@ Scientific Status Summary

Food Allergies and
Other Food Sensitivities

A publication of the Institute of Food Technologists’
Expert Panel on Food Safety and Nutrition

Steve L. Taylor, Ph.D. and Susan L. Hefle, Ph.D.

enturies ago, Lucretius said that one man’s food may be

another man’s poison. Such is the case with food allergies.

Individuals with food allergies and other types of food
sensitivities react adversely to the ingestion of foods and food ingredi-

ents that most consumers can ingest with no problems.

Eating is necessary to sustain life. For most consumers, eating is an en-
joyable experience given the variety and abundance of foods available in
the marketplace. For some individuals, however, consuming certain foods
can be a debilitating, possibly even life-threatening, experience. Individu-
als with various forms of food allergies and sensitivities must avoid certain
foods or food ingredients in their diets. For such people, the joy of eating
is diminished by the ever-present concern that they might consume a food
or food ingredient that will elicit an adverse reaction. For them, food se-
lection can become a tedious task requiring the painstaking reading of in-
gredient lists on the labels of packaged foods and a ceaseless search for
more knowledge about food composition. Food preparation requires care-
ful attention to details such as “cooking from scratch,” seeking alternative
recipes for many dishes, and avoidance of shared utensils, containers, and
cooking surfaces between allergenic and non-allergenic foods. In situa-
tions where one family member has a very serious allergic sensitivity, the
entire family often has to avoid the offending food as a precautionary
measure.

Definitions

Food allergies and other food sensitivities are individualistic adverse re-
actions to foods (Taylor, 1987). These food-related illnesses are individual-
istic because they affect only a few people in the population; most con-
sumers can eat the same foods with no ill effects. Many different types of
reactions are involved in these individualistic adverse reactions to foods
(Fig. 1; Anderson, 1996; Taylor, 1987). Adverse food reactions can include
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verse reactions to foods.

True Food Allergies. True food aller-
gies are abnormal (heightened) respons-
es of the immune system to components
of certain foods (Lemke and Taylor,
1994). The components of foods that
elicit these abnormal immune responses
are typically naturally-occurring pro-
teins in the foods (Bush and Hefle,
1996). True food allergies can be divided
into two categories based upon the na-
ture of the immune response—immedi-
ate hypersensitivity reactions and de-
layed hypersensitivity reactions (Lemke
and Taylor, 1994). In immediate hyper-
sensitivity reactions, symptoms begin to
develop within minutes to an hour or so
after ingestion of the offending food.
Immediate hypersensitivity reactions
have been noted with many foods and
can sometimes be quite severe (Hefle et
al., 1996). Immediate hypersensitivity
reactions involve abnormal responses of
the humoral immune system with the
formation of allergen-specific immuno-
globulin E (IgE) antibodies (Mekori,
1996). In delayed hypersensitivity reac-
tions, symptoms do not begin to appear
until 24 hours or longer after the inges-

tion of the offending food (Lemke and
Taylor, 1994). With the exception of ce-
liac disease, which involves an abnormal
immunological response to wheat and
related grains (Ferguson, 1997), the role
of delayed hypersensitivity reactions to
foods remains poorly defined. Delayed
hypersensitivity reactions involve abnor-
mal responses of the cellular immune
system with the development of sensi-
tized T cells (Lemke and Taylor, 1994).
Allergy-Like Intoxications. Certain
foods can elicit adverse reactions that
resemble true food allergies. These
foods contain elevated levels of hista-
mine, one of the principal mediators of
allergic reactions in the body (Taylor et
al., 1989a). In true food allergies and
anaphylactoid reactions, however, hista-
mine is released from intracellular loca-
tions (Mekori, 1996). In these allergy-
like intoxications, histamine is ingested
with foods. Histamine poisoning is of-
ten known as scombroid fish poisoning
because it is frequently associated with
consumption of spoiled fish of the
scombroid type such as tuna and mack-
erel (Taylor et al., 1989a). However, his-
tamine poisoning can also occur from

the ingestion of spoiled fish such as
mahi-mahi and bluefish that are not
scombroid fishes (Etkind et al., 1987;
Taylor et al., 1989a). And, histamine
poisoning has even been occasionally as-
sociated with the ingestion of cheese, es-
pecially aged Swiss cheese (Stratton et
al., 1991; Taylor et al., 1982). In all of
these food products, specific types of
bacteria have proliferated and caused
the conversion of the amino acid, histi-
dine, into histamine (Stratton and Tay-
lor, 1991; Sumner et al., 1985; Taylor et
al., 1978). Ingestion of small amounts of
histamine in the diet is a normal occur-
rence and does not cause any harm.
However, when large doses of histamine
are ingested with foods, the body’s pro-
tective mechanisms can be overwhelmed
resulting in histamine poisoning (Tay-
lor, 1986). Unlike food allergies and sen-
sitivities, all consumers are susceptible
to histamine poisoning. Because this ill-
ness is not truly a form of food allergy
or sensitivity, it will not be discussed
further. It does merit some mention be-
cause the similarity in symptoms can
cause it to be confused with true food
allergy.

Food Intolerances. Food
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intolerances are abnormal
reactions to foods or food
components that do not in-
volve the immune system.
Several different types of
food intolerances are also
known to exist. These intol-
erances are metabolic food
disorders, anaphylactoid re-
actions, and idiosyncratic re-
actions (Taylor, 1987). Meta-
bolic food disorders are ad-
verse reactions to a food or
food component that results
from a defect in the metabo-
lism of these foods or some
substance therein or from an
affect of the food or food
component on the body’s
normal metabolic processes.
Lactose intolerance is an ex-
ample of a metabolic food
disorder resulting from a de-
fect in the metabolism of a
food component (Kocian,
1988). Favism is an example
of a metabolic food disorder
resulting from foodborne
substances that interfere with
normal metabolic processes
(Mager et al., 1980). Anaphy-

Fig. 1—Relationships between the various types of food sensitivities. Adapted from IFT, 1985.
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reactions resulting from the ingestion of
foodborne substances that release hista-
mine from cellular stores within the
body (Taylor, 1987). There are no par-
ticularly good examples of anaphylac-
toid reactions, although circumstantial
evidence suggests that such reactions
may occur. Food idiosyncrasies are ad-
verse reactions to foods or food compo-
nents that occur through unknown
mechanisms and which can even include
psychosomatic illnesses (Taylor, 1987).
Sulfite-induced asthma is the best exam-
ple of an idiosyncratic reaction that has
been well documented to occur among
certain consumers, although the mecha-
nism remains unknown (Bush and Tay-
lor, 1998).

Secondary Food Sensitivities. Ad-
verse reactions to foods or food compo-
nents can occur with or after the effects
of other conditions. Examples of such
reactions, termed secondary food sensi-
tivities, include lactose intolerance sec-
ondary to gastrointestinal disorders
such as Crohn’s disease or ulcerative
colitis (Metcalfe, 1984a) and drug-in-
duced sensitivities such as the increased
sensitivity to tyramine among patients
on monoamine oxidase-inhibiting drugs
(Blackwell and Marley, 1969).

IgE-Mediated Food Allergies
This type of food allergy can also be
called immediate hypersensitivity, Type
I allergy, or food anaphylaxis. The Greek
word, anaphylaxis, means “against pro-
tection” and refers to allergic reactions
to foreign protein molecules. IgE is one
of five classes of antibodies that are
present in the human body and that
play a role in disease resistance. IgE anti-
bodies are particularly involved in fight-
ing off parasitic infections. Although all
humans have low levels of IgE antibod-
ies, only individuals predisposed to the
development of allergies produce IgE
antibodies that are specific for and rec-
ognize certain environmental antigens.
These antigens are typically proteins, al-
though only a few of the many proteins
in nature are capable of stimulating the
production of specific IgE antibodies in
susceptible individuals (Taylor, 1996).
The allergens eliciting IgE antibody for-
mation can be found in pollens, mold
spores, bee venoms, dust mites, and ani-
mal danders in addition to foods (So-
lomon and Platts-Mills, 1998).
Pathogenesis. The mechanism of
IgE-mediated allergic reactions is de-
picted in Fig. 2. First, sensitization by
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the allergen must occur. In the sensitiza-
tion phase of the response, the allergen
stimulates production of specific IgE
antibodies. While sensitization can oc-
cur with the first exposure to the aller-
gen, that is not always the case. With re-
spect to food allergens, sensitization
does occur most commonly among
young infants where the immune re-
sponse seems to be more likely to be ori-
ented toward an IgE response (Ander-
son, 1996). However, even in susceptible
infants exposure to most dietary pro-
teins results in oral tolerance, a normal
immunologic response that is not asso-
ciated with adverse reactions, rather
than sensitization (Strobel, 1997). The
specific IgE antibodies then attach to
mast cells in various tissues and baso-
phils in the blood. Mast cells and baso-
phils contain granules that are loaded
with physiologically active chemicals
that mediate the allergic response
(Church et al., 1998). On subsequent ex-
posure to the allergenic substance, the
allergen cross-links two IgE antibodies
on the surface of the mast cell or baso-
phil membrane, stimulating the release
into tissues and blood of a host of aller-
gic response mediators. Although many
mediators have been described, hista-
mine is one of the primary mediators

responsible for many of the immediate
symptoms that occur in IgE-mediated
allergic reactions (Simons, 1998). Other
important mediators include the vari-
ous leukotrienes and prostaglandins,
some of which are associated with more
delayed symptoms that can occur in
IgE-mediated, immediate hypersensitiv-
ity reactions, the so-called late-phase re-
sponses (Peters et al., 1998).

