86. French P, Stanton C, Lawless F, O’Riordan EG, Monahan FJ,
Caffrey PJ, Moloney AP, Fatty acid composition, including

47

The Role of Beef in the American Diet



conjugated linoleic acid, of intramuscular fat from steers
offered grazed grass, grass silage, or concentrate-based diets,
Journal of Animal Science 2000;78:2849–2855.

87. Moloney AP, Mooney MT, Kerry JP, Troy DJ, Producing ten-
der and flavoursome beef with enhanced nutritional charac-
teristics, Proceedings of the Nutrition Society
2001;60:221–229.

88. Regenstein J, Department of Food Science, Cornell
University, personal communication, October 25, 2002.

The Role of Beef in the American Diet

48



NOTES



NOTES



Elizabeth M. Whelan, Sc.D., M.P.H.
President

A C S H  B O A R D  O F  D I R E C T O R S

Fredric M. Steinberg, M.D. 
Chairman of the Board, ACSH
Hertfordshire, England

Terry L. Anderson, Ph.D., M.S. 
Political Economy Research Center

Elissa P. Benedek, M.D. 
University of Michigan

Norman E. Borlaug, Ph.D. 
Texas A&M University

Michael B. Bracken, Ph.D., M.P.H. 
Yale University School of Medicine

Christine M. Bruhn, Ph.D.                      
University of California

Taiwo K. Danmola, C.P.A.
Ernst & Young

Thomas R. DeGregori, Ph.D.
University of Houston

Henry I. Miller, M.D.
Hoover Institution

A. Alan Moghissi, Ph.D. 
Institute for Regulatory Science

John H. Moore, Ph.D., M.B.A. 
Grove City College

Albert G. Nickel 
Lyons lavey Nickel swift, inc.

Kenneth M. Prager, M.D.
Columbia College of Physicians and
Surgeons

Stephen S. Sternberg, M.D. 
Memorial Sloan-Kettering Cancer Center

Mark C. Taylor, M.D.
Physicians for a Smoke-Free Canada

Lorraine Thelian 
Ketchum Public Relations

Kimberly M. Thompson, Sc.D. 
Harvard School of Public Health

Elizabeth M. Whelan, Sc.D., M.P.H. 
American Council on Science and Health

Robert J. White, M.D., Ph.D. 
Case Western Reserve University

A C S H  B O A R D  O F  S C I E N T I F I C  A N D  P O L I C Y A D V I S O R S

Ernest L. Abel, Ph.D.
C.S. Mott Center

Julie A. Albrecht, Ph.D.
University of Nebraska, Lincoln

James E. Alcock, Ph.D.
Glendon College, York University

Thomas S. Allems, M.D., M.P.H.
San Francisco, CA

Richard G. Allison, Ph.D.
American Society for Nutritional  
Sciences (FASEB)

John B. Allred, Ph.D.
Ohio State University

Philip R. Alper, M.D.
University of California, San Francisco

Karl E. Anderson, M.D.
University of Texas, Medical Branch

Dennis T. Avery
Hudson Institute

Robert S. Baratz, D.D.S., 
Ph.D., M.D.
International Medical 
Consultation Services

Nigel M. Bark, M.D.
Albert Einstein College of Medicine

Stephen Barrett, M.D.
Allentown, PA

Thomas G. Baumgartner, 
Pharm.D., M.Ed.
University of Florida

Barry L. Beyerstein, Ph.D.
Simon Fraser University

Blaine L. Blad, Ph.D.
Kanosh, UT

Hinrich L. Bohn, Ph.D.
University of Arizona

Ben Bolch, Ph.D.
Rhodes College

Joseph F. Borzelleca, Ph.D.
Medical College of Virginia

Michael K. Botts, Esq.
Zarley Law Firm, P.L.C.

George A. Bray, M.D.
Pennington Biomedical Research 
Center

Ronald W. Brecher, Ph.D., C.Chem.,
DABT
GlobalTox International Consultants, Inc.

