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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 protein. 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 poultry 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. government’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 probably 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 substances, 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 practice, like other uses of antibiotics, may contribute to the development
of antibiotic resistant bacteria. The extent to which the use of antibiotics 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 handling 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 determine 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 enhancing 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 conventionally raised (grain-finished) beef in that its fatty acid profile is more
desirable. However, the impact of this small difference on consumers’ overall diets is uncertain, and grass-fed beef does not offer
any special advantages in terms of safety.
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II. Introduction
Beef is America’s most popular meat (see Figure 1). Per capita consumption of beef in the U.S. is about 65 pounds per year (1).*
Figure 1. What kinds of meat and poultry do

Americans eat?

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 saturated fat and cholesterol content. Others may be concerned about substances 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.
* Numbers
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III. Positive Contributions of Beef to the Diet
Minerals
Red meats — especially beef — are richer in some nutrients, particularly 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 worldwide, 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 mineral. The zinc in beef and other foods of animal origin is more bioavailable 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; insufficient intakes can lead to iron-deficiency anemia and to impaired cognitive development in infants and young children. Adolescent girls and
women of childbearing age have a greater need for iron than other people 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 children age 5 and younger (both sexes), 60% of adolescent girls (ages
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Table 1. Zinc Content of Beef and other Animal

Protein Foods
Food
Beef, top sirloin steak
Ground beef, 95% lean/5%fat
Pork, top loin chop
Lamb, leg
Veal, loin
Chicken breast, skinless
Chicken thigh, skinless
Turkey breast, skinless
Tuna
Salmon
Eggs (2 large)
*3

Zinc Content per Serving *
Milligrams
% of Daily Value
5.5
37
5.5
37
2.0
13
3.2
22
2.7
18
0.9
6
2.2
15
1.5
10
0.6
4
0.4
3
1.1
7

ounces unless otherwise specified

Data from reference 7.
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 children, 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 readily 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
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Table 2. Iron Content of Beef and other Animal

Protein Foods
Food
Beef, top sirloin steak
Ground beef, 95% lean/5%fat
Pork, top loin chop
Lamb, leg
Veal, loin
Chicken breast, skinless
Chicken thigh, skinless
Turkey breast, skinless
Tuna
Salmon
Eggs (2 large)
*3

Iron Content per Serving *
Milligrams
% of Daily Value
2.9
16
2.4
13
0.7
4
2.7
15
0.7
4
0.9
5
1.1
6
1.3
7
0.8
4
0.3
2
1.2
7

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 necessary. 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 experiments, various forms of conjugated linoleic acid have been associated
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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 poultry 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 threeounce 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.
* In

September 2002, the National Academy of Sciences (NAS) committee that establishes dietary reference intakes for the U.S. released a new report that made no quantitative recommendations on saturated fat and cholesterol intake but instead called for
keeping consumption of these two food components as low as possible while maintaining 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 incorporated 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
(per 3 oz.
serving)
Grams Percent
of Daily
Value
Beef eye round
4.2
6
Beef bottom round 6.3
10
Beef top sirloin
steak
6.1
9
Beef tenderloin
steak
8.1
12
Ground beef, 95%
lean
5.0
7
Pork top loin chop 6.6
10
Pork tenderloin
4.1
6
Lamb leg
6.6
10
Chicken breast,
skinless
3.0
5
Chicken thigh,
skinless
9.2
14
Turkey breast,
skinless
0.6
1
Turkey, light and
dark meat, skinless 2.2
3
*

