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Preservation of foods
by smaoke, salt, and other
means has been practiced
throughout the history of hu-
Salted,
smoked, and nitrite-preserved

man civilization.
foods are descendants of this
heritage. In the United States
and some other countries,
several modern improve-
ments of the traditional pro-
cesses have been incorpo-
rated. This report examines
cancer risks associated with
consumption of foods pre-
served by these methods.
Concern about the con-

sumption of salt-cured foods
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lated highly with a decline in
the rate of gastric cancer. In
the United States, salt-cured
and pickled foods no longer
are consumed in great quan-
tities because of the wide-
spread use of refrigeration.
These foods have evolved
into forms that are salted to a
lesser degree and depend on
modern refrigeration and
packaging practices for pres-
ervation.

Exposure of foods to
smoke, which began as a tra-
ditional method of preserva-
tion, continues to be used to-
day mainly because of taste

and other organoleptic prop-

is due to high rates of gastric cancer in areas of the world
in which people consume foods preserved with high con-
centrations of salt. It is unclear, however, whether the
carcinogenic-risk is related directly to these foods or to
ather components of the diet. Whatever the mechanism,

it has been shown that refrigeration of foods is corre-

erties. Although wood smoke contains animal carcino-
gens, levels of these compounds in foods processed by
means of traditional methods of smoking are lower than
levels in charcoal broiled feods. In addition, these com-
pounds are characterized as animal carcinogens as a

result of the feeding of experimental doses greatly ex-
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ceeding normal human intake and lifetime feeding regi-
mens. Smoke flavorings now are being used in place of
traditional smoking methads in most of the processed
meat products produced in the United States because the
animal carcinogens known to exist in natural smoke have
been removed from the flavorings. These smoke flavor-
ings have been reviewed extensively for safety and have
been authorized for use by the U.S. Food and Drug Ad-
ministration.

Substantial changes also have taken place in the
use of nitrite in the processing of cured meats, mainly
because of concerns that N-nitroso compounds (NOCs)
are formed by N-nitrosation. Many of these NOCs, par-
ticularly nitrosamines, have tested positive in animal
carcinogenicity experiments. The residual levels of ni-
trites in modern nitrite cured meats have decreased five-
fold over the last two decades. Perhaps more important,
ascorbate or erythorbate has been added and these sub-
stances are known to inhibit the N-nitrosation reaction.

These improvements led the American Cancer
Saciety to state in 1996 that “nitrites in food are not a
significant cause of cancer in Americans.” Recently,
attention to the use of nitrite in cured meats has been
heightened by epidemiologic reports associating cured
meats with childhood cancers. It is important, however,
to recognize the limitations and mixed findings result-
ing from these epidemiologic studies and the very lim-
ited evidence of biological plausibility from animal stud-
ies.

In conclusion, the scientific evidence does not
support restrictions in the consomption of salted,
smoked, or nitrite-preserved foods by the U.S. popula-
tion.

INTRODUCTION

In the last two decades, various authoritative bod-
ies have made a number of human health based recom-
mendations concerning cured meat consumption. In
1981 and 1982, the National Academy of Sciences
{NAS)/National Research Council (NRC} issued reports
summarizing the available scientific evidence concern-
ing nitrite-cured meat and offered implications and rec-
ommendations (National Research Council, 1981,

1982a), Key findings from the first report (Naticnal
Research Council, 1981) were that nitrite itself was not
carcinogenic, but there was some concern about the
potential toxicity and carcinogenicity from certain me-
tabolites that might result from its use. Further research
to assess this risk was recommended, along with the
institution of measures decreasing exposure to nitrite and
its metabolites (but not at the risk of jeopardizing the
ability of nitrite to protect against botulism and food
spoilage).

The follow-up report (National Research Council,
19824) examined aliernatives to the use of nitrite in
foods and made suggestions regarding partial or com-
plete nitrite alternatives, alang with recommendations
about the use of agents for blocking or inhibiting the
formation of nitrosamines. Some of these recommenda-
tions were implemented, and other changes were made
by the cured meat industry; however, an effective re-
placement for the antibotulinal effects of nitrite has not
been found.