Symptoms. IgE-mediated food aller-
gies are associated with a wide variety of
symptoms, ranging from mild and an-
noying to severe and life-threatening
(Lemke and Taylor, 1994). The symp-
toms can involve the gastrointestinal
tract, skin, or respiratory tract (Table 1).
Food-allergic individuals usually suffer
from only a few of the many possible
symptoms. The nature and severity of
the symptoms experienced by a food-al-
lergic individual may also vary from one
episode to the next depending on the
dose of the offending food that has been
inadvertently ingested, the degree of
sensitization to the offending food at the
time of the episode, and probably other
factors. Because foods are ingested, gas-
trointestinal symptoms are often en-
countered (Anderson, 1996; Gryboski,
1991). However, these symptoms can
also be involved in other illnesses so
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Fig. 2—Mechanism of IgE-mediated allergic reaction. Allergen is consumed, sensitizing the individual.
Sensitization results in production of allergen-specific IgE-antibodies which then attach to receptors on mast
cells and basophils. Upon subsequent exposure to the allergenic substance, the allergen cross-links two
antibodies on the surface of the mast cell or basophil membrane, stimulating release into tissues and blood
of chemical mediators of the allergic response. Adapted from Taylor et al., 1999.
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Table 1—Symptoms of
IgE-Mediated Food Allergies

Gastrointestinal symptoms

Nausea
Vomiting
Diarrhea
Abdominal pain
Colic

Cutaneous symptoms

Urticaria

Eczema or atopic dermatitis
Angioedema

Pruritis

Respiratory symptoms

Rhinitis
Asthma

Other symptoms

Laryngeal edema
Anaphylactic shock
Hypotension

their association with food allergies is
often difficult to decipher. Cutaneous
symptoms such as urticaria (hives) and
dermatitis (eczema) are also common
manifestations of food allergies (Kaplan,
1998). These symptoms are more defini-
tive for food allergy, although the fre-
quency of dermatitis as a manifestation
of food allergy especially, in infants, has
only been widely appreciated in the past
decade or so (Sampson, 1988). Respira-
tory symptoms are less commonly asso-
ciated with food allergies than with en-
vironmental allergies such as pollen or
animal dander allergies (Taylor et al.,
1999). With environmental allergies, the
allergens are inhaled, so the primary in-
volvement of respiratory symptoms is
understandable. However, ingested food
allergens must survive digestive process-
es and be absorbed to elicit systemic re-
actions in the respiratory tract. Al-
though few asthmatic individuals expe-
rience food-induced asthma, asthma is
among the most severe symptoms asso-
ciated with food allergies (Bousquet and
Michel, 1988). Food-induced asthma is
a risk factor for severe, life-threatening
reactions to the offending foods (Samp-
son etal., 1992).

Oral allergy syndrome is perhaps the
most common manifestation of food al-
lergy (Ortolani et al., 1988). Oral allergy
syndrome is often so mild that it is ig-
nored by afflicted individuals. Oral al-
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lergy syndrome involves symptoms con-
fined to the oropharyngeal area includ-
ing hives, itching, and swelling (Pas-
torello and Ortolani, 1997). Fresh fruits
and vegetables are the foods most fre-
quently associated with oral allergy syn-
drome (Pastorello and Ortolani, 1997).
Individuals with oral allergy syndrome
are usually sensitized to one or more
pollens, and react to proteins in specific
fresh fruits and vegetables that cross-re-
act with the pollen allergens (Calkoven
etal., 1987; Ebner et al., 1995; van Ree
and Aalberse, 1993). Examples would
include allergic reactions to watermel-
ons and other melons in ragweed-aller-
gic individuals (Enberg et al., 1987), al-
lergic reactions to celery in mugwort-al-
lergic or birch-sensitized individuals
(Ballmer-Weber et al., 2000; Wuthrich et
al., 1990), and allergic reactions to ap-
ples and hazelnuts in birch-allergic indi-
viduals (Dreborg, 1988). Because the al-
lergens in these foods are inactivated on
contact with stomach acid and digestive
proteases, systemic reactions to these
fresh fruits and vegetables are rarely en-
countered (Taylor and Lehrer, 1996).
Because these allergens are denatured by
heating (Dreborg and Foucard, 1983;
Taylor and Lehrer, 1996), individuals
with oral allergy syndrome can usually
safely ingest heat-processed forms of the
offending food, e.g., apple jelly or apple
sauce. Recent evidence indicates that, in
contrast to previous assumptions, some
individuals with oral allergy syndrome
associated with certain foods, such as
celery, also may experience more severe
systemic reactions on occasion (Ballm-
er-Weber et al., 2000).

The most frightening symptom asso-
ciated with food allergies is anaphylactic
shock, which usually involves multiple
systems including the gastrointestinal
tract, the skin, the respiratory tract, and
the cardiovascular system. Symptoms
occur in combination and develop rap-
idly. Severe hypotension can occur.
Death can occur from cardiovascular
and/or respiratory collapse within min-
utes of ingestion of the offending food.
Only a few of the many people with IgE-
mediated food allergies are at risk for
such serious manifestations. However,
numerous deaths have been attributed
to inadvertent exposure to the offending
food among individuals with food aller-
gies (Bock et al., 2001; Sampson et al.,
1992; Yunginger et al., 1988). These
deaths have involved asthma and/or
anaphylactic shock.

In addition to allergic reactions asso-
ciated with the consumption of foods,
occupational food allergies including
occupational asthma, hypersensitivity
pneumonitis (extrinsic alveolitis), and
contact dermatitis can occur amongst
food industry employees (O’Neil and
Lehrer, 1997). Such reactions can be
triggered in food manufacturing work-
ers by food-derived protein allergens,
e.g., green coffee beans, flour, and shell-
fish, or non-food agents, e.g., honey
bees and latex products (Lehrer and
O’Neil, 1992). These occupational aller-
gies are produced by respiratory expo-
sure to dusty processing environments
or cutaneous exposure to specific food
products.

Diagnosis. With the wide range of
symptoms that can be involved in IgE-
mediated food allergies and the possibil-
ity of other causes for many of these
symptoms, the diagnosis of IgE-mediat-
ed food allergies can sometimes be chal-
lenging (Metcalfe, 1984b). First and
foremost, an association must be sought
between the ingestion of one or more
offending foods and the elicitation of
the adverse reaction. Once a food-asso-
ciated adverse reaction is well docu-
mented, then proof of the existence of
an IgE mechanism must be considered.
The assistance of an allergist should be
sought in the diagnosis of IgE-mediated
food allergies. Too often, consumers rely
upon self-diagnosis or parental diagno-
sis. Self-diagnosis and parental diagnosis
of reactions in children are problematic
because they are often erroneous, lead-
ing to the identification of the wrong
foods, and implicate too many foods
(Bock et al., 1978). Careful history-tak-
ing including the use of food diaries by
an experienced allergist can often iden-
tify suspect foods. Elimination diets fol-
lowed by challenges can sometimes con-
firm the existence of a food-associated
adverse reaction. However, the gold
standard for documenting existence of a
food-associated adverse reaction is the
double-blind, placebo-controlled food
challenge (DBPCFC; Bock et al., 1988).
Such clinical challenges are especially
useful in situations where the role of a
specific food remains somewhat ques-
tionable. Double-blind, placebo-con-
trolled food challenges are not usually
done in cases involving serious, life-
threatening adverse reactions because of
the obvious risks to the patient and the
likelihood in such cases that the role of
one or more specific foods is rather
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clear. Once the role of one or more spe-
cific foods in the adverse reaction has
been established, then the involvement
of the IgE mechanism can be document-
ed through skin-prick tests using ex-
tracts of the suspect foods (Bock et al.,
1977) or by radioallergosorbent tests
(RASTS) where the presence of food-
specific IgE antibodies in the blood se-
rum is examined (Adolphson et al.,
1986).