Robert L. Brent, M.D., Ph.D.
Alfred I. duPont Hospital for Children

Allan Brett, M.D.
University of South Carolina

Gale A. Buchanan, Ph.D.
University of Georgia

George M. Burditt, J.D.
Bell, Boyd & Lloyd LLC

Edward E. Burns, Ph.D.
Texas A&M University

Francis F. Busta, Ph.D.
University of Minnesota

Elwood F. Caldwell, Ph.D., M.B.A.
University of Minnesota

Zerle L. Carpenter, Ph.D.
Texas A&M University System

C. Jelleff Carr, Ph.D.
Columbia, MD

Robert G. Cassens, Ph.D.
University of Wisconsin, Madison

Ercole L. Cavalieri, D.Sc.
University of Nebraska Medical 
Center

Russell N. A. Cecil, M.D., Ph.D.
Mohawk Valley Orthopedics, NY

James J. Cerda, M.D.
University of Florida

Morris E. Chafetz, M.D.
Health Education Foundation

Bruce M. Chassy, Ph.D.
University of Illinois, Urbana-
Champaign

Dale J. Chodos, M.D.
Kalamazoo, MI

Martha A. Churchill, Esq.
Milan, MI

Emil William Chynn, M.D.
Manhattan Eye, Ear & Throat Hospital

Dean O. Cliver, Ph.D.
University of California, Davis

F. M. Clydesdale, Ph.D.
University of Massachusetts

Donald G. Cochran, Ph.D.
Virginia Polytechnic Institute and 
State University

W. Ronnie Coffman, Ph.D.
Cornell University

Bernard L. Cohen, D.Sc.
University of Pittsburgh

John J. Cohrssen, Esq.
Public Health Policy Advisory Board

Neville Colman, M.D., Ph.D.
St. Luke’s Roosevelt Hospital 
Center

Gerald F. Combs, Jr., Ph.D.
Cornell University

Michael D. Corbett, Ph.D.
Omaha, NE

Morton Corn, Ph.D.
John Hopkins University

Nancy Cotugna, Dr.Ph., R.D., C.D.N.
University of Delaware

Roger A. Coulombe, Jr., Ph.D.
Utah State University

H. Russell Cross, Ph.D.
Future Beef Operations, L.L.C.

Charles R. Curtis, Ph.D.
Ohio State University

Ilene R. Danse, M.D.
Bolinas, CA

Ernst M. Davis, Ph.D.
University of Texas, Houston

Harry G. Day, Sc.D.
Indiana University

Robert M. Devlin, Ph.D.
University of Massachusetts

Seymour Diamond, M.D.
Diamond Headache Clinic

Donald C. Dickson, M.S.E.E.
Gilbert, AZ

John Diebold
The Diebold Institute for Public 
Policy Studies

Ralph Dittman, M.D., M.P.H.
Houston, TX

John E. Dodes, D.D.S.
National Council Against Health Fraud

Sir Richard Doll, M.D., D.Sc., 
D . M .
University of Oxford

John Doull, M.D., Ph.D.
University of Kansas

Theron W. Downes, Ph.D.
Michigan State University

Adam Drewnowski, Ph.D.
University of Washington

Michael A. Dubick, Ph.D.
U.S. Army Institute of Surgical Research

Greg Dubord, M.D., M.P.H.
RAM Institute

Edward R. Duffie, Jr., M.D.
Savannah, GA

David F. Duncan, Dr.Ph.
Brown University

James R. Dunn, Ph.D.
Averill Park, NY

Robert L. DuPont, M.D.
Ins titute for Behavior and Health, Inc.