At about the time that the NAS/NRC reports were
being published, the NRC issued a separate report en-
titled Dier, Nutrition and Cancer, which included dietary
guidelines for individuals to “minimize consumption of
cured, pickled, and smoked foods” (National Research
Council, 1982b). By 1987, however, the processing
changes in practice by the cured meat industry were
being recognized. As pointed out by the American Can-
cer Saciety (ACS) (1987), “the American food industry
has developed new processes to avoid possible cancer-
causing by-products.” Continued improvements in the
cured meat process have lead the ACS to conclude in
their most recent dietary guidelines (American Cancer
Society, 1996) that “nitrites in foods are not a signifi-
cant cause of cancer among Americans.” In addition, the
NRC (1996) recently published a comprehensive report
entitled Carcinogens and Anticarcinogens in the Human
Diet, in which no mention was made of the carcinogenic
risk associated with cured meat consumption,

The goal of this report hy the Council for Agri-
cultural Science and Technology is to reexamine the
health based science associated with the production and
consumption of cured, pickled, and smoked foods,
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Savr-Curep or Pickeep Foons

Saliing as a means of preserving foods antedates
written history. The Mesopotamians (3000 z.c.) gener-
ally used sait to preserve meat and fish (Bottero, 1985).
Early Roman writers such as Cato (234149 5.c.) clearly
explained the need fo salt perishable meats and veg-

“etables to preserve them. Foods usually were covered
with copious quantities of salt or saturated salt brine, and
the salt was allowed to infuse into the tissue while de-
hydrating the product. This process rapidly eliminated
the microorganisms causing spoilage or food poisoning
and allowed organisms producing lactic acid and other
desirable sensory products to flourish,

Salting, pickling, and drying continued as the pri-
mary means of preserving foods until the twentieth cen-
tury and the advent of mechanical refrigeration. When
refrigeration became the common means of preservation,
consumer taste preferences brought about a decrease in
salt concentrations in food. For example, hams produced
in the first half of the century had salt concentrations of
greater than 6% (Moulton and Lewis, 1948), but today
many ham products have salt concentrations of less than
2%. As recently as 1980, major brands of hot dogs fre-
quently exceeded 2.8% average salt content (Hoar,
1996), Today, because of changing consumer tastes and
dietary concerns, that level has decreased by nearly one-
third.

The preponderance of research linking salt-cured
foods with gastric cancers was based on epidemiologi-
cal studies of populations consuming heavily salted
foods such as dried seafood and pickled vegetables
(Haenzel et al., 1972; Howson et al., 1986; Kim and
Hotchkiss, 1994). These foods traditionally were held
unrefrigerated, none of the foods studied was common
in the modern American diet, and none represented a
food currently consumed in the United States. In con-
trast, a decline in the gastric cancer rate has been asso-
ciated consistently with the increased use of refrigera-
tion (Howsaon et al., 1986). This correlation notwith-
standing, international studies continue to link salt-cured
and pickled foods with gastric cancer. Careful reading
of these research reports reveals that the foods implicated

are consumed by a very low propertion of persons in the

United States.

SmoxeDp Foobs

Smole processing originated at the beginning of
luman civilization as a means of preserving foods. It still
is used, especially in tropical developing countries, to
preserve meat. Smoke imparts attractive and appealing
sensory properties to meats, including color and flavor.
In addition, traditional smoking protects and preserves
the nutritive value of foods (Daun, 1979; Hollenbeclk,
1979},

Concern has been expressed about the presence of
polycyclic aromatic hydrocarbons (PAHs) and nitro-
samines, both known animal carcinogens, in wood
smaoke. These materials have been found in wood smoke
and can be removed by separating the condensate into
an agueous phase and a particulate phase containing the
carcinogenic compounds. The levels of these chemicals
depend on the methods of smoke generation and appli-
cation and the conditiens of smoke curing, e.g., time,
temperature, and moisture. Levels reported in tradition-
ally smoked foods are significantly lower than those
reported in charcoal broiled products (Ruiter, 1979,
Simon et al., 1969; Sink, 1979). Oral administration of
some of these compounds has produced tumors in labo-
ratary animals, but only at doses greatly exceeding nor-
mal human intake and under regimens entailing chronic
administration for the lifetime of the animal.