Prevalence. IgE-mediated food aller-
gies likely affect between 2 and 2.5% of
the total population. For many years,
the overall prevalence estimate for IgE-
mediated food allergies has been be-
tween 1 and 2% of the total population
(Lemke and Taylor, 1994). However, a
recent random, digit-dial telephone sur-
vey in the U.S. indicated that the com-
bined prevalence of peanut and tree nut
allergies was an estimated 1.14%
(Sicherer et al., 1999). And, a similar
telephone survey in the United King-
dom indicated that the estimated preva-
lence of peanut allergy alone was 0.5%
(Emmett et al., 1999). While one could
criticize the use of telephone surveys, it
is unlikely that many consumers would
mis-diagnose peanut or tree nut aller-
gies since the symptoms are profound
and usually quite immediate. Thus,
these surveys may be reasonably reliable
and a good indication that previous es-
timates based solely on clinical impres-
sion were incorrect. Certainly, if peanut
and tree nut allergy alone account for
more than 1% of IgE-mediated food al-
lergy, then the overall prevalence of food
allergy in the total population likely ex-
ceeds 2%.

Infants (1-3 years of age) and chil-
dren are more commonly affected by
food allergies than other age groups
(Taylor et al., 1999). Among infants
younger than 3 years, the prevalence of
food allergies appears to be in the range
of 5% to 8% (Sampson, 1990). The
prevalence of food allergy among young
infants (<1 year of age) has been studied
more thoroughly than has the preva-
lence among older children and adults.

A much higher proportion of the
public believes that they have food aller-
gies because of self-diagnosis, parental
diagnosis, and misconceptions about the
definition of food allergy even among
some physicians (Bock et al., 1978;
Sloan, 1986). Studies have shown that
10 to 20% of the consuming public be-
lieves that they or someone in their fam-
ily has a food allergy (Chiaramonte et
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al., 1999; Sloan, 1986).

Some believe, on the basis of the
impressions of clinicians involved in
allergy practice for several decades,
that the prevalence of IgE-mediated
food allergies is increasing. An increase
in prevalence, however, is difficult to
confirm because good baseline data
from earlier years for comparative
purposes are lacking. Certainly, the
awareness of food allergy has in-
creased. More individuals may seek
specialized medical attention from al-
lergists as a result of this increased
awareness. But, almost everyone agrees
that the prevalence of severe food al-
lergies seems to be increasing. The rea-
sons for this apparent increase are un-
known. Many severely affected indi-
viduals have food-induced asthma as
one of the manifestations of their al-
lergic reaction. The overall prevalence
of asthma is definitely increasing in
the U.S. for unknown reasons (Beasley
et al., 2000). While food-induced asth-
ma is a small fraction of the total asth-
ma population, the prevalence of
food-induced asthma may be increas-
ing in concert with the overall increase
in prevalence of asthma.

Most Common Allergenic Foods.
The prevalence of allergies to specific
foods is not precisely known. Cows’
milk allergy appears to be among the
more prevalent food allergies in in-
fants. This is not surprising given the
importance of milk in infant feeding
practices. The prevalence of cows’ milk
allergy among infants under the age of
two in Sweden, Denmark, and Austra-
lia has been studied and found to be
approximately 2% in all three coun-
tries in well-conducted clinical studies
involving groups of unselected infants
followed from birth to the age of two
years (Hill et al., 1997; Host and Halk-
en, 1990; Jakobsson and Lindberg,
1979). The prevalence of milk allergy
is known to diminish with age (Bock,
1982), but the exact prevalence of milk
allergy among other age groups is un-
known. The prevalence of other specif-
ic food allergies has not been estab-
lished in controlled clinical trials using
unselected population groups. The
comparative prevalence of various spe-
cific food allergies can be discerned
from studies involving groups of indi-
viduals with probable food allergies. In
the U.S., eggs and peanuts are also
common allergenic foods for infants,
along with soybeans, tree nuts, fish,

and wheat (Bock and Atkins, 1990;
Burks et al., 1988; Sampson and McCa-
skill, 1985). Among adults in the U.S.,
peanuts are probably the most common
allergenic food (Taylor et al., 1999). Sea-
food allergies, especially to crustaceans
(shrimp, crab, lobster), are also rather
common among adults (Lehrer et al.,
1992). Fewer studies have been conduct-
ed on the prevalence of specific types of
food allergies in adults in the U.S. or
other countries. The prevalence of spe-
cific types of food allergies may vary
among population groups based upon
their eating habits (Taylor et al., 1999).
Peanut allergy appears to be more com-
mon in North America than in other
parts of the world. This observation may
relate to the popularity of peanut butter
in North America. As other countries,
such as the United Kingdom, have
adopted the North American affection
for peanuts and peanut products, the
prevalence of peanut allergy in those
countries appears to be rising (Emmett
etal., 1999). Another example would be
buckwheat allergy. Buckwheat allergy
appears to be rather common among
adults in certain southeast Asian coun-
tries such as Japan and South Korea
(Kang and Min, 1984). In contrast,
buckwheat allergy would be rather un-
common in the U.S. The difference is
likely due to the popularity of buck-
wheat noodles in the cuisine of certain
southeast Asian countries. Such obser-
vations have profound implications for
product developers. If a highly success-
ful buckwheat product was introduced
into the U.S. or if buckwheat noodles
became popular in American Asian cui-
sine, the prevalence of buckwheat aller-
gy would likely increase.

The Big Eight. Eight foods or food
groups are thought to account for more
than 90% of all IgE-mediated food aller-
gies on a worldwide basis (Bousquet et
al., 1998; FAO, 1995). These foods or
food groups are milk, eggs, fish (all spe-
cies of finfish), crustacea (shrimp, crab,
lobster, crayfish), peanuts, soybeans, tree
nuts (almonds, walnuts, pecans, cash-
ews, Brazil nuts, pistachios, hazelnuts
also known as filberts, pine nuts also
known as pinyon nuts, macadamia nuts,
chestnuts, and hickory nuts), and wheat.
In 1995, an expert consultation of the
Food and Agriculture Organization of
the United Nations determined that
these eight foods or food groups were
the most common causes of food allergy
on a worldwide basis (FAO, 1995). Sub-

SEPTEMBER 2001 < VOL. 55, NO. 9



sequently this list was adopted by the
Codex Alimentarius Commission in
1999 (CAC, 1999). These foods and
food groups have come to be known as
the “Big Eight” (Table 2). More than 160
other foods have been documented as
causing food allergies less frequently
(Hefle et al., 1996).

Basically, any food that has protein
has the potential to elicit an allergic re-
action among susceptible individuals.
Beyond the Big Eight, in certain geo-
graphic regions other foods or food
groups may frequently cause IgE-medi-
ated food allergies. Celery allergy, for ex-
ample, is rather common in some Euro-
pean countries (Wuthrich et al., 1990).
The prevalence of buckwheat allergy in
southeast Asia has already been men-
tioned. And, sesame seed allergy is very
common in middle Eastern countries
and countries where the ethnic popula-
tion of middle Easterners is high; this
may be due to the popularity of tahini, a
paste made from sesame seeds, in the di-
ets (Kanny et al., 1996). Several coun-
tries including Canada have decided to
add sesame seeds to the list of common-
ly allergenic foods for that country. A
few other foods are worthy of mention
because, although they less frequently
cause allergies, they have been associated
with severe reactions. These foods in-
clude molluscan shellfish (clams, oys-
ters, etc.), sesame seeds, poppy seeds,
sunflower seeds, cottonseed, and certain
other legumes beyond peanuts and soy-
beans (the various types of dry beans,
peas, lentils, and garbanzo beans also
known as chick peas) (Atkins et al.,
1988; Gall et al., 1990; Kagi and Wutri-
ch, 1993; Kalyoncu and Stalenheim,
1993; Kanny et al., 1996; Maeda et al.,
1991; Martin et al., 1992; Noyes et al.,
1979). However, a rather large percent-
age of the 160 or more other allergenic
foods has been reported to elicit severe
allergic reactions in isolated cases (Hefle
etal., 1996).

Food Allergens. The allergens in
foods are almost always naturally occur-
ring proteins. Foods contain millions of
individual proteins, but only a compara-
tive few of the proteins have been docu-
mented to be allergens (Bush and Hefle,
1996; Taylor, 1996). Some foods such as
milk, eggs, and peanuts are known to
contain multiple allergenic proteins
(Bush and Hefle, 1996). Other foods
such as Brazil nuts, shrimp, and codfish
contain only one major allergenic pro-
tein (Bush and Hefle, 1996). However,
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Table 2—Most Common (*“The Big
Eight”) Causes of Food Allergy
Worldwide

Cereals containing gluten
(wheat, rye, barley, oats, spelt or their hybridized
strains and products)

Crustacea and products
Eggs and egg products
Fish and fish products
Peanuts and products

Milk and milk products
Tree nuts and nut products
Soybeans and products

the majority of the proteins, even those
from commonly allergenic foods, are in-
capable of eliciting IgE production. Al-
though the common allergenic foods
listed above tend to be good sources of
protein, other common protein-rich
foods such as beef, pork, chicken, and
turkey are rarely allergenic. No common
structural features have allowed distinc-
tions to be made between those proteins
that are capable of eliciting IgE produc-
tion and those that are not. Allergenic
proteins, however, tend to be major pro-
teins in the implicated foods, resistant to
digestion, and stable to processing oper-
ations, particularly heat processing
(Taylor and Lehrer, 1996).

