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ABSTRACT: Attention to peanut allergy has been rising rapidly for the last 5 y, because it accounts for the majority of
severe food-related anaphylaxis, it tends to appear early in life, and it usually is not resolved. Low milligram amounts
of peanut allergens can induce severe allergic reactions in highly sensitized individuals, and no cure is available for
peanut allergy. This review presents updated information on peanut allergy, peanut allergens (Ara h1 to h8), and
available methods for detecting peanuts in foods. These methods are based on the detection of either peanut proteins
or a specific DNA fragment of peanut allergens. A summary of published methods for detecting peanut in foods is
given with a comparison of assay formats, target analyte, and assay sensitivity. Moreover, a summary of the current
availability of commercial peanut allergen kits is presented with information about assay format, target analyte,
sensitivity, testing time, company/kit name, and AOAC validation.

Introduction
Peanut allergy affects approximately 0.8% of young children

and 0.6% of adults in the United States (Sampson 2004). Its in-
creasing prevalence has been observed in both the United States
and Europe (Sampson 1996; Grundy and others 2002; Sicherer
and others 2003) and has become a major health issue in most de-
veloped countries (Bannon and others 2000). Diagnosis of peanut
allergy generally begins with a medical history and a physical
examination, followed by a prick skin test, a fluoroenzyme im-
munoassay, or oral food challenges (Scurlock and Burks 2004).
No cure has been found for peanut allergy, and strict avoidance
of peanuts is the only way to prevent severe symptoms (Sampson
and others 2003). Although no cure has been successfully devel-
oped, several future treatments are currently under investigation
(Sampson 2004). Thus, to prevent exposure, reliable detection
and quantification methods of allergenic foods in food products
are urgently required (Poms and others 2005).
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Peanut allergens are naturally occurring peanut proteins in
peanut kernels (Taylor and others 1981; Bush and others 1989).
Until now, 8 peanut allergens (Ara h1 to h8) have been identified
and characterized (Kleber-Janke and others 1999; Bannon and
others 2000; Flicker and others 2000). To detect peanut contami-
nation in foods, highly sensitive and specific methods have been
developed. They can be classified into 2 groups: protein-based or
DNA-based assays. Protein-based assays detect either a specific
peanut allergen (Ara h1 or Ara h2) or total soluble peanut pro-
teins (Poms and others 2004). DNA-based techniques detect the
presence of allergens by amplifying a specific DNA fragment of
a peanut allergen gene through polymerase chain reaction (PCR)
(Goodwin 2004).

Arachis hypogea
Peanuts are also called groundnuts, earthnuts, and mon-

key nuts. Even though their names imply nuts, the peanut
plant (Arachis hypogea) belongs to the botanical family of
Leguminosae, which includes green peas, lentils, soybeans, and
kidney beans (Bewley and Black 1994). Peanuts are annual self-
pollinating plants and peanut pods are harvested by pulling the
pods out of the ground. Typically a pod contains 2 to 3 oval-
shaped seeds, and each seed contains 2 lobes. Peanuts origi-
nated in South America about 4000 to 5000 y ago, were ex-
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ported to Africa, and then moved to North America during the
beginning of slave trade (Saavedra-Delgado 1989). In the United
States, the most common peanut cultivars are Virginia, Spanish,
Valencia, and Runner (Koppelman and others 2001), which are
grown in Georgia, Texas, Alabama, North Carolina, Florida, Vir-
ginia, and Oklahoma. Georgia has the largest production, ac-
counting for more than 40% of all peanuts (American Peanut
Council 2005). Americans annually consume more than 1 mil-
lion tons of peanuts; about 50% is consumed as peanut butter
(Peanut Inst. 2005). In the world, the United States ranks 3rd be-
hind China and India in peanut production (Sampson 2002).

Regardless of their popularity, peanuts have 2 major safety
issues. One is contamination by aflatoxin, which is produced
by the molds Aspergillus flavus and A. parasiticus. Aflatoxin is
a carcinogen and is also linked to mental retardation (Yu and
others 2003). Fortunately, proper storage and handling meth-
ods can completely eliminate the risk of aflatoxin contamina-
tion (Boutrif 1995). The other problem is that peanut is one of
the most allergenic foods in the world. Peanut-induced anaphy-
laxis is an IgE-mediated food allergy reaction, in which IgE reacts
with peanut allergens to release messengers such as histamine. It
is estimated that peanut-induced anaphylaxis affects 1.5 million
people and causes 50 to 100 deaths per year in the United States
(Tariq and others 1996; Kanny and others 2001; Leung and others
2003).