Henry A. Dymsza, Ph.D.
University of Rhode Island

Michael W. Easley, D.D.S., M.P.H.
State University of New York, Buffalo

J. Gordon Edwards, Ph.D.
San José State University

George E. Ehrlich, M.D., 
F.A.C.P., M.A.C.R., FRCP (Edin)
Philadelphia, PA

Michael P. Elston, M.D., M.S.
Rapid City Regional Hospital

William N. Elwood, Ph.D.
University of Miami School of 
Medicine

James E. Enstrom, Ph.D., M.P.H.
University of California, Los Angeles

Stephen K. Epstein, M.D., 
M.P.P., FACEP
Beth Israel Deaconess Medical Center

Myron E. Essex, D.V.M., Ph.D.
Harvard School of Public Health

Terry D. Etherton, Ph.D.
Pennsylvania State University

William Evans, Ph.D.
University of Alabama

Daniel F. Farkas, Ph.D., M.S., P.E.
Oregon State University

Richard S. Fawcett, Ph.D.
Huxley, IA

John B. Fenger, M.D.
Phoenix, AZ

Owen R. Fennema, Ph.D.
University of Wisconsin, Madison

Frederick L. Ferris, III, M.D.
National Eye Institute

David N. Ferro, Ph.D.
University of Massachusetts

Madelon L. Finkel, Ph.D.
Cornell University Medical College

Jack C. Fisher, M.D.
University of California, San Diego

Kenneth D. Fisher, Ph.D.
Washington, DC

Leonard T. Flynn, Ph.D., M.B.A.
Morganville, NJ

William H. Foege, M.D., M.P.H.
Emory University

Ralph W. Fogleman, D.V.M.
Upper Black Eddy, PA

Christopher H. Foreman, Jr., Ph.D.
University of Maryland

E. M. Foster, Ph.D.
University of Wisconsin, Madison

F. J. Francis, Ph.D.
University of Massachusetts

Glenn W. Froning, Ph.D.
University of Nebraska, Lincoln

Vincent A. Fulginiti, M.D.
University of Colorado 

Arthur Furst, Ph.D., Sc.D.
University of San Francisco

Robert S. Gable, Ed.D., Ph.D., J.D.
Claremont Graduate University

Shayne C. Gad, Ph.D., 
D.A.B.T., A.T.S.
Gad Consulting Services

William G. Gaines, Jr., M.D., M.P.H.
Scott & White Clinic

Charles O. Gallina, Ph.D.
Professional Nuclear Associates

Raymond Gambino, M.D. 
Quest Diagnostics, Inc.

Randy R. Gaugler, Ph.D.
Rutgers University

LaNelle E. Geddes, Ph.D., R.N.
Purdue University

J. Bernard L. Gee, M.D.
Yale University School of Medicine

K. H. Ginzel, M.D.
University of Arkansas for 
Medical Sciences

William Paul Glezen, M.D.
Baylor College of Medicine

Jay A. Gold, M.D., J.D., M.P.H.
Medical College of Wisconsin

Roger E. Gold, Ph.D.
Texas A&M University

Reneé M. Goodrich, Ph.D.
University of Florida

Frederick K. Goodwin, M.D.
The George Washington 
University Medical Center

Timothy N. Gorski, M.D., 
F.A.C.O.G.
Arlington, TX

Ronald E. Gots, M.D., Ph.D.
International Center for 
Toxicology and Medicine

Michael Gough, Ph.D.
Bethedsa, MD

Henry G. Grabowski, Ph.D.
Duke University

James Ian Gray, Ph.D.
Michigan State University

William W. Greaves, M.D., M.S.P.H.
Medical College of Wisconsin

Kenneth Green, D.Env.
Reason Public Policy Institute

Laura C. Green, Ph.D., D.A.B.T.
Cambridge Environmental, Inc.

Saul Green, Ph.D.
Zol Consultants

Richard A. Greenberg, Ph.D.
Hinsdale, IL

Sander Greenland, Dr.P.H., M.S., M.A.
UCLA School of Public Health

A C S H  E X E C U T I V E  S T A F F



Gordon W. Gribble, Ph.D.
Dartmouth College

William Grierson, Ph.D.
University of Florida

Lester Grinspoon, M.D.
Harvard Medical School

F. Peter Guengerich, Ph.D.
Vanderbilt University School of Medicine

Caryl J. Guth, M.D.
Hillsborough, CA

Philip S. Guzelian, M.D.
University of Colorado

Alfred E. Harper, Ph.D.
University of Wisconsin, Madison

Clare M. Hasler, Ph.D.
University of Illinois at Urbana-
Champaign

Robert D. Havener, M.P.A.
Sacramento, CA

Virgil W. Hays, Ph.D.
University of Kentucky

Cheryl G. Healton, Dr.PH.
Columbia University, School of 
Public Health

Clark W. Heath, Jr., M.D.
American Cancer Society

Dwight B. Heath, Ph.D.
Brown University

Robert Heimer, Ph.D.
Yale School of Public Health

Zane R. Helsel, Ph.D.
Rutgers University, Cook College

Donald A. Henderson, M.D., M.P.H.
Johns Hopkins University
James D. Herbert, Ph.D.
MCP Hahnemann University