Development of IgE-Mediated Food
Allergies. Genetics play an important
role in the development of IgE-mediated
allergies of all types, including food al-
lergies (Kjellman and Bjorksten, 1997).
Allergies are much more likely to devel-
op in children born to parents who have
allergies (either to food, pharmaceutical,
or environmental allergens) than
amongst children born to parents with
no history of allergies (Taylor et al.,
1999). However, the nature of the aller-
gy that develops is not genetically con-
trolled. Therefore, the children of pol-
len-allergic parents are at increased risk
for development of food allergies as are
the children of food-allergic parents.
The risk is greater if both parents have
allergies than it is if only one parent has
allergies.

Infants are the most likely to develop
food allergies (Sampson, 1990; Taylor,
1987). However, sensitization to foods
can occur at any age. Infants do not ap-
pear to develop allergies in utero (Kjell-
man and Bjorksten, 1997), but can be
sensitized during the first few days of
life. Obviously, the newborn infant en-

counters through the first few years of
life dozens of new foods and probably
hundreds of thousands of food proteins
that have antigenic and possibly aller-
genic potential. For most of these foods
and their proteins, infants develop oral
tolerance (Strobel, 1997). Infants appear
to be at increased risk for the develop-
ment of IgE-mediated food allergies in
part because their digestive processes
may not be fully developed but primari-
ly because they have not yet had the op-
portunity to develop oral tolerance. Cer-
tain foodborne proteins seem to be
much more likely than others to cause
allergic sensitization (Bush and Hefle,
1996). The factors involved in sensitiza-
tion and the development of IgE-medi-
ated food allergies are not yet fully un-
derstood.

Prevention of IgE-Mediated Food
Allergies. The prevention of the devel-
opment of IgE-mediated food allergies
among high-risk infants (those born to
parents with histories of allergies) has
been a long-sought goal. However, the
results of several large clinical trials of
high-risk infants followed for several
years suggest that the development of
IgE-mediated food allergies can be de-
layed but not prevented (Zeiger and
Heller, 1995). The maternal diet during
pregnancy does not seem to be a factor
(Zeiger and Heller, 1995), because sensi-
tization does not occur in utero. The
avoidance of commonly allergenic foods
such as cows’ milk, eggs, and peanuts in
the infant diet during the first few years
of life often delays the development of
food allergies, but food allergies may
still develop after solid foods are intro-
duced (Hattevig et al., 1989; Zeiger and
Heller, 1995). Avoidance can be accom-
plished through breast-feeding or the
feeding of hypoallergenic infant formula
(Kjellman and Bjorksten, 1997; Zeiger
and Heller, 1995). Many pediatricians
recommend breast-feeding for infants
born to parents with histories of IgE-
mediated allergies. Lactating women can
apparently transmit potentially sensitiz-
ing levels of food allergens through their
milk to nursing infants (Van Asperen et
al., 1983). Apparently, intact or partially
intact allergenic proteins are able to sur-
vive maternal digestive processes and be
absorbed via the lymph and transferred
immunologically intact into breast milk
(Van Asperen et al., 1983). Infants have
been sensitized through breast-feeding
to peanuts, cows’ milk, and eggs (Van
Asperen et al., 1983). The avoidance of
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peanuts in the maternal diet during the
lactation period is often advocated as a
preventive measure. However, the exclu-
sion of milk and eggs from the maternal
diet during lactation is not usually rec-
ommended due to their nutritional im-
portance coupled with the low likeli-
hood of allergic sensitization through
breast-milk (Taylor et al., 1999). The use
of hypoallergenic infant formula to pre-
vent or delay the development of IgE-
mediated food allergies is less common-
ly practiced. However, the use of partial
whey hydrolysate formulae for this pur-
pose may show some promise (Vanden-
plas et al., 1992), although such partial
hydrolysates are not safe for consump-
tion by infants who are already sensi-
tized to cows’ milk (Businco et al., 1989;
Ellis et al., 1991). Apparently, the partial
hydrolysis of the whey proteins increases
the likelihood of the development of
oral tolerance as opposed to allergic
sensitization.

Natural History of IgE-Mediated
Food Allergies. Most food allergies de-
veloped in infancy are outgrown in in-
fancy or early childhood. Many infants
outgrow their food allergies, often with-
in a matter of a few months (Bock,
1982; Hill and Hosking, 1992). Allergies
to certain foods such as cows’ milk, eggs,
and soybeans are much more likely to be
outgrown than allergies to other foods
such as peanuts (Bock, 1982; Bock and
Atkins, 1989). Peanut allergy is almost
never outgrown. The loss of allergic sen-
sitivity to a particular food probably re-
sults from the development of immuno-
logical, oral tolerance (Taylor et al.,
1986a). However, the basis for the differ-
ences between specific foods (e.g., milk
vs. peanuts) in the development of oral
tolerance is not understood.

Cross-Reactions between Related Al-
lergenic Foods. Allergic consumers
sometimes experience cross-reactions
between closely related foods. For exam-
ple, with the crustacea, most sensitive
individuals are allergic to all of the vari-
ous species of shrimp, crab, lobster, and
crayfish (Lehrer, 1986). However, these
individuals can often eat other seafoods
including finfish and molluscan shell-
fish. Similar cross-reactivity also exists
between cows’ milk and goats’ milk
(Bellioni-Businco et al., 1999) and be-
tween eggs of various avian species
(Langeland, 1983). With other food
groups, the situation can be quite com-
plicated. For example, peanuts are the
most commonly allergenic legumes.

74 FOODTECHNOLOGY

Most peanut-allergic individuals can eat
other legumes without incident (Bern-
hisel-Broadbent and Sampson, 1989). A
few peanut-allergic individuals are also
allergic to soybeans (Herian et al., 1990),
although this may not necessarily repre-
sent true cross-reactivity. With fish, in-
dividuals often experience reactions to
more than one species of fish, but some
fish are tolerated by some fish-allergic
individuals and no definite patterns of
reactivity have been identified (Bernhis-
el-Broadbent et al., 1992; de Martino et
al., 1990).

Cross-Reactions between Food and
Environmental Allergens. Cross-reac-
tions are frequently observed between
pollens and certain foods, especially
fruits and vegetables (Ballmer-Weber et
al., 2000; Calkoven et al., 1987; van Ree
and Aalberse, 1993; Wuthrich et al.,
1990). This is the oral allergy syndrome,
which typically involves mild reactions
as previously mentioned. Examples in-
clude cross-reactions between birch pol-
len and apples, ragweed pollen and mel-
ons, and mugwort pollen and celery
(Ballmer-Weber et al., 2000; Calkoven et
al., 1987; Enberg et al., 1987; van Ree
and Alberse, 1993; Wuthrich et al.,
1990). Cross-reactions have also been
noted between latex allergies, a common
problem among health-care workers,
and certain foods including bananas, ki-
wis, avocados, and chestnuts (Blanco et
al., 1994).

Effect of Food Processing on Aller-
gens. As mentioned earlier, the allergens
in foods are typically proteins that are
stable to heat processing (Taylor and Le-
hrer, 1996). So, heat-processed forms of
commonly allergenic foods often retain
their allergenicity (Herian et al., 1993;
Nordlee et al., 1981). The only exception
would be the pollen-related allergens
found in fresh fruits and vegetables and
involved in oral allergy syndrome; these
allergens are usually destroyed by heat
processing (Dreborg and Foucard,
1983), although the necessary extent of
the heat process has not been well docu-
mented in most cases. For the most
common allergenic foods, all forms of
those foods should be considered aller-
genic unless proven otherwise. Testing
has indicated that most forms of pea-
nuts and soybeans, for example, retain
their allergenicity (Herian et al., 1993;
Nordlee et al., 1981). Other processing
techniques have not been so well investi-
gated for their effects on the allergenici-
ty of the resulting products. Since aller-

gens are resistant to proteolysis, fermen-
tation usually fails to eliminate allerge-
nicity (Taylor and Lehrer, 1996). For ex-
ample, although fermented soybean
products are reduced in allergenicity,
some allergenic activity is retained (He-
rian et al., 1993).

If the protein fraction is removed
during processing, however, the result-
ing product or ingredient might be safe
because the allergen has been removed.
The classic example is the processing of
edible oils from peanuts and soybeans
(Bush et al., 1985; Hourihane et al.,
1997a; Taylor et al., 1981). Clinical chal-
lenge trials in peanut- and soybean-al-
lergic individuals have documented that
highly refined peanut and soybean oil
are safe for individuals with allergies to
the source material (Bush et al., 1985;
Hourihane et al., 1997a; Taylor et al.,
1981).