Most sausages made in the United States are
manufactured in removable, semipermeable casings. If
natural wood smoke is used, only low-molecular-weight
organic acids, carbonyls, and phenols traverse the cas-
ing, thereby favoring and coloring the meat. Carcino-
genic tars do not traverse the casing, seldom contact the
sausage, and are discarded.

Alternatives to traditional smoking methods none-
theless have been sought. Smoke flavorings have
evolved as a successful alternative imparting the color
and flavor of traditional smoking methods.

The use of agueous liquid smoke flavorings has
been increasing in the United States and elsewhere. Lig-
uid smoke flavorings provide the same traits as tradi-
tional smoking, e.g., desirable sensory properties, and
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preservation through antioxidation or bacteriostasis
{Fretheim et al,, 1980). Additional benefits of liquid
smoke include decreased cooking time; increased con-
sistency of product color and flavor; and the absence of
detectable animal carcinogens. Aqueous liquid smoke
flavorings are used in most processed meat products, as
in, for example, 75% of hot dogs produced in the United
States.

Smoke flavorings have been defined as “complex
mixtures of components of condensed smoke derived
from pyrolysis of hardwoods (usually oak, hickory,
beech, alder, and maple) in the absence of or in a lim-
ited amount of air” (Joint FAO/WHO Expert Commit-
tee on Food Additives [JECFA], 1992). Source materi-
als must be free of pesticides, preservatives, and any
extraneous matter that could result in the formation of
potentially hazardeus components of wood smoke. The
specifications published by the JECFA (1992) are rig-
orous, and a limit of not more than 10 micrograms/ki-
logram (10 parts per billion) of benzo{a)pyrene is per-
mitted (the limit of detection sensitivity). It also was
reported by JECFA (1987) that although nitrosamines
were not detected in any of the smoke flavorings tested,
some noncarcinogenic PAHs were.

Smoke flavoring solutions may be applied to meat
products by dipping the meat, e.g., hams or small meat
products, into solutions of smoke flavorings; by show-
ering or spraying in & closed cabinet of the products to
be treated, as with frankfurters; or by atomizing/aero-
solizing the solutions of smoke flavoring in a traditional
smokehouse holding the product, e.g., bacon.

In rodents, acute and subchronic (90-day) feeding
studies at very high levels of liquid smole flavorings
have not produced evidence of toxicity (Joint FAQ/
WHO Expert Committee on Food Additives, 1987). The
weight of available evidence indicates that aqueous lig-
uid smoke flavoring is not mutagenic. Long-term and/
or carcinogenicity studies of aqueous liguid smoke fla-
vorings have not been reported. The risk of a carcino-
genic response is essentially nil because current speci-
fications limit the level of benzo(a)pyrene and because
most casings currently used in meat processing are im-
permeable to the large molecular weight compounds

such as PAHs found in aqueous liguid smoke flavorings.
Epidemiological or other human data have not been re-
ported.

A critical review of the available information on
smoked food products sold in the United States indicates
that these materials are safe and supports their use at
current levels. Available data do not support the alleged
carcinogenicity of these products, The scientific evi-
dence clearly does not support recommendations to limit
the consumption of smoke flavored foods.

NiTrITE-PRESERVED FOODS
Introduction

Nitrite, as used to cure meat, functions as a pre-
servative against Clostriditm botulinum and other spoil-
age bacteria and imparts palatability and appearance
characteristics, namely a specific taste, texture, and pink
color. During the 1970s, concerns arose that cured meats
contained high levels of residual nitrite and preformed
nitrosamines; the former would add to the total body
burden of nitrite, and the latter are known animal car-
cinogens. A decade of research, debate, and technologi-
cal change in the production of cured meat concluded
with the issuance of two reports by the NRC (1981,
1982a). In 1990, Cassens published a complete account
entitled Nitrite-Cured Mear: A Food Safety Issue in
Perspective.