Food Allergy Compared with Food Intolerance
Adverse food reactions can be classified into immune-related

and nonimmune-related. The American Academy of Allergy and
Immunology (AAAI) Committee on Adverse Reactions to Foods
defines food allergy as “an immunologic reaction resulting from
the ingestion of a food or food additive,” and food intolerance as
“a general term describing an abnormal physiological response
to an ingested food or food additive that is not proven to be
immunogenic” (Bindslev-Jensen and others 1994).

Food allergy, a type of external hypersensitivity, is an abnormal
immune response to food (Bruijnzeel-Koomen and others 1995).
In this type of reaction, the immune system is inappropriately
triggered by an allergen, which is a food protein or a non-amino
acid portion of a protein, such as carbohydrate (Ferguson 1992).
In addition, food allergens are naturally produced in foods and
are generally resistant to high temperature, low pH in the stom-
ach, and enzyme digestion in the gastrointestinal tract (Hefle and
others 1996). However, a recent study found that there was not
a clear relationship between digestibility in vitro and protein al-
lergenicity (Fu and others 2002). Food allergy is more common
in children than in adults. In the United States, about 3.7% of
adults and up to 6% of young children are allergic to different
foods (Sampson 2004; Sicherer and others 2004). In the United
States, cow milk (2.5%), egg (1.3%), and peanut (0.8%) account
for the majority of food allergic reactions in children, whereas
crustacean shellfish (2%), peanut (0.6%), tree nuts (0.5%), and
fish (0.4%) are responsible for most of the food allergic reactions
in adults (Sampson 2004; Sichere and Sampson 2006). Cow’s
milk, eggs, soy, wheat, peanuts, tree nuts, fish, and crustacean
shellfish cause approximately 90% of the food allergic reactions,
and they are also the primary foods causing anaphylaxis (Sicherer
and Sampson 2000). Early food allergies such as egg and milk al-
lergy are often outgrown by the age of 5 y (approximately 80%),
but certain allergies, especially peanuts, tree nuts, fish, and crus-
tacean shellfish, have low outgrowth rates (Kitts and others 1997;
Wood 2003). Most food allergic reactions are induced immedi-
ately after exposure to the allergenic food, except celiac disease,
which is caused by a deaminated gluten peptide and is a delayed-
type food allergic reaction (Type IV reaction).

Food intolerance can be the result of a genetic deficiency, drug-
induced metabolic disorder, or anaphylactoid reactions. Most
symptoms of food intolerance are similar to food allergy (Sampson
2004). However, food intolerance reactions can be delayed up to
48 h or more. An example of food intolerance caused by genetic
deficiency is lactose intolerance, which is present in up to 15%
of people of northern European descent, up to 80% of Blacks
and Latinos, and up to 100% of American Indians and Asians
(Swagerty and others 2002). The cause for lactose intolerance
is deficiency of the intestinal enzyme lactase (McNeish 1984).
Taking monoamine oxidase inhibitors (MAOI) can cause a drug-
induced metabolic disorder because MAOI can interfere with the
clearance of tyramine. A too high concentration of tyramine in
blood can induce severe headaches and increase heartbeat and
blood pressure, so people taking MAOI are instructed not to ingest
fermented foods such as cheese, olives, pickles, sausages, wine,
and beer (Jansen and others 2003). Anaphylactoid reactions are
similar to anaphylaxis since both are immediate systemic reac-
tions. However, anaphylaxis is caused by IgE-mediated immune
release of mediators, whereas anaphylactoid reactions are not
IgE-mediated but are caused by exposure to provoking agents,
such as radiocontrast agents. They are presumed to induce ana-
phylactoid reactions in susceptible persons through direct medi-
ator release from basophiles and mast cells (Anonymous 1998).

Prevalence, Threshold Dose, and Outgrowth Rate of
Peanut Allergy

Peanut allergy is characterized by more severe symptoms than
other food allergies due to its potentially fatal anaphylactic reac-
tions and the high rate of reactions on minimal contact (Houri-
hane and others 1997; Sicherer 2002). Annually in the United
States, there are about 30000 emergency-room visits for food ana-
phylaxis (Sampson 2000) and approximately one third of these
visits are due to exposure to peanuts (Sampson and Ho 1997;
Burks 2003). In an analysis of 32 fatal cases due to food anaphy-
lactic reactions, peanuts and tree nuts were responsible for more
than 90% of the fatalities (Bock and others 2001).