Other ingredients may be derived
from allergenic sources. Examples in-
clude certain flavoring formulations,
starch, lecithin, and gelatin. Flavors can
occasionally contain protein residues
from allergenic foods (Taylor and Dor-
medy, 1998). Starch is often made from
corn or some other source that is rarely
allergenic. Occasionally, starch is made
from wheat, although the level of pro-
tein residues is quite low and adverse re-
actions to wheat starch have not been
reported. Lecithin can be made from ei-
ther soybean or egg and can contain al-
lergenic residues (Muller et al., 1998).
However, the degree of risk posed by the
low residual levels of soybean allergens
in lecithin remains unknown. Gelatin is
most commonly made from beef and
pork, foods that are rarely allergenic
(Sakaguchi et al., 1996). However, gela-
tin can also be made from fish skins.
The allergenicity of fish gelatin remains
unknown (Sakaguchi et al., 1999).

Treatment. Allergic reactions to
foods can be treated with certain drugs
(Furukawa, 1988; Simons, 1998). Anti-
histamines can counteract the effects of
histamine (Simons, 1998), although
these drugs do not counteract the effects
of the other mediators released from ba-
sophils and mast cells. Epinephrine
(adrenaline) is considered the life-saving
drug for individuals at risk of severe
anaphylactic shock-type reactions to
foods (Sampson et al., 1992). Epineph-
rine is available in self-injectable form.
Consumers with a history of severe ana-
phylactic reactions to foods should have
a prescription for epinephrine and carry
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the medication at all times. To be most
effective, epinephrine must be adminis-
tered early in the course of the allergic
reaction. However, an examination of
severe food-allergic reactions resulting
in deaths or near-deaths reveals a delay
in the administration of epinephrine as
a key contributing factor to the severe
outcome (Sampson et al., 1992).

The specific avoidance diet is the
only prophylactic approach to the treat-
ment of food allergies (Taylor et al.,
19864; Taylor et al., 1999). For example,
individuals allergic to peanuts must
simply avoid ingesting peanuts. The
construction of safe and effective avoid-
ance diets is often a challenge for indi-
viduals with food allergies. With pack-
aged foods, these individuals must
spend considerable time in the scrutiny
of ingredient declarations on product
labels. They must be taught to recognize
the many terms that may signify the
presence of food components or ingre-
dients derived from their offending
food(s). Some foods, especially in food-
service settings, are sold without ingre-
dient statements. Clearly, the allergic
consumer can encounter many hazard-
ous situations in such circumstances
and must be trained to be extremely vig-
ilant. Also, exposure to very small
amounts of the offending food may be
sufficient to elicit allergic reactions in
some sensitive individuals, further com-
plicating the necessary vigilance in the
implementation of effective avoidance
diets.

Threshold Doses for Allergenic
Foods. As noted, individuals with IgE-
mediated food allergies will experience
symptoms on exposure to small
amounts of the offending food. The in-
teraction of a small amount of the aller-
gen with specific IgE antibodies on the
surface of the mast cell or basophil
membrane triggers the release of mas-
sive quantities of mediators, which ac-
counts for the low degree of threshold.
The precise threshold doses for allergen-
ic foods have not been carefully investi-
gated and are likely to be variable from
one allergic individual to another. In a
recent study, Hourihane et al. (1997b)
demonstrated that a group of individu-
als with peanut allergy displayed differ-
ent thresholds for peanuts. The most
sensitive individual among 12 tested
subjects experienced an objective reac-
tion when exposed to 2 mg of peanut
protein. Other patients in the group did
not even respond to the highest dose

VOL. 55,NO. 9 = SEPTEMBER 2001

used in the challenge trial which was 50
mg of peanut protein. While this experi-
ment clearly demonstrates that the
threshold level is not zero, the threshold
dose is quite low. Whether other aller-
genic foods have thresholds as low as
those for peanuts remains to be deter-
mined.

Allergenicity of Foods Produced
Through Agricultural Biotechnology.
In the genetic modification of foods,
genes are transferred from one organism
to another. Because these genes code for
the expression of a particular protein,
novel proteins are expressed in the
transgenic variety as a result. Because all
allergens are proteins, the theoretical
possibility exists that these novel pro-
teins might be allergenic or that they
might become allergenic. However, only
a few of the many proteins found in na-
ture are allergenic, so the probability of
the transfer of an allergen is rather low.
The potential allergenicity of the novel
proteins expressed in the new varieties
produced through agricultural biotech-
nology should be assessed in every case.

The potential allergenicity of the
novel proteins in transgenic varieties
can be assessed (FAO/WHO, 2001; Met-
calfe et al., 1996; Taylor and Hefle,
2001a). If a gene is transferred from a
known allergenic source, the potential
allergenicity of the expressed novel pro-
tein can be assessed with reasonable cer-
tainty by evaluating its reactivity by spe-
cific serum screening with serum con-
taining IgE antibodies from individuals
with well documented allergies to the
source material. This assessment ap-
proach was demonstrated to be effective
when it was determined that a Brazil nut
protein transferred into soybeans to cor-
rect the inherent methionine deficiency
of soybeans was the heretofore unidenti-
fied major allergen from Brazil nuts
(Nordlee et al., 1996). The company in-
volved abandoned further commercial
interest in these transgenic soybeans as a
result. It should be emphasized that
genes are not often obtained from
known allergenic sources in the devel-
opment of commercial transgenic vari-
eties. However, when genes are trans-
ferred from known allergenic sources, it
must be assumed that the gene encodes
for an allergenic protein unless proven
otherwise.

More typically, genes are obtained
from sources with no history of allerge-
nicity. In these situations, a decision-tree
approach is advocated for the assess-

ment of the potential allergenicity of the
novel protein. While no single test can
perfectly predict the potential allerge-
nicity of a particular novel protein from
a source with no history of allergenicity,
the application of a series of tests pro-
vides reasonable assurance that the nov-
el protein is not likely to become an al-
lergen. Several decision-tree approaches
have been developed (FAO/WHO, 2001;
Metcalfe et al., 1996; Taylor and Hefle,
2001a). These approaches rely upon
evaluation of the source of the gene and
its history of allergenicity, the sequence
homology of the novel protein to
known allergens, the immunoreactivity
of the novel protein with serum IgE
from individuals with known allergies
to the source of the transferred gene, the
immunoreactivity of the serum IgE
from individuals with known allergies
to sources that are broadly related to the
source of the novel gene (e.g., grass pol-
len allergic individuals in cases where
the gene is obtained from monocot
sources), the pepsin resistance or diges-
tive stability of the novel protein, and
the immunogenicity of the novel pro-
tein in validated animal models (Fig. 3).
Other factors especially the level of ex-
pression of the novel protein in the food
are also likely to be important since al-
lergies are usually elicited by food pro-
teins where dietary exposure is compar-
atively high.

Foods produced through agricultural
biotechnology including corn, soybeans,
canola, and potatoes are already reach-
ing the consumer marketplace. The po-
tential allergenicity of the novel proteins
expressed in these commercial products
has been assessed using the approaches
indicated above. The novel proteins in
these approved transgenic varieties are
not obtained from known allergenic
sources, are not structurally homolo-
gous to known food or environmental
allergens, and are sensitive to digestive
proteolysis. Furthermore, the novel pro-
teins are expressed at very low levels in
the edible portions of these modified
crops. Thus, the likelihood of allergenic-
ity from this current generation of crops
produced by agricultural biotechnology
is virtually nil.

Considerable publicity has surround-
ed one particular transgenic variety, the
so-called StarLink™ corn. StarLink corn
was never approved for human use, but
was unfortunately approved for animal
feed use. When segregation failed, some
StarLink corn residues were found in
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corn-based food products intended for
human consumption. Although the gene
inserted in StarLink corn was obtained
from a source with no history of allerge-
nicity and the novel protein was not
structurally similar to known food or
environmental allergens, the novel pro-
tein was comparatively more resistant to
digestive proteolysis than other novel
proteins that had been approved for
other genetically modified crops. For
this reason, StarLink corn was never ap-
proved for human consumption. How-
ever, given the very low level of exposure
to the novel protein in StarLink corn in
corn-based food products, the likeli-
hood of allergic sensitization to this par-
ticular novel protein is low. Despite that
and due to the concerns about the po-
tential allergenicity of this transgenic
variety, it has been withdrawn from the
marketplace, although traces may re-
main for one or more growing seasons.
This episode emphasizes the importance
of assessing the potential allergenicity of
transgenic varieties as part of the overall
safety evaluation process.

Agricultural biotechnology can also
be used to decrease the inherent allerge-
nicity of foods. The proteins in specific
foods that are responsible for allergic re-
actions could be removed or altered
through agricultural biotechnology.
While no commercial examples exist yet
of the application of this possibility, it is
an active area of research with peanuts.