It was established that nitrite is not a carcinogen,
and a surveillance program for volatile nitrosamines in
bacon was put into place by the U.S. Department of
Agricolture. It also is known that green leafy and root
vegetables usually contain high levels of nitrate, which
may be converted to nitrite during digestion, and thereby
expose humans to a much higher level of nitrite than the
small amount of residoal nitrite {usually < 10 parts per
million [ppm]) in modern cured meats. Moreover, en-
dogenous formation of nitrite occurs in humans.

There have been major and important advances in
understanding both the endogenous formation of nitrite
in humans and the metabolism of ingested nitrite and
nitrate. Tracking studies have followed sources of ex-
posure of humans to nitrite and nitrate, and changes have
been made in modern cured meats. The role of N-nitroso
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compounds (NOCs) in cancer has been investigated fur-
ther, and epidemiological approaches likewise have been
undertaken. The following is a summary of this enor-

mous and developing body of scientific literature.

Fate of Ingested Nitrate and Nitrite in Humans

Ingested nitrate, with a half-life of about five
hours, is absorbed rather quickly from the upper gas-
trointestinal tract and subsequently is eliminated in the
urine. Ingested nitrite may react with other substances
in the gastrointestinal tract. If absorbed into the bload,
it is oxidized rapidly to nitrate or may oxidize hemo-
globin to methemoglobin.

A portion of the nitrate in blood is secreted by
salivary glands, and the microbial flora of the oral cav-
ity can reduce it to nitrite. About 25% of blood nitrate
is secreted 1nto saliva, with about 20% of salivary ni-
trate reduced to nitrite. About 5% of ingested nitrate
therefore is converted in the saliva and reconsumed as
nitrite.

Endogenous Formation

Efforts to discover the mechanism of endogenous
formation of nitrate and nitrite have engendered consid-
erable uncertainty and debate. Much early work was
based on balance studies, and because certain microor-
ganisms can generate nitric oxide by reduction of nitrite
or oxidation of ammaonia, some confusion arose concern-
ing bacterial conversions. 1t now is known that the en-
Zyme nitric oxide synthase catalyzes the oxidation of the
amino acid L-arginine to nitric oxide and I-citrulline
(Culotta and Koshland, 1992) and that the nitric oxide
can be converted to nitrite and nitrate and excreted sub-
sequently (Leaf, 1989).

It has been discovered that nitric oxide generuted
in mammalian cells serves the important role of biologi-
cal messenger in such important physiological functions
as neurotransmission, blood clotting, blood pressure
control, and immunity.

Additionally, when nitrite is acidified in the stom-
ach, it has antimicrobial activity that coincides with the
formation of nitric oxide, Dylkhuizen et al. (1996) con-
cluded that the generation of salivary nitrite from dietary

nitrate may provide significant protection against gut
pathogens in humans.

Although nitric oxide has a necessary and positive
function, from another perspective it is a risk inasmuch
as nitrite may react with amines in the body to form
nitrosamines, some of which are animal carcinogens
under experimental conditions. (See section “Role of N-

Nitroso Compounds,” below.)

Exogenous Sources of Nitrite and Nitrate

Schuddeboom (1993) concluded that human ex-
posure to nitrite from intake of cured foods was low. He
also presented evidence that, when conversion from ni-
trate is taken into account, nitrite intake from vegetables
exceeds that from cured meat. Nevertheless, the benefits
of vegetable consumption outweigh concerns about their
contribution to nitrite intake.

Several other countries monitor their foods for
nitrate, nitrite, and NOCs and have reached the same
conclusion, namely, that nitrite and NOCs in the diet
represent a relatively small contribution to the total body
burden of these compounds (see Cassens, 1995 for re-
view).

Role of N-Nitroso Compounds

Nitrite is a reactive chemical and therefore, in
addition to reacting with myoglobin, a process result-
ing in the distinctive characteristics of cured meat, it also
can react with other substances found in meat, e.g.,
amines, amides, amino acids, and related compounds.
In so doing, nitrite forms NOCs by a process called V-
nitrosation. Many of the NOCs investigated, which in-
clude nitrosamines or nitrosamides, have tested positive
in laboratory animal carcinogenicity experiments. Hu-
man stomach cancer risk associated with NOCs and
other dietary factors has been reviewed (Nomura, 1996).