A study of 4374 households in the United States, representing
12032 individuals, reported that peanut allergy occurred in 0.4%
of children and 0.7% of adults (Sicherer and others 1999). In a
study with American children, the prevalence of allergic reactions
to peanuts between 1990 and 1994 was nearly twice as high
as that evaluated between 1980 and 1984 (Sampson 1996). In
France, the food allergy population is estimated at 3.24%, and the
peanut allergic population is estimated at about 1% (Kanny and
others 2001). In the United Kingdom, the peanut allergic preva-
lence was reported in about 0.5% of the general population and
the prevalence of sensitization to peanuts increased from 1.3% to
3.2% from 1989 to 1995, based on a population-based study of
3-y-olds (Emmett and others 1999). Taken together, these studies
indicated that approximately 1 in 150 to 200 individuals has a
peanut allergy in these westernized countries (Sicherer 2002).

To protect peanut allergic individuals, many studies have fo-
cused on finding the threshold dose for peanut allergic reactions
by the use of a double-blind placebo-controlled food challenge
(DBPCFC). The challenge result can be regarded as positive ei-
ther when objective symptoms (wheezing, vomiting, diarrhea,
swelling in the oral cavity, and hoarseness) occur or when sub-
jective symptoms (itching of the skin or in the oral cavity, nau-
sea, abdominal pain, and dyspnea) occur repeatedly after active
doses (Sampson 1988a). Threshold dose can be defined as the
lowest dose of peanut or peanut protein eliciting a positive re-
action (Wensing and others 2002). Therefore, the threshold dose
actually lies somewhere between the nonobserved adverse ef-
fect level (NOAEL) and the lowest observed adverse effect level

48 COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 6, 2007



Detection of peanut contamination in food products . . .

(LOAEL) (Madsen 2001). In a series of studies based on food chal-
lenge tests with 306 individuals, the lowest provoking dose was 1
mg of peanuts (Taylor and others 2002). However, in a DBPCFC
study with 26 patients, threshold doses for subjective responses
ranged from 0.1 mg up to 1000 mg of peanut proteins. In this
study, they also observed that patients with severe reactions react
to lower doses than patients with mild symptoms (Wensing and
others 2002). However, more typical doses that trigger reactions
in patients with the DBPCFC test for objective responses are gen-
erally in the range of 100 to 1000 mg of peanuts (Moneret-Vautrin
and others 1998; Sicherer and others 2000). From a summary of
published papers, the LOAEL for peanut allergens is 0.25 to 10
mg of peanut proteins (USFDA 2005). One peanut kernel weighs
approximately 800 mg (Sicherer 2002) and contains about 200
mg of proteins (Goldman 1998). Therefore, peanut allergic reac-
tions can be induced by less than 1 peanut kernel (USFDA 2005).
Besides accidental ingestion, peanut allergic reaction can also be
elicited by touching or kissing. Swelling of lips and tongue was
reported in a card player because the cards were contaminated
by peanuts eaten by fellow players (Lepp and others 2002). Occa-
sionally, peanut allergen can be introduced by kissing (Wuthrich
and others 2001; Hallett and others 2002). It was reported that 2
persons out of 1139 food-allergic patients who answered a ques-
tionnaire had peanut allergic symptoms after kissing (Eriksson and
others 2003).

The outgrowth rate is the percentage of children who stop hav-
ing allergic reactions as they grow older. Unlike egg or milk al-
lergies, peanut allergy has a low outgrowth rate. A study reported
that an evaluation of 32 patients that had a positive DBPCFC and
positive skin tests to peanuts were followed for 2 to 14 y with no
resolution of the allergy (Bock and Atkins 1989). However, more
recent studies have shown that peanut allergy can be outgrown. A
study with 223 patients reported that peanut allergy was outgrown
in 21.5% of individuals, especially individuals that had low lev-
els of peanut-specific serum IgE antibodies in their infancy (Skol-
nick and others 2001). Moreover, patients with milder reactions
had a better chance of developing tolerance than the individuals
whose 1st reaction was anaphylaxis (Spergel and Fiedler 2001).
Therefore, children with low levels of peanut-specific IgE or mild
responses to peanuts should be reevaluated periodically to de-
termine if they have developed tolerance to peanuts (Sampson
2002). Although some individuals can outgrow peanut allergy,
others did experience a recurrence of the allergy. In a study with
80 individuals, 2 had experienced subsequent reactions to peanut
after passing their challenge. Thus, a recurrence of peanut allergy
may occur but appears to be uncommon (Fleischer and others
2003).