Assessment of the Allergenic Potential
of Foods Derived From Biotechnology

Non-IgE Cell-Mediated
Reactions

As noted earlier, cell-mediated aller-
gic reactions, also known as delayed hy-

Footnotes persensitivity reactions, have an onset
- ) ) time of 6-24 hours after ingestion of the
Any positive results obtained from sequence homology comparisons to offending food. The reactions develop

the sequences of known allergens in existing allergen databases or from

; N o slowly, reaching a peak at approximatel
serum screening protocols indicate that the expressed protein is likely Y gap P y

48 hours and then slowly subsiding over

allergenic. 72-96 hours. Cell-mediated food aller-
The degree of confidence in negative results obtained in the specific gies involve the interaction between spe-
serum screen is enhanced by the examination of larger numbers of cific antigens or allergens from the food
individual sera. Conducting the specific serum screen with small numbers and sensitized, tissue-bound T cells that
of individual sera when larger numbers of such sera are readily available release inflammatory mediators when
should be discouraged. sensitized (Sampson, 1991). The role of
- o _ _ cell-mediated reactions in food allergies
When positive results are obtained in both the pepsin resistance and remains somewhat uncertain. Compel-

animal model protocols, the expressed protein has a high probability to
become an allergen. When negative results are obtained in both proto- P .
cols, the expresged protein is Snlikely to become an allergen. Whpc)an mUIated‘ however, indicating that Ce.“ac
different results are obtained in the pepsin resistance and animal model disease occyrs througha T cell-mediat-
protocols, the probability of allergenicity is intermediate, although rational ed mechanism (Ferguson, 1997; Strober,
explanations may be possible in some situations. 1986).

Celiac Disease. Also known as celiac

Fig. 3—Decision-tree for assessment of allergenic potential of foods derived from biotechnology (FAO/ ~ SPTue or gluten-sensitive enteropathy,
WHO, 2001). celiac disease is a malabsorption syn-

ling and mounting evidence has accu-
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drome occurring in sensitive individuals
upon the consumption of wheat, rye,
barley, triticale, spelt, and kamut (Fer-
guson, 1997; Lemke and Taylor, 1994 ).
The role of oats in celiac disease has re-
cently been questioned. Apparently, oats
and oat products that are totally free of
wheat, rye, and barley, are safe for celiac
sufferers to consume (Janatuinen et al.,
1995). After consumption of the offend-
ing grains or products made from these
grains, the absorptive epithelial cells in
the small intestine are damaged by an
inflammatory process (Ferguson, 1997).
As a result, absorption of nutrients
through the epithelium is compromised.
The loss of absorptive function along
with the ongoing inflammatory process
results in a severe malabsorption syn-
drome characterized by diarrhea, bloat-
ing, weight loss, anemia, bone pain,
chronic fatigue, weakness, muscle
cramps, and, in children, failure to gain
weight and growth retardation (Lemke
and Taylor, 1994; Skerritt et al., 1990). A
fraction of wheat, the gliadin fraction,
and related fraction in barley and rye
are associated with initiation of celiac
disease in susceptible individuals (Sker-
ritt et al., 1990).

Celiac disease is an inherited trait,
but the inheritance is complex and
poorly understood. Celiac disease oc-
curs in about 1 of every 3000 individu-
als in the U.S. (Kasarda, 1978). In some
other parts of the world, celiac disease
occurs more frequently. The highest
prevalence occurs among individuals in
certain regions of Europe (Greco et al.,
1992; Kasarda, 1978). Celiac disease
seems to occur more frequently among
Europeans than among Americans of
European descent for unexplained rea-
sons. Celiac disease rarely occurs among
individuals of Chinese or African de-
scent (Ferguson, 1997).

The treatment of celiac disease in-
volves the avoidance of wheat, rye, bar-
ley, triticale, spelt, kamut, and oats and
products of these grains (Hartsook,
1984). The threshold dose of gliadin and
related protein fractions needed to pro-
voke celiac disease in sensitive individu-
als is not precisely known, but symp-
toms can be elicited by ingestion of
small amounts of these grains (Lemke
and Taylor, 1994). If a gluten-free diet is
followed, the symptoms of celiac disease
will resolve and the absorptive function
of the small intestine will be restored.
Most celiac sufferers adhere to very
strict gluten-free diets. In the absence of
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information on the safety of products
made from the offending grains, affected
individuals often choose to avoid prod-
ucts that contain remarkably small
amounts of protein from these sources
including rye alcohol, wheat starch, malt
extract, and vinegar. The wisdom of
such severely restricted avoidance diets
remains to be established.

Food Intolerances

In contrast to true food allergies,
food intolerances occur through non-
immunological mechanisms. However,
like true food allergies, food intoleranc-
es affect some individuals in the popula-
tion but not all. Individuals suffering
from food intolerances can usually tol-
erate small amounts of the offending
food or food ingredient in their diet
without ill effects. Food intolerances can
be divided into three categories: ana-
phylactoid reactions, metabolic food
disorders, and idiosyncratic illnesses.

Anaphylactoid Reactions. In IgE-me-
diated food allergies, the release of hista-
mine and other mediators from the
mast cells and basophils is mediated by
the interaction of IgE with proteina-
ceous allergens, as described earlier. In
contrast, anaphylactoid reactions are
caused by substances that bring about
the release of the same mediators from
mast cells without the involvement of
IgE (Lemke and Taylor, 1994). Some
substance in the implicated food is pre-
sumed to destabilize the mast cell mem-
branes allowing for the spontaneous re-
lease of histamine and the other media-
tors. However, no such histamine-releas-
ing substance has ever been isolated or
identified in foods, although this mech-
anism is well established with certain
drugs. Strawberry sensitivity is usually
cited as the best example of an anaphy-
lactoid reaction. Although strawberries
are known to cause adverse reactions
(frequently urticaria) in susceptible in-
dividuals, there is little evidence for the
existence of an IgE-mediated mecha-
nism. Strawberries contain little protein,
and no evidence has been found for the
existence of a strawberry allergen. Fur-
thermore, there is no evidence for the
existence of strawberry-specific IgE in
the sera of strawberry-sensitive individ-
uals. Spontaneous histamine release is
thus a plausible mechanism. However, if
a substance exists in strawberries that
destabilizes mast cell membranes, that
substance has yet to be identified. The
possibility that strawberry sensitivity is a

form of oral allergy syndrome has not
yet been excluded, and is an equally
plausible mechanism.

Metabolic Food Disorders. Metabol-
ic food disorders result either from in-
herited defects in the ability to metabo-
lize some component of food or from a
genetically determined, enhanced sensi-
tivity to some foodborne chemical that
occurs through an altered metabolic
pattern (Lemke and Taylor, 1994). Lac-
tose intolerance is an example of an ill-
ness that occurs when a genetic deficien-
cy affects the host’s ability to metabolize
a food component (Kocian, 1988). In
lactose intolerance, an inherited defi-
ciency occurs in the amount of the en-
zyme, B-galactosidase, leading to an im-
paired ability to digest lactose. Favism is
an example of a genetic deficiency that
enhances the sensitivity to a foodborne
chemical. In favism, a genetic deficiency
in glucose-6-phosphate dehydrogenase
in the erythrocyte results in an en-
hanced sensitivity to several hemolytic
substances that occur naturally in fava
beans (Mager et al., 1980). These two
metabolic food disorders are the most
common and best understood illnesses
in this category of food intolerances.

Lactose Intolerance. Lactose is a dis-
saccharide and the principal sugar in
milk. Normally, lactose is hydrolyzed
into its constituent monosaccharides,
galactose and glucose, in the small intes-
tinal mucosa. These monosaccharides
can then be absorbed and used as meta-
bolic sources of energy. In lactose intol-
erance, the activity levels of B-galactosi-
dase, the key hydrolytic enzyme that ex-
ists in the mucosal membranes of the
small intestine, are diminished (Houts,
1988; Suarez and Savaiano, 1997). Since
lactose cannot be absorbed in the small
intestine unless it is hydrolyzed to glu-
cose and galactose, the undigested lac-
tose passes into the colon where it en-
counters large populations of bacteria.
The colonic bacteria metabolize the lac-
tose to CO,, H,, and H,O (Lemke and
Taylor, 1994). Abdominal cramping,
flatulence, and frothy diarrhea are the
predominant symptoms of lactose intol-
erance (Bayless et al., 1975) and are the
direct result of the action of the colonic
bacteria on lactose. The symptoms vary
in intensity in concert with the individ-
ual level of activity of B-galactosidase in
the small intestine and the amount of
lactose ingested.