It should be realized that the characterization of
NOCs, and nitrosamines in particular, as animal carcino-
gens is based on unrealistic homan conditions such as
experiments in which dosage far exceeds that to which
humans are exposed, continuous lifetime exposure, and
other worst-case assumptions. Certainly, some nitro-

samines pose a potential carcinogenic risk to humans.
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(See Mirvish, 19935 for a discussion of the role that NOCs
and N-nitrosation have in the etiology of human cancer.)
Efforts to decrease exposure to them should be instituted,
as should efforts to decrease conditions conducive to
their in vivo formation. To this end, the level of nitrite
in cured meats has been decreased fivefold over the Iast
20 years (yr), and most cured meats produced in the
United States contain ascorbates (Cassens, 1997), which
are effective inhibitors of the nitrosation reaction
(Mirvish et al., 1993).

Nitrite-Cured Meat
White (1975) calculated that cured meat manufac-
tured in the United States contained on average 52.5 ppm
of residual nitrite. Data used included nitrite values of
0 to 272 ppm. Cassens (1997) sampled bacon, bologna,
- sliced ham, and weiners at retail and found an average
residual nitrite level of 10 ppm; residual nitrate was
nondetectable and residual ascorbate was 200 ppm.
Because of changing technologies and decreased levels
of ingoing nitrite, the residual nitrite content of modern
cured meats is about one-fifth of that typically found 20
yr ago. Overall, the dietary intake of nitrite from cured
meats constitutes only a minor source of the total expo-
sure. None-the-less, if the total dietary intake of nitrites
is too high, even minor sources must be scrutinized.

Epidemiology

In 1982, maternal consumption of nitrite-cured
meats was reported as being potentially related to brain
cancer in a group of children in Los Angeles, Califor-
nia (Preston-Martin et al., 1982). Several subsequent
studies also have reported higher risks of childhood can-
cer associated with maternal or childhood consumption
of cured meats, although the findings have been mixed
{Bunin et al., 1993, 1994, Cordier et al., 1994; Filippini
et al., 1990; Howe et al., 1989; Kuijten et al., 1990;
McCredie et al., 1994a, 1994h; Peters et al., 1994
Preston-Martin et al., 1982; Preston-Martin et al., 1996;
Sarasua and Savitz, 1994; Schymura et al., 1996; and
Wilkins et al., 1993).

Among the epidemiologic studies reporting asso-

ciations between childhood cancers and consumption of

specific types of cured meat, relationships have not been
consistent for the various types of cured meats (e.g., hot
dogs, bacon, and lunch meat) (Bunin et al., 1993, 1994;
Peters et al., 1994; Preston-Martin et al., 1982; Preston-
Martin et al., 1996; Sarasua and Savitz, 1994).

Moreover, there are major limitations in all stud-
ies to date on cured meats and childhood cancers. The
first major limitation is that all studies of cured meats
and childhood cancers have been case-control studies
and therefore have been susceptible to recall bias. Af-
ter the child was diagnosed with cancer, parents or chil-
dren were asked to recall consumption of cured meats,
Recall bias can occur because parents of children who
have cancer may remember their consumption or their
children’s consumption of certain foods differently due
to the stimulus of experiencing cancer. Only a prospec-
tive cohort study could eliminate this potentially seri-
ous bias in the recollection of dietary exposures,

The second major limitation is that individuals
who eat hot dogs have other differences in their diets
and lifestyles (Kahn et al., 1996). Potential confound-
ing factors have not been thoroughly investigated in the
studies published to date on cured meats, in part due to
difficulties in collecting data on a large number of ex-
posures. For example, most, if not all, studies to date do
not account for differences in dietary intakes of fat,
folate, and fruits and vegetables among individuals wha
do eat cured meats and those who do not. It is inappro-
priate to link nitrite-cured meats causally with childhood
cancers, for there are serious limitations and mixed find-
ings in the epidemiologic studies. Animal studies pro-
vide only very limited evidence of biclogical plausabil-
ity for such a link,
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