Mechanism and Development of Peanut Allergic
Reactions

IgE and mast cells are 2 major features in peanut allergic reac-
tions. IgE is 1 type of immunoglobulin circulating in blood vessels
with the shortest half-life of all of the classes of immunoglobu-
lins (IgG, IgA, IgM, IgD, and IgE) and the lowest concentration in
serum (Harlow and Lane 1999). IgE has an extra domain in the
Fc portion that has high affinity for the receptors of mast cells and
basophils. Basophils are found in the blood while mast cells are
generally found in areas that are typical sites of allergic reactions,
including the blood vessels in connective tissue, in the lining of
the gastrointestinal tract and the lungs, and in skin (Benjamini
and Leskowitz 1991).

There are 5 steps contributing to peanut allergic reactions: anti-
gen presentation, IgE production, mast cell activation, mediator
release, and symptom exhibition. The sequence of peanut aller-

gic sensitization is shown in Figure 1. After ingestion of peanuts,
peanut allergens cross the intestinal mucosal membrane. Antigen
presenting cells (APCs) such as macrophages, dendritic cells, or
B-lymphocytes take these allergens in by endocytosis or phago-
cytosis. Once these allergens are internalized, they are degraded
into oligopeptides and bind to the major histocompatability com-
plex class II (MHC class II) to form MHC class II-peptide com-
plexes. The complexes are transferred to the plasma membrane,
where the peptides are presented to CD4+ T-helper-2 (Th-2) cells.
This stage is called antigen presentation. The interaction between
MHC class II-peptide complexes and T-cell receptors (TCR) on
the surface of Th-2 cells activates T-helper cells and stimulates the
production of lymphokines such as interleukin-4 (IL-4) to activate
B-cells. The activated B-cells begin proliferation, differentiation,
and IgE synthesis. Newly synthesized IgE antibodies are secreted
into the blood stream and then bind to receptors on mast cells
or basophils (Wraith and others 1989; De Vries and others 1991;
Romagnani 1991). After a peanut allergic person is re-exposed to
peanut, peanut allergens bind to the surface of mast cells through
the prebound IgE molecules. Because each allergen has more than
1 epitope (the site that is recognized by antibodies), 1 allergen
can bind several different IgE antibodies, thereby cross-linking
IgE antibodies and instantly triggering degranulation inside mast
cells. This step is called the mast cell activation. The degran-
ulation reaction releases mediators and thus starts the peanut
allergic symptoms (Lehrer and others 1996; Taylor and Lehrer
1996). The released mediators can be classified into 2 groups.
One group is the preformed mediators such as histamine, which
is formed by decarboxylation of histidine and can cause smooth
muscle constriction or an increase in the vascular permeabil-
ity. The other group of mediators is newly synthesized mediators
such as prostaglandins and leukotrienes, and they are chemotac-
tic for neutrophils, eosinophils, basophils, and monocytes. The
production of this group is based on the conversion of phospho-
lipids of cellular membranes. Leukotrienes can cause prolonged
constriction of smooth muscle; while prostaglandins can cause
bronchoconstriction (Lehrer and others 1996; Taylor and Lehrer
1996).

Peanut can induce allergic reaction immediately with a vari-
ety of symptoms (Sicherer and others 2001b; Sampson 2002). In a
study with 662 self-reported peanut allergic cases, peanut allergic
reactions can be provoked within 5 min for 76% of individuals
and within 30 min for 93% of individuals (Hourihane and others
1997). The allergic symptoms occur throughout the body, from
the minor symptoms such as itching tongue or abdominal pain
to severe systematic reactions (anaphylaxis), including tightening
of the airways, a drop of blood pressure (hypotension), loss of
consciousness, or even death (Benjamini and Leskowitz 1991).
In a study with 4685 peanut allergic individuals, it was observed
that the median age of a 1st reaction was 14 mo with the follow-
ing distribution of organ systems affected: skin 89%, respiratory
42%, gastrointestinal 26%, and cardiovascular 4%. About half
the individuals have allergic reactions in 1 target-organ system,
30% have symptoms in 2 systems, 10% to 15% in 3 systems, and
1% in 4 systems (Sicherer and others 2001b).