Lactose intolerance is a fairly com-
mon metabolic food disorder. Lactose
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intolerance is especially prevalent
among some ethnic groups in the world
including Greeks, Arabs, Jews, black
Americans, Hispanics, Japanese, and
other Asians (Houts, 1988; Suarez and
Savaiano, 1997). Only about 6-12% of
Caucasians are affected (Suarez and
Savaiano, 1997). Lactose intolerance can
have its onset at any age, occurring as
early as the age of three (Simoons,
1980). However, lactose intolerance
tends to worsen with advancing age and
is often more common and more severe
among the elderly (Houts, 1988; Simo-
ons, 1980). The level of intestinal b-ga-
lactosidase is usually sufficient at birth
to allow digestion of lactose in mother’s
milk, but susceptible individuals suffer
as a result of decreased activity of this
enzyme as life progresses. Lactose intol-
erance may also occur on a more transi-
tory basis on occasion, secondary to an-
other intestinal illness or infection such
as a bout of viral gastroenteritis (Met-
calfe, 1984b). Secondary lactose intoler-
ance tends to subside rather quickly af-
ter the original illness is resolved.

Individuals with lactose intolerance
are able to control their symptoms
through the avoidance of dairy products
containing lactose (Lemke and Taylor,
1994). However, many lactose-intolerant
individuals can tolerate some lactose in
their diets. The degree of tolerance for
lactose is individualistic and variable
among such individuals. Yogurt, sour
cream, and acidophilus milk that con-
tain active cultures of bacteria with b-
galactosidase activity, are better tolerat-
ed by lactose-intolerant individuals than
other dairy products (Kolars et al.,
1984). Lactose-hydrolyzed milk is also
available in the marketplace (Paige et al.,
1975). And, lactose-intolerant individu-
als can add b-galactosidase to milk just
before consumption, and this seems to
be an effective practice (Barillas and So-
lomons, 1987). Certainly, the level of
tolerance for dairy products is much
higher with lactose intolerance than it is
with IgE-mediated cows’ milk allergy
(Taylor, 1990).

Favism. Individuals with an inherited
deficiency of the enzyme, glucose-6-
phosphate dehydrogenase (G6PDH), in
their erythrocytes are susceptible to
favism. Symptoms occur after consump-
tion of fava beans or the inhalation of
pollen from the Vicia faba plant (Mager
et al., 1980). Fava beans contain vicine
and convicine, naturally occurring oxi-
dants that are able to damage the eryth-
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rocyte membranes of G6PDH-deficient
individuals causing hemolysis and the
symptoms of hemolytic anemia (Mar-
quardt, 1989). G6PDH is a critical en-
zyme in erythrocytes because it helps to
maintain adequate levels of the reduced
form of glutathione (GSH) and nicoti-
namide adenine dinucleotide phosphate
(NADPH). GSH and NADPH help to
avert oxidative damage to erythrocytes.
In individuals who are GGPDH-defi-
cient, this protective mechanism is non-
functional and the oxidants in fava
beans can exert their hemolytic effects.
In rare cases with repeated exposure,
more severe symptoms can occur in-
cluding hemoglobinuria, jaundice, and
renal failure. The onset time after inges-
tion of the fava beans ranges from 5 to
24 hours. The illness is self-limited,
however, with symptoms resolving
promptly and spontaneously upon
avoidance of further exposure.

G6PDH deficiency is very common
and affects approximately 100 million
individuals on a worldwide basis (Mager
et al., 1980). The prevalence is highest
among Oriental Jewish groups in Israel,
Sardinians, Cypriot Greeks, African
Americans, and certain African popula-
tions. This inherited trait is virtually ab-
sent among Caucasians, North Ameri-
can Indians, and Eskimos. Despite the
high prevalence of G6PDH deficiency,
favism is an uncommon occurrence be-
cause fava beans are not frequently eaten
except in Mediterranean and Middle
Eastern locales.

Idiosyncratic IlInesses

Some individualistic adverse reac-
tions to foods are idiosyncratic in that
the mechanism for these illnesses is un-
known. Many reports, mostly anecdotal,
have occurred regarding illnesses in cer-
tain individuals attributed to certain
specific foods or food ingredients. Con-
ceivably, a large number of different
mechanisms could be involved in these
idiosyncratic reactions. The symptoms
involved in idiosyncratic reactions range
from trivial to severe, life-threatening
reactions (Taylor et al., 1989b).

The role of specific foods or food in-
gredients in the causation of these idio-
syncratic reactions remains to be deter-
mined in many cases. The cause-and-ef-
fect relationships can only be estab-
lished through carefully controlled DB-
PCFCs (Taylor et al., 1989b). A positive
DBPCFC would definitely confirm that
the specific food or food ingredient is

involved in the particular adverse reac-
tion. The mechanism of the adverse re-
action, however, cannot be determined
from the positive DBPCFC alone. A neg-
ative DBPCFC indicates either that
foods are not involved in causation of
the reaction or at least that the specific
food or food ingredient used in the
challenge was wrongly incriminated.
Unfortunately, DBPCFCs are rarely per-
formed to establish convincingly that a
specific food or food ingredient is asso-
ciated with a particular idiosyncratic re-
action.

The role of specific foods or food in-
gredients are firmly established in a few
of the many alleged foodborne idiosyn-
cratic reactions. Sulfite-induced asthma
is perhaps the best example (Bush and
Taylor, 1998). In the case of sulfite-in-
duced asthma, many clinicians have
documented the role of sulfites in the
provocation of asthma in dozens of pa-
tients using DBPCFC protocols (Bush
and Taylor, 1998). Aspartame has been
identified as a causative factor in two
subjects using DBPCFC (Kulczycki,
1986). However, other cases of aspar-
tame-induced urticaria have not been
identified so this may be a rather rare
phenomenon.

For many other alleged idiosyncratic
reactions to specific foods or food ingre-
dients, the association with the specific
food or food ingredient has not been
conclusively documented through DB-
PCFCs. Examples would include the
role of chocolate or aspartame in mi-
graine headache; the roles of BHA, BHT,
tartrazine, benzoates, or parabens in
chronic urticaria; the role of tartrazine
in asthma; the role of monosodium
glutamate (MSG) in asthma or MSG
Symptom Complex; and the role of sug-
ar in aggressive behavior (Bush and Tay-
lor, 1998). A thorough critique of the
many studies that have been conducted
on the role of these foods or food ingre-
dients in the causation of these idiosyn-
cratic reactions is beyond the scope of
this particular review. However, very few
of the clinical studies have used double-
blind and placebo-controlled trial de-
signs. Furthermore, many of the studies
have involved individuals with chronic,
episodic symptoms such as chronic urti-
caria or asthma and the clinical investi-
gators have removed critical medica-
tions from the patients before initiating
the challenge trials. In such cases, the
observed symptoms might be due either
to the challenge substance or to the
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withdrawal of medications that con-
trolled the condition. With such critical
clinical design flaws, the role of these
specific foods and food ingredients in
these particular idiosyncratic illnesses
remains unproven. Furthermore, psy-
chological disorders may be involved in
perceived reactions to specific foods or
food ingredients (King, 1984; Selner and
Staudenmayer, 1997).

In a few cases, the role of specific
foods or food ingredients in idiosyn-
cratic reactions has been disproven by
careful clinical investigations. However,
consumers may persist in their belief
that such reactions occur. The outstand-
ing example of such a reaction is the
role of artificial food colors in hyperki-
netic behavior in children. Several de-
cades ago, Dr. Benjamin Feingold impli-
cated artificial food colorants as caus-
ative factors in hyperkinesis on the basis
of poorly controlled trials and anecdotal
experiences (Feingold, 1975). The re-
sulting publicity on the Feingold hy-
pothesis was considerable, and, conse-
quently, many consumers became con-
vinced of a relationship between inges-
tion of artificial food colorants and
provocation of hyperkinetic behavior in
children. Subsequently, several double-
blind, placebo-controlled challenge tri-
als have been conducted with artificial
food colorants and have demonstrated
convincingly that few, if any, hyperki-
netic children are adversely affected by
the ingestion of these food colorants
(Harley et al., 1978a). Despite this evi-
dence, many consumers persist in their
belief regarding the role of artificial
food colorants in hyperkinetic behavior.

A similar situation exists with respect
to monosodium glutamate where the
involvement of MSG intake in the so-
called Chinese Restaurant Syndrome,
now more appropriately called MSG
Symptom Complex, has been alleged so
often that it is now accepted as fact by
many consumers. However, the role of
MSG in MSG Symptom Complex has
not been corroborated in carefully con-
trolled clinical challenge studies (Kenny,
1986; Tarasoff and Kelly, 1993). More
recently, MSG intake has been linked to
asthma (Allen et al., 1987). However, the
role of MSG in provocation of asthma
seems questionable at best when pa-
tients are evaluated using a DBPCFC
protocol (Bush and Taylor, 1998). The
alleged role of tartrazine, also known as
FD&C Yellow #5, in asthma and chronic
urticaria is also very questionable in the
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light of DBPCFCs (Bush and Taylor,
1998; Stevenson et al., 1986). Yet, unde-
clared tartrazine remains the basis for a
large number of FDA recalls.