Saturated Fat
(per 3 oz.
serving)
Grams Percent
of Daily
Value
1.5
8
2.1
11

Cholesterol
(per 3 oz.
serving)
Milli- Percent
grams of Daily
Value
59
20
66
22

2.4

12

76

25

3.0

16

71

24

2.2
2.3
1.4
2.3

11
12
7
12

65
68
67
76

22
23
22
25

0.9

5

72

24

2.6

13

81

27

0.2

1

61

20

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 listed here. Data from reference 7.
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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 saturated fat and cholesterol, and a person who eats these foods in excessive
quantities could exceed the maximum intake levels of these food components 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 comparison of the Pyramid recommendations with national dietary survey
findings from 1994–98 indicated that men eat an average of 6.7 ounces
* 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 different
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 percentages refer to the percent of fat or lean by weight, not the percent of calories.
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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 vegetable sources include both types of fatty acids, in different proportions.
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 consists of stearic acid, which neither raises nor lowers cholesterol (30).
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Thus, of the total fatty acids in beef, only about one-third are cholesterol-raising fatty acids.
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 unusual 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 cholesterol 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 hydrogenated vegetable fats such as margarine, shortening, and foods that
contain them. The trans fatty acids are produced during the hydrogenation process that transforms liquid oils into solid fats. Trans fatty acids
are also produced naturally by ruminant animals and therefore are present in foods derived from those animals, including beef, lamb, and dairy
products. However, unlike the trans fatty acids in hydrogenated vegetable 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.
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Table 4. Examples of trans fatty acid contents of

foods
Food

Milk, whole
Ground beef, 79% lean/21% fat
White bread, commercially baked
Doughnuts, cake-type
Crackers, snack-type
Chocolate chip cookies
French fries, fast-food
Potato chips
Margarine, stick
*

Trans Fatty Acid Content *
Grams per 100 % of Total Fat
Grams of Food
0.07–0.1
2.7–3.4
0.7
4.5
0.1–1.4
9.2–25.5
0.5–6.9
3.8–29.2
5.9–8.4
25.2–39.7
4.0–9.0
18.7–36.2
1.2–5.2
11.3–34.1
0–10.6
0–29.7
13.0–25.1
20.1–31.9

The values in this table were compiled by the U.S. Department of Agriculture (reference 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.

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 hydrogenated 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 eating 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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Inconsistent Findings
In 1997, the World Cancer Research Fund published a comprehensive review of the scientific evidence on diet and cancer, which ranked
various links between specific foods and cancer as “convincing,” “probable,” 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 associated meat intake with increased risk; thus, the weight of evidence pertaining 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 mutagens, heterocyclic amines can cause cancer when fed to laboratory animals in very high doses (38).
Heterocyclic amines are formed when components of proteins react
with another substance, called creatine, when subjected to intense heating. This reaction is almost entirely limited to muscle foods (meats)
because most other foods do not contain creatine. Heterocyclic amines
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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 produced during pan-frying, broiling, or grilling than during stewing, boiling, or poaching (39). Roasting generates heterocyclic amines, but practically all of them end up in the drippings rather than the meat (40).
Although fast food meats, including hamburgers and chicken, are usually 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 carcinogenic 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 animals in very high doses. Most of these substances are naturally occurring food components, others are synthetic, and still others are produced
by cooking. Many common foods contain these substances. For example, 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 anticarcinogenic substances.
Obviously, it would be unrealistic to attempt to remove all traces of
carcinogens from the food supply. Current scientific knowledge indicates that these substances pose little or no risk when consumed in the
trace amounts found in food. The kind of “zero tolerance” philosophy
that’s appropriate for proven human cancer-causing agents with no
health benefits, such as cigarettes, is inappropriate for foods that happen to contain tiny amounts of naturally occurring or synthetic carcinogens.
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
* For

additional examples of foods that contain carcinogens and a more complete explanation of the science pertaining to this topic, see ACSH’s Holiday Dinner Menu, available online at http://www.acsh.org/publications/booklets/menu99.html
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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 heterocyclic 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.