Two possible early life origins of peanut allergy are in utero ex-
posure and breast milk (Frank and others 1999). Most peanut aller-
gic individuals react to their 1st exposure to peanuts (Hourihane
and others 1997), implying sensitization may have occurred by
in utero exposure to peanut. Therefore, the avoidance of peanuts
during pregnancy is recommended. In a study with 23 mothers,
a low median concentration of 200 ng/mL of peanut protein was
detected in the breast milk of 11 of 23 mothers who consumed
50 g of peanuts (Vadas and others 2001). Since infants may get
peanut allergens through breast milk, maternal dietary restriction
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Figure 1 --- The 1st 4 steps in initiating a peanut allergic reaction (Benjamini and Leskowitz 1991; Kay 2001; Lehrer
and others 2002; Merz 2003; Bohle 2004)

to peanuts during breastfeeding is highly recommended. In addi-
tion, because of the immaturity of the immune system for fetuses
and infants, food allergies are likely to develop in the 1st few years
of life (Sampson 1999a). Moreover, a lower incidence of peanuts
allergy was observed in countries such as Denmark and Nor-
way, where peanut butter is rarely eaten (Sampson 2002). There-
fore, to prevent the development of peanut allergy, the American
Academy of Pediatrics recommends not adding peanuts to the
diet until a child is 3 y old (Zeiger 2003).

In addition to the exposure to peanuts, the development of
peanut allergy is also dependent on the way peanuts are pre-
pared (Beyer and others 2001). Peanut allergy normally is im-
plied as a disease of developed countries where people usu-
ally consume roasted peanut (Hourihane 2002). In contrast,
peanut allergy is less prevalent in China, where people con-
sume similar volumes of peanuts, because peanuts are boiled
or fried, and not roasted. Roasting could increase the levels of
advanced glycation end (AGE) products, which are more resis-
tant to acid degradation and have a positive association with in-
creased allergenicity of roasted peanuts (Chung and Champagne
2001; Mondoulet and others 2005). On the other hand, boil-
ing caused a two-fold decrease in allergenicity of peanuts pos-
sibly due to a removal of low-molecular-weight allergens from
peanuts into the water during cooking (Mondoulet and others
2005).

Diagnosis of Peanut Allergy
The clinical expression of peanut allergy is fairly predictable

since it has a tendency to be severe, although the severity may be
different with individuals and doses of ingestion (Hourihane and
others 1997; Al-Muhsen and others 2003). The methods for di-
agnosing peanut allergy include differential diagnosis, laboratory

tests, and oral food challenges (Sampson 1999b; Sicherer 1999).
Differential diagnosis, the 1st approach, analyzes a patient’s med-
ical history and involves a physical examination. It distinguishes
food allergy from food intolerance or other illnesses based on the
suspected mechanisms determined by the symptoms, the tim-
ing of reactions, and the food suspected of causing the reactions
(Sampson 1999b). To confirm the result of differential diagnosis,
a laboratory examination or a clinical procedure would be the
next step.

For peanut allergy diagnosis, the prick skin test (PST) is a
common clinical procedure, while a fluoroenzyme immunoas-
say (Pharmacia ImmunoCAP-FEIA) is a frequently used labora-
tory examination. In the PST, peanut extracts, positive control
(histamine), and negative control (saline) are applied by the prick
technique (Bock and others 1978). When the elicited wheals are
at least 3 mm larger than those induced by negative controls, they
are considered positive. The accuracy of positive PST results is
less than 50%, but the accuracy of negative PST results is greater
than 95% (Sampson and Albergo 1984; Sampson 1988b). The
2nd examination, ImmunoCAP-FEIA, measures peanut-specific
IgE in the patient’s serum (Al-Muhsen and others 2003). Peanut
allergens are coated onto a solid matrix and then exposed to a
serum sample. If a patient’s serum has IgE against peanut aller-
gens, they bind to the immobilized peanut allergens and can be
detected by a labeled secondary antibody specific to human IgE.
Even though ImmunoCAP-FEIA is generally less sensitive than
PST, the accuracy of positive ImmunoCAP-FEIA is around 100%.
Patients with peanut-specific IgE levels of at least 15 kUA/L have
a probability of developing allergic reactions of 95% or greater
if they ingest peanuts (Sampson 2001a, 2002). If patients have
acute allergic responses after exposure to peanuts and positive
results from the PST or ImmunoCAP-FEIA test, they do not need
to undergo an oral peanut challenge to establish the diagnosis.
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In the case where a conclusive diagnosis is impossible, the oral
peanut challenge is required.