Gene M. Heyman, Ph.D.
McLean Hospital/Harvard Medical 
School

Richard M. Hoar, Ph.D.
Williamstown, MA

Robert M. Hollingworth, Ph.D.
Michigan State University

Edward S. Horton, M.D.
Joslin Diabetes Center

Joseph H. Hotchkiss, Ph.D.
Cornell University

Steve E. Hrudey, Ph.D.
University of Alberta

Susanne L. Huttner, Ph.D.
University of California, Berkeley

Robert H. Imrie, D.V.M.
Seattle, WA

Lucien R. Jacobs, M.D.
University of California, Los Angeles

Alejandro R. Jadad, M.D., 
D.Phil., F.R.C.P.C.
University of Toronto

Rudolph J. Jaeger, Ph.D.
Environmental Medicine, Inc.

William T. Jarvis, Ph.D.
Loma Linda University

Daland R. Juberg, Ph.D.
Rochester, NY

Michael Kamrin, Ph.D.
Haslett, MI

John B. Kaneene,Ph.D., 
M.P.H., D.V.M.
Michigan State University

Philip G. Keeney, Ph.D.
Pennsylvania State University

John G. Keller, Ph.D. 
Olney, MD

Kathryn E. Kelly, Dr.P.H.
Delta Toxicology

George R. Kerr, M.D.
University of Texas, Houston 

George A. Keyworth II, Ph.D.
Progress and Freedom Foundation

Michael Kirsch, M.D.
Highland Heights, OH

John C. Kirschman, Ph.D.
Emmaus, PA

Ronald E. Kleinman, M.D.
Massachusetts General Hospital

David M. Klurfeld, Ph.D.
Wayne State University

Kathryn M. Kolasa, Ph.D., R.D.
East Carolina University

Alan R. Kristal, Dr.P.H.
Fred Hutchinson Cancer Research 
Center

David Kritchevsky, Ph.D.
The Wistar Institute 

Mitzi R. Krockover, M.D.
Humana, Inc.

Manfred Kroger, Ph.D.
Pennsylvania State University

Laurence J. Kulp, Ph.D.
University of Washington

Sandford F. Kuvin, M.D.
Hebrew University of Jerusalem

Carolyn J. Lackey, Ph.D., R.D.
North Carolina State University

J. Clayburn LaForce, Ph.D.
University of California, Los Angeles

James C. Lamb, IV, Ph.D., J.D.
Blasland, Bouck & Lee, Inc.

Lawrence E. Lamb, M.D.
San Antonio, TX

Lillian Langseth, Dr.P.H.
Lyda Associates, Inc.

Brian A. Larkins, Ph.D.
University of Arizona

Larry Laudan, Ph.D.
National Autonomous University 
of Mexico

Tom B. Leamon, Ph.D.
Liberty Mutual Insurance Company

Jay H. Lehr, Ph.D.
Environmental Education Enterprises, Inc.