microbiological safety. Foods of animal origin must be cooked adequately 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 associated 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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Concerns have been raised about two classes of products used in
food animal production — hormones and antibiotics. The following sections 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 treated 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) contains 1.9 nanograms of estrogen; the same amount of meat from an
untreated animal would contain 1.2 nanograms. A nanogram is one billionth of a gram. Although the meat from the treated animal does contain 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
woman’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 naturally 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 manufacturers 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). Antibiotics 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 preventive 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 developed guidelines based on the principle that antibiotic use should be limited 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 addition, antibiotics have played a major role in making modern animal
agriculture possible. Many experts say that the move toward more intensive 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 antibiotics are being used and on the connections between patterns of antibiotic use and the development of antibiotic resistance. Better monitoring
and more research are needed. All experts agree, however, that antibiotics should be used judiciously, and only when truly necessary.
The Food and Drug Administration, which regulates the use of animal 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 microorganisms 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 complication 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 ordinary inspection procedures at the slaughterhouse, which are designed to
identify signs of disease in the carcasses. If an animal carries the bacterium, 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, unpasteurized 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 microorganisms 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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Table 6. How to protect against E. coli O157:H7*
• Cook ground beef thoroughly, to 160°F or higher, and verify the temperature with a food thermometer.
• Take precautions while shopping and in your kitchen to prevent bacteria 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 diapers 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.

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 organism 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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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 discussed 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 personto-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 contamination of raw meat and poultry (59) and the number of cases of illness caused by this organism (60) have decreased substantially since the
mid-1990s. These decreases are believed to be linked to the implementation 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, elderly 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 precautions 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 keeping 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, handling, 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 contamination 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. *
* For

more information on this topic, see the ACSH report Eating Safely: Avoiding
Foodborne Illness, available online at http://www.acsh.org/publications/booklets/eatsaf.pdf.
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Table 7. Four principles of food safety*
Clean
•
•

•

Wash your hands before you handle food or food utensils and frequently 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 cannot 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 platter that you used to carry raw meat to the grill should be washed
before being used to serve the cooked meat.

Cook
•

•

*
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Cook foods to a safe temperature. For beef, the minimum safe temperatures 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.
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Table 7. Four principles of food safety (continued)
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 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 mediumrare, 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 mediumrare 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 necessary 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 differences in hamburger color depend on many factors including length of
storage of the meat before cooking, contact with air, the amount of pigment in the meat, and the meat’s fat content (63).
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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 available, 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 thermometer 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.
Figure 4. Proper use of meat thermometer on

hamburgers

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

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
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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 quality will deteriorate over time. The recommended maximum frozen storage times for beef and other foods are based on quality rather than safety 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
/OA/pubs/freezing.htm and http://www.fsis.usda.gov/oa/pubs/focusbeef.htm.

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 particularly 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 understood because the same process has been used for many years to sterilize medical equipment and consumer products such as contact lens solutions. 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
* For

more information on food irradiation, see the ACSH report Irradiated Foods, available online at http://www.acsh.org/publications/booklets/irradiated.pdf.
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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 cattle 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 contract 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 present 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 mid1980s. 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 imposition 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 minimize 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 consequences of the introduction of BSE into the U.S. by various means.
On the basis of mathematical simulations, the Harvard researchers concluded 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 inadequate recordkeeping have been reported (76, 77). The federal government 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 http://www.cdc.gov/travel/
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) avoiding 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 harbor 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 foreign countries so that appropriate precautions can be taken to minimize
the risk of bringing the virus into the country (82). Although these precautions may not be convenient, they are extremely important.
Importation of foot and mouth disease into the U.S. could have devastating effects on American livestock and wildlife.

SPECIALTY BEEF PRODUCTS
Some beef producers market beef that is labeled “natural,” “organic,” 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 nutrition 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 definition. As of October 2002, the U.S. Department of Agriculture has established standards that food labeled “organic” must meet (83). In a booklet for consumers, the USDA explains the meaning of organic as follows:
Organic meat, poultry, eggs, and dairy products come from animals 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 samples 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 “grassfed” beef. Grass-fed beef comes from animals that were grazed in pastures 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 production, grass-fed beef does differ somewhat in composition from conventional 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 demonstrating that organic or grass-fed beef is necessarily free from bacterial contamination. Consumers should handle and prepare all types of beef carefully, always cooking them to the recommended temperatures and taking 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 necessarily 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 religious dietary laws do not require it) to cook all meats thoroughly.
* Similarly,

some web sites suggest that it is safe to drink unpasteurized milk from organically 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.
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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 foodborne 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).
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