Oral food challenges can be classified into 3 types: openly
performed (patient and health professional know the challenge
content), single-blind (only the health professional knows the
challenge content), or double-blind and placebo-controlled food
challenges (health professional and patient do not know the chal-
lenge content). DBPCFC is the “gold standard” for diagnosis of
food allergies since it is the most rigorous and least subjective
method (May 1976; Bock and others 1988). If the response to
DBPCFC is positive, peanut is confirmed as an allergic food and
should be avoided. If the DBPCFC response is negative, the pa-
tient has tolerance to peanuts and peanuts can be reintroduced
(Al-Muhsen and others 2003). Because there is a risk of induc-
ing severe anaphylactic reactions, the oral challenge must be
performed in a hospital with appropriately trained profession-
als and access to emergency care and medications (Hamilos
and others 1993). If the patient has a history for very severe
reactions to peanuts, the challenge tests might not always be
performed.

Management: Avoidance and Treatments
The management of peanut allergy includes strict avoidance of

peanut allergens, recognition of the signs of allergic reactions,
and emergency treatments (Al-Muhsen and others 2003). The
most important step for avoidance is to check food labels for
the presence of peanuts, and it is the most common treatment
approach. Allergic individuals also need to avoid high-risk situ-
ations when eating outside of the home, such as school, restau-
rants, and relatives’ or friends’ homes. In schools, 25% of the reac-
tions were severe and most reactions were caused by food sharing
or parties/special occasions (Sicherer and others 2001a). Among
restaurants and food establishments, allergic reactions more com-
monly occur in bakeries, ice cream shops, and Asian restaurants
(Furlong and others 2001). Normally peanut was a hidden in-
gredient in sauces, stews, dressing, or unlabeled/unspecific food
ingredients such as spices or natural flavorings (Sicherer 2002).
Minute amounts of peanut in food can result from contaminated
cooking utensils, direct or indirect contact between foods, and
inhaled fumes during cooking (Kemp and Lockey 1996). Sev-
eral foods have been related to causing anaphylaxis in peanut
allergic patients: candy, chocolate products, cookies, chili, dry
soup mixtures, pasta, sandwiches, Vietnamese dishes (Hefle and
others 1994b; McKenna and Klontz 1997; Sampson and others
2002). Moreover, in most food factories different products are
manufactured with various ingredients and sometimes run on the
same production line. Therefore, it is hard to eliminate the risk of
cross-contamination completely among different products (Kien-
ing and others 2005). Other reasons for cross-contamination of
peanut-free products include contaminated raw materials, com-
mon transport containers for peanuts and other foods, unsafe
rework-management, and insufficient sanitation (Schappi and
others 2001). It is estimated that fewer than 15% of peanut aller-
gic persons are reactive to other members of the legume family,
such as soybean, pea, and chickpea. However, 25% to 35% of
peanut allergic individuals can react to the tree nut family, such
as almonds, walnuts, brazil nuts, cashews, hazel nuts, and pista-
chios. Thus, individuals normally allergic to peanuts are advised
to also completely avoid tree nuts (Sicherer and others 1998; de
Leon and others 2003). The basis for the cross-reactivity is poorly
understood.

Potential factors for developing peanut allergy include atopy,
family history of peanut allergy, and parental maternal consump-
tion of peanuts (Hourihane and others 1996). Therefore, pregnant
women or nursing mothers from families with a history of atopy

should avoid eating peanuts. In addition, infants should avoid
consumption of peanuts and peanut oils (Moneret-Vautrin and
others 1994), use of maternal breast creams containing peanut
oil (Lever 1996), and consumption of soy milk or formula (Zim-
merman and others 1989). However, not all of these risk factors
have been consistently reproduced in the development of peanut
allergy (Tariq and others 1996; Klemola and others 2005).