Brian C. Lentle, M.D., FRCPC, DMRD
University of British Columbia

Floy Lilley, J.D.
Amelia Island, Fl

Paul J. Lioy, Ph.D.
UMDNJ-Robert Wood Johnson 
Medical School

William M. London, Ed.D., M.P.H.
Fort Lee, NJ

Frank C. Lu, M.D., BCFE
Miami, FL

William M. Lunch, Ph.D.
Oregon State University

Daryl Lund, Ph.D.
University of Wisconsin

George D. Lundberg, M.D.
Medscape

Howard D. Maccabee, Ph.D., M.D.
Radiation Oncology Center

Janet E. Macheledt, M.D., M.S.,
M.P.H.
Houston, TX

Roger P. Maickel, Ph.D. 
Purdue University

Henry G. Manne, J.S.D.
George Mason University Law School

Karl Maramorosch, Ph.D.
Rutgers University, Cook College

Judith A. Marlett, Ph.D., R.D.
University of Wisconsin, Madison

James R. Marshall, Ph.D.
Arizona Cancer Center

Margaret N. Maxey, Ph.D.
University of Texas at Austin

Mary H. McGrath, M.D., M.P.H.
Loyola University Medical Center

Alan G. McHughen, D.Phil.
University of California, Riverside

James D. McKean, D.V.M., J.D.
Iowa State University

John J. McKetta, Ph.D.
University of Texas at Austin

Donald J. McNamara, Ph.D.
Egg Nutrition Center

Patrick J. Michaels, Ph.D.
University of Virginia

Thomas H. Milby, M.D., M.P.H.
Walnut Creek, CA

Joseph M. Miller, M.D., M.P.H.
University of New Hampshire

William J. Miller, Ph.D.
University of Georgia

Dade W. Moeller, Ph.D.
Harvard University

Grace P. Monaco, J.D.
Medical Care Management Corp.

Brian E. Mondell, M.D.
John Hopkins at Green Spring Station

Eric W. Mood, LL.D., M.P.H.
Yale University School of Medicine

John W. Morgan, Dr.P.H.
California Cancer Registr y

W. K. C. Morgan, M.D.
Ontario, Canada

Stephen J. Moss, D.D.S., M.S.
New York University

Ian C. Munro, F.A.T.S., Ph.D., 
FRCPath
Cantox Health Sciences Intern a t i o n a l

Kevin B. Murphy
Merrill Lynch, Pierce, Fenner & Smith

Harris M. Nagler, M.D.
Beth Israel Medical Center

Daniel J. Ncayiyana, M.D.
University of Cape Town

Philip E. Nelson, Ph.D.
Purdue University

Malden C. Nesheim, Ph.D.
Cornell University

Joyce A. Nettleton, D.Sc., R.D.
Aurora, CO

John S. Neuberger, Dr.P.H.
University of Kansas School of Medicine

Gordon W. Newell, Ph.D., 
M.S.,F.-A.T.S.
Palo Alto, CA

Steven P. Novella, M.D.
Yale University School of Medicine

James L. Oblinger, Ph.D.
North Carolina State University

John Patrick O’Grady, M.D.
Tufts University School of Medicine

James E. Oldfield, Ph.D.
Oregon State University

Stanley T. Omaye, Ph.D., F.-
A.T.S., F.ACN, C.N.S.
University of Nevada, Reno

Michael T. Osterholm, Ph.D., M.P.H.
ican, Inc.

M. Alice Ottoboni, Ph.D.
Sparks, NV

Michael W. Pariza, Ph.D.
University of Wisconsin, Madison

Stuart Patton, Ph.D.
Pennsylvania State University

Timothy Dukes Phillips, Ph.D.
Texas A&M University

Mary Frances Picciano, Ph.D.
National Institutes of Health

David R. Pike, Ph.D.
University of Illinois, Urbana-Champaign

Thomas T. Poleman, Ph.D.
Cornell University

Charles Polk, Ph.D.
University of Rhode Island

Charles Poole, M.P.H., Sc.D
University of North Carolina 
School of Public Health