Sulfite-Induced Asthma. Sulfiting
agents allowed for use in foods include
sulfur dioxide, potassium metabisulfite,
sodium metabisulfite, potassium
bisulfite, sodium bisulfite, and sodium
sulfite. Sulfiting agents have been used
as food ingredients for many years, be-
cause they have many important tech-
nological benefits (Taylor et al., 1986b).
Sulfites also occur naturally in some
foods, especially fermented foods (Tay-
lor et al., 1986b). However, residual lev-
els of sulfites in foods vary from a few
ppm arising mostly from natural sourc-
es, to less than 10 ppm to >1,000 ppm as
a result of additive usage.

Although sulfites have been used for
centuries, they have been implicated as
triggers of asthma in some sensitive in-
dividuals only in recent years (Bush and
Taylor, 1998; Stevenson and Simon,
1981). The reactions usually occur with-
in a few minutes after the ingestion of a
provoking dose of sulfite. The reactions
can be quite severe on occasion and
deaths have been attributed to sulfite-
induced asthma (Bush and Taylor,
1998). The role of sulfites in the causa-
tion of asthma in susceptible individuals
has been well documented by DBPCFC
(Bush and Taylor, 1998; Stevenson and
Simon, 1981). Other symptoms have
also been alleged to occur as a result of
sulfite sensitivity but these reports have
been largely anecdotal and unverified by
DBPCFC (Bush and Taylor, 1998).

Sulfite-induced asthma affects only a
small percentage of all asthmatic indi-
viduals (Bush et al., 1986). The preva-
lence among severe asthmatics who are
dependent upon steroid-based drugs for
control of their symptoms appears to be
in the range of 4-7%, while mild asth-
matics do not seem to be very suscepti-
ble to sulfite ingestion (Bush et al.,
1986). Thus, the overall prevalence of
sulfite-induced asthma is estimated at
1.0-1.5% of the total asthmatic popula-
tion (Bush et al., 1986).

Sulfite-induced asthmatics display
thresholds for sulfites (Bush and Taylor,
1998; Taylor et al., 1988). While the in-
gestion of high doses of sulfite in highly
sulfited foods and beverages can be
quite hazardous for susceptible individ-
uals, the ingestion of sulfited foods with
lower levels of residual sulfite (<100
ppm as total SO,) seems to present little

risk (Taylor et al., 1988). Thus, sulfite-
sensitive asthmatics must be alert to the
presence of sulfites in foods at levels that
are required to be declared on the ingre-
dient statement, but are at no risk from
ingestion of sulfites from foods that
have levels of residual sulfite below the
detection limit of current assay proce-
dures (<10 ppm as total SO,).

The mechanism of sulfite-induced
asthma is not known. Several different
mechanisms have been proposed in-
cluding IgE-mediated reactions, hyper-
sensitivity to inhaled SO, from ingestion
of acidic foods and beverages, and
sulfite oxidase deficiency (Bush and Tay-
lor, 1998). However, none of these
mechanisms has been proven, so sulfite-
induced asthma remains an idiosyncrat-
ic illness.

Implications for Food
Manufacturing

In accordance with the Food, Drug,
and Cosmetic Act (Section 403(i)(2); 21
USC 343(i)(2); 21 CFR 101.4), food
manufacturers are required to list all the
ingredients of a food, with two excep-
tions (FDA/ORA, 2001). Section 403(i)
of the FDC Act provides that spices, fla-
vorings, and colorings may be declared
collectively without naming each specif-
ic substance. FDA, however, has required
on a substance-by-substance basis ingre-
dients covered by the 403(i) exemption
to be declared when necessary to protect
individuals who experience adverse re-
actions to the substance, e.g., FD&C Yel-
low No. 5. The agency strongly encour-
ages the declaration of an allergenic in-
gredient of a spice, flavor, or color, by ei-
ther declaring the allergenic ingredient
by its common or usual name in the in-
gredient list as a separate ingredient or
parenthetically following the term spice,
flavor, or color, or as a declaration at-
tached at the end of the list of ingredi-
ents indicating the presence of a specific
allergen (FDA/ORA, 2001). FDA regula-
tions (21 CFR 101.100(a)(3)) exempt
from ingredient declaration incidental
additives, such as processing aids,
present in food at insignificant levels
and that do not have a technical or
functional effect in the finished food.
The FDA has stated, however, that an
amount, although sometimes very
small, of a substance that may cause an
allergic reaction is not insignificant and
therefore must be declared (FDA/CF-
SAN, 1996). The FDA is considering fur-
ther its labeling requirements and
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whether any actions, e.g., clarification of
labeling regulations or rulemaking, for
labeling of allergenic ingredients is nec-
essary (FDA/CFSAN, 1996; FDA/CF-
SAN/ONPLDS, 2001).

Further, manufacturers are required
to follow Good Manufacturing Practices
(GMPs). GMPs, described in a series of
articles by Taylor and Hefle (2000a,b,c,
2001b), are a significant strategy for
controlling food allergens and reducing
the likelihood of allergic reactions. Key
GMPs for preventing allergen cross-con-
tamination via the use of shared equip-
ment, often necessary for related food
products with different formulations,
are: dedication of lines or specific pieces
of equipment, appropriate scheduling of
manufacturing operations, and effective
clean up between operations (Taylor
and Hefle, 2000a). The effectiveness of
these strategies can be assessed by sensi-
tive, specific immunoassays, where avail-
able; otherwise, the standard must be
visibly clean. GMPs for use of rework,
sometimes an economic necessity, are
maintaining a “like-into-like” policy;
i.e., rework created from a specific for-
mulation is only incorporated back into
the same exact formulation and accurate
labeling of the packaged product is
maintained (Taylor and Hefle, 2000b).

Suppliers and co-packers must also
have allergen control programs (Taylor
and Hefle, 2000c). In working with their
suppliers and co-packers, manufacturers
must obtain accurate information on
the allergen content of all product for-
mulation substances, including compos-
ite ingredients such as flavors, spices, ed-
ible oils, and natural and artificial color-
ing. Manufacturers are also advised to
regularly audit suppliers for effective al-
lergen control practices, e.g., regarding
sanitation and acquisition, storage, pro-
cessing, and packaging of materials; and
upon delivery to the manufacturers’ fa-
cilities, maintenance of the codes of all
packages of ingredients and storage in a
manner that will not contaminate other
ingredients.

Because ingestion of trace amounts
of an allergen can provoke an allergic,
potentially life-threatening reaction,
GMPs are not necessarily always solely
effective for sufficiently minimizing the
risk of potential allergen contamination.
In such cases, manufacturers use addi-
tional strategies for managing allergen
control. These include addition of the
allergic ingredient to the product as late
in the manufacturing process as possible

80 FOODTECHNOLOGY

and scheduling of the processing opera-
tion of the most allergenic formulation
just before the end of the shift prior to
the major clean-up. Some food compa-
nies, with multiple facilities, have cho-
sen to restrict the manufacturing of cer-
tain allergen-containing formulations,
e.g., peanut-containing products, to
dedicated facilities (Taylor and Hefle,
2000a).

A Food Allergy Issues Alliance, com-
prising food trade associations and oth-
er interested organizations, has been dis-
cussing options related to labeling of
major food allergens and developed la-
beling guidelines. The guidelines ad-
dress: identifying the major food aller-
gens; using terms commonly under-
stood by consumers; disclosing the pres-
ence of major food allergens when they
are an intentional part of the food, re-
gardless of source; and establishing
guidelines for conditions when the use
of supplemental statements is appropri-
ate (NFPA, 2001a). Further, the National
Food Processors Association developed
for its members a Code of Practice to
delineate general practices that can en-
sure effective strategies for food allergen
management (NFPA, 2001b).

Conclusions

Taken together, food allergies and
sensitivities are adverse reactions that
affect a significant number of people in
the overall population. The symptoms
of any specific type of food allergy or
food sensitivity are manifested only in a
small segment of the total population.
As a result of the individualistic nature
of these illnesses, the public does not
tend to view these illnesses as a major
health concern. However, food allergies,
and to a lesser extent, food intolerances
are an increasingly important concern
to food manufacturers. Consumers with
various types of food allergies and intol-
erances must alter their lifestyles on a
continuing basis to avoid the offending
food or food ingredient. The industry
must provide these consumers with the
information necessary for them to prac-
tice such avoidance effectively. Ingredi-
ent labeling statements are the key to
implementation of safe and effective
avoidance diets. Manufacturers must
also be aware that certain processing
practices such as the use of shared
equipment and the use of re-work can
result in undeclared residues of aller-
genic foods existing in other products.
These situations can be hazardous for

allergic consumers especially if larger
guantities of the allergenic foods are
present on an undeclared basis. Howev-
er, since individuals with food intoler-
ances can usually tolerate some of the
offending food in their diets, the prac-
tices in the processing environment are
much less likely to result in the transfer
of hazardous levels of the offending
food or food ingredient.
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