Severe allergic reactions sometimes are hard to avoid. Once
the symptoms of anaphylaxis start, the best treatment is an imme-
diate injection of epinephrine, followed by professional medical
treatment (Stark and Sullivan 1986; Sampson 2003). Epinephrine
is a synthetic form of adrenaline. It is effective for the cardiovas-
cular and respiratory systems by rapidly constricting the blood
vessels, relaxing the smooth muscles in the airway and lungs
to improve breathing, and stimulating the heartbeat. Since the
sooner a person receives epinephrine the better the chance for
survival, individuals with an anaphylaxis history should always
carry an epinephrine auto-injector (Genasi 2001; Ellis and Day
2003). Persons who have peanut allergic reactions that require
the use of epinephrine should always go to a local emergency
room in case they have persistent biphasic response (a recurrence
of anaphylactic reactions) (Sampson 2002). Around 25% of pa-
tients will experience a biphasic response and 90% of biphasic
responses occur within 4 h after the 1st symptom (Sampson and
others 1992). For reducing mild allergic symptoms, individuals
can take antihistamine, which is the most common medication
for suppressing symptoms by preventing the release of histamine
(King 2000).

Unlike immunotherapy for seasonal allergies, also known as
spring allergies or rose fever, injection of peanut extracts has an
unacceptable risk of inducing life-threatening anaphylaxis. Be-
cause of recent advances in understanding the mechanisms of
allergic reactions and the characteristics of allergens, 6 differ-
ent potential therapies have been under investigation (Burks and
others 2004; Nowak-Wegrzyn and Sampson 2004; Li 2005). The
first, anti-IgE immunotherapy, is based on blocking the recogni-
tion between human IgE antibody and mast cells or basophils by
monoclonal antihuman peanut-specific IgE antibody. This block-
ing inhibits allergic reactions in the early stages and can efficiently
stop allergic symptoms before they start (Sampson 2001b). In a
recent study with 84 peanut allergic patients, a significant num-
ber of patients receiving the highest dose of anti-IgE antibody for
4 mo had a significant decrease in their clinical symptoms on
peanut challenges (Leung and others 2003). It is the only therapy
that has progressed to human trials. The second, mutated pro-
tein immunotherapy, uses engineered major allergens, in which
the IgE binding sites have been changed by altering the primary
amino acid sequence. For example, mutant Ara h2 presented a
less allergenic reaction to peanut specific IgE serum, compared
to native Ara h2 (Stanley and others 1997). In animal studies with
peanut allergic mice, engineered recombinant peanut allergens
(Ara h1, Ara h2, and Ara h3) reduced the peanut-specific IgE level
and their clinical symptoms on peanut challenge (Li and others
2003). The third, DNA immunization, is a method of therapy
that introduces DNA-encoding peanut protein. This approach re-
sults in endogenous production of allergenic proteins, which may
result in intolerance instead of allergenicity (Spiegelberg and oth-
ers 1997). In a study with peanut allergic mice, oral allergen-gene
immunization using DNA nanoparticles synthesized by complex-
ing Ara h2 plasmid DNA with chitosan reduced clinical symp-
toms on peanut challenge, levels of IgE, plasma histamine, and
vascular leakage (Roy and others 1999). The fourth, immuniza-
tion with immunostimulatory sequences (ISS), is based on the
capability of ISS to stimulate APCs and natural killer cells to se-
crete IFN-r and IL-12, promoting immune deviation from the al-
lergic Th2 phenotype to the tolerant Th1 phenotype (Chu and
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others 1997). The fifth, peptide immunotherapy, is an approach
that uses pepsin-digested peanut extract. The results of this study
demonstrated that pepsin-digested extract contained T-cell epi-
topes instead of IgE-binding epitopes, since IgE reactivity was
eliminated but T-cell reactivity was maintained (Hong and oth-
ers 1999). The 6th and last therapy, traditional Chinese medicine
(TCM), has been applied to treat peanut allergic mice with 2 food
allergy herbal formulas (FAHF). FAHF-1 contains a mixture of
11 herbs (according to the package, Ganoderma Lucidum, Radix
Lateralis Aconiti Carmichaeli Praeparata, Fructus Pruni Mume,
Pericarpium Zanthoxyli Bu, Herba Cum Radice Asari, Rhizoma
Coptidis, Cortex Phellodendri, Rhizoma Zingiberis Officinalis,
Ramulus Cinnamomi Cassiae, Radix Ginseng, and Corpus Radix
Angelicae Sinensis) and protected peanut-sensitized mice from
anaphylactic reactions (Li and others 2001). FAHF-2, a modified
formula of FAHF-1, from which 2 herbs (Radix Lateralis Aconiti
Carmichaeli Praeparata and Herba Cum Radice Asari) were elim-
inated, could completely eliminate anaphylaxis in peanut aller-
gic mice on peanut challenges for as long as 5 wk posttherapy
(Srivastava and others 2005). Since it is hard for total avoidance
of exposure to peanuts, these future immunotherapies bring real
hope to the treatment of IgE-mediated allergies (Nowak-Wegrzyn
and Sampson 2004).