Gary P. Posner, M.D.
Tampa, FL

John J. Powers, Ph.D.
University of Georgia

William D. Powrie, Ph.D.
University of British Columbia

Kary D. Presten
U.S. Trust Company of New York

Marvin P. Pritts, Ph.D.
Cornell University

Daniel J. Raiten, Ph.D.
National Institutes of Health

David W. Ramey, D.V.M.
Ramey Equine

R.T. Ravenholt, M.D., M.P.H.
Population Health Imperatives

Russel J. Reiter, Ph.D.
University of Texas, San Antonio 

William O. Robertson, M.D.
University of Washington School 
of Medicine

J. D. Robinson, M.D.
Georgetown University School of 
Medicine

Bill D. Roebuck, Ph.D., D.A.B.T.
Dartmouth Medical School

David B. Roll, Ph.D.
University of Utah

Dale R. Romsos, Ph.D.
Michigan State University

Steven T. Rosen, M.D.
Northwestern University Medical School

Kenneth J. Rothman, Dr.P.H.
Editor, Epidemiology

Stanley Rothman, Ph.D.
Smith College

Edward C. A. Runge, Ph.D.
Texas A&M University

Stephen H. Safe, D.Phil.
Texas A&M University

Wallace I. Sampson, M.D.
Stanford University School of Medicine

Harold H. Sandstead, M.D.
University of Texas Medical Branch

Herbert P. Sarett, Ph.D.
Sarasota, FL

Lowell D. Satterlee, Ph.D.
Vergas, MN

Marvin J. Schissel, D.D.S.
Roslyn Heights, NY

Lawrence J. Schneiderman, M.D.
University of California, San Diego

Edgar J. Schoen, M.D.
Kaiser Permanente Medical Center

David Schottenfeld, M.D., M.Sc.
University of Michigan

Joel M. Schwartz, M.S.
Reason Public Policy Institute

Patrick J. Shea, Ph.D.
University of Nebraska, Lincoln

Michael B. Shermer, Ph.D.
Skeptic Magazine

Sidney Shindell, M.D., LL.B.
Medical College of Wisconsin

Sarah Short, Ph.D., Ed.D., R.D.
Syracuse University

A. J. Siedler, Ph.D.
University of Illinois, Urbana-Champaign

Lee M. Silver, Ph.D.
Princeton University

Michael S. Simon, M.D., M.P.H.
Barbara Ann Kamonos Cancer Inst.

S. Fred Singer, Ph.D.
Science & Environmental Policy Project

Robert B. Sklaroff, M.D.
Elkins Park, PA

Gary C. Smith, Ph.D.
Colorado State University

Roy F. Spalding, Ph.D.
University of Nebraska, Lincoln

Leonard T. Sperry, M.D., Ph.D.
Barry University

Robert A. Squire, D.V.M., Ph.D.
Baltimore, MD

Ronald T. Stanko, M.D.
University of Pittsburgh Medical Center

James H. Steele, D.V.M., M.P.H.
University of Texas, Houston

Robert D. Steele, Ph.D.
Pennsylvania State University

Judith S. Stern, Sc.D., R.D.
University of California, Davis

C. Joseph Stetler, Esq.
Potomac, MD

Martha Barnes Stone, Ph.D.
Colorado State University

Michael M. Sveda, Ph.D.
Gaithersburg, MD

Glenn Swogger, Jr., M.D.
Menninger Clinic

Sita R. Tatini, Ph.D.  
University of Minnesota

Steve L. Taylor, Ph.D.
University of Nebraska, Lincoln

Dimitrios Trichopoulos, M.D.
Harvard School of Public Health

Murray M. Tuckerman, Ph.D.
Winchendon, MA

Robert P. Upchurch, Ph.D.
University of Arizona

Mark J. Utell, M.D.
University of Rochester Medical Center

Shashi B. Verma, Ph.D.
University of Nebraska, Lincoln

Willard J. Visek, M.D., Ph.D.
University of Illinois College of Medicine

Donald M. Watkin, M.D., 
M.P.H., F.A.C.P.
George Washington University

Miles Weinberger, M.D.
University of Iowa Hospitals and Clinics

Janet S. Weiss, M.D.
University of California at San Francisco

Steven D. Wexner, M.D.
Cleveland Clinic Florida

Joel Elliot White, M.D., F.A.C.R.
John Muir Comprehensive Cancer 
Center

Carol Whitlock, Ph.D., R.D.
Rochester Institute of Technology

Christopher F. Wilkinson, Ph.D.
Burke, VA

Mark L. Willenbring, M.D.
Veterans Affairs Medical Center

Carl K. Winter, Ph.D.
University of California, Davis

Lloyd D. Witter, Ph.D.
University of Illinois, Urbana-
Champaign

James J. Worman, Ph.D.
Rochester Institute of Technology

Russell S. Worrall, O.D.
University of California, Berkeley

Panayiotis M. Zavos, Ph.D., 
Ed.S.
University of Kentucky 

Steven H. Zeisel, M.D., Ph.D.
The University of North Carolina

Ekhard E. Ziegler, M.D.
University of Iowa

A C S H  B O A R D  O F  S C I E N T I F I C  A N D  P O L I C Y A D V I S O R S

The opinions expressed in ACSH publications do not necessarily represent the views of all ACSH Directors and Advisors.
ACSH Directors and Advisors serve without compensation.