Peanut Allergens: Ara h1 to h8
Food allergens can be grouped into major and minor aller-

gens. Major allergens are proteins that can interact with specific
IgE of more than 50% of the allergic patients studied (Fu and
others 2002). Generally, many major food allergens belong to
major food proteins. This suggests that a high dose of a particular
food protein increases the chance of inducing an allergic reac-
tion (Lehrer and others 2002). This observation can be applied
to peanut allergy since 2 major peanut allergens, Ara h1 and Ara
h2, are also major peanut proteins and comprise 12% to 16%
and 5.9% to 9.3% of total peanut protein content, respectively
(Koppelman and others 2001). Both major peanut allergens have
a highly stable nature (Maleki and others 2000b; Sen and others
2002; Mondoulet and others 2005) and more than 95% of peanut
allergic individuals had specific IgE to Ara h1 or Ara h2 (Scurlock
and Burks 2004). Other peanut allergens (Ara h3 to h8) are con-
sidered as minor allergens due to their lower sensitizing rate in
peanut allergic individuals. Eight different peanut allergens have
been identified, cloned, and expressed, and their basic charac-
teristics are listed in Table 1 (Bannon and others 2000). On the
basis of biological functions, most of the peanut allergens, besides
Ara h5 and Ara h8, are classified as seed-storage proteins. The
Ara h5 allergen is classified into the profilins, which are 12-kDa
to 15-kDa monomeric actin-binding proteins regulating the actin
cytoskeleton in plant cells (Breiteneder and Ebner 2000). The
Ara h8 allergen has not been classified but its protein sequence

Table 1 --- Peanut allergens

Allergen M.W. pI Biological function Protein family Sensitization (%)a

Ara h1 63.5 kDa 4.55 Seed storage protein Vicilins 65 to 100
Ara h2 17 kDa 5.2 Seed storage protein Conglutins 71 to 100
Ara h3 57 kDa 5.5 Seed storage protein Glycinins 44 to 53
Ara h4 35.9 kDa 5.5 Seed storage protein Glycinins 44 to 53
Ara h5 14 kDa 4.6 Actin-binding protein Profilins 13
Ara h6 14.5 kDa 5.2 Seed storage protein Conglutins 38
Ara h7 15.8 kDa 5.6 Seed storage protein Conglutins 43
Ara h8 16.9 kDa 5.03 NA NA NA

NA = not available.
aThe percent of peanut allergic population.

alignment presented a 45.9% identity with Bet v 1 (Mittag and
others 2004), which is a birch pollen allergen and a member of
pathogenesis-related protein 10 (PR-10) (Breiteneder and Ebner
2000).

Ara h1 is a glycoprotein with a molecular weight of 63.5 kDa
and an isoelectric point (pI) of 4.55 (Burks and others 1991).
Ara h1 has a signal peptide and a single glycosylation addition
site (NAS: asparagine, alanine, serine) at amino acid position
521 to 523. By performing the DNA sequence analysis, it was
found that Ara h1 has significant homology with the vicilin seed
storage protein family (Burks and others 1995), which belongs
to the cupin superfamily possessing a common β-barrel struc-
ture (Mills and others 2002). In addition, Ara h1 is classified as
a conarachin since it was purified from the 40% to 85% frac-
tion of ammonium sulfate saturation (Helm 2001). Moreover, Ara
h1 interacts with itself to form a stable trimeric structure (Shin
and others 1998). This homo-trimer are able to form in the pres-
ence of 1.8 M NaCl, indicating the formation and stability of the
Ara h1 trimer are primarily based on hydrophobic interactions
(Maleki and others 2000b). The frequency of sensitization by Ara
h1 can be up to 100% of peanut allergic patients (Burks and
others 1991; Clarke and others 1998; Kleber-Janke and others
1999). Additionally, no difference in IgE-binding ability between
Ara h1 from raw and heated peanuts was observed, indicating
that heating did not significantly affect the allergenicity of Ara
h1 (Koppelman and others 1999). Ara h1 also maintained its al-
lergenicity not only after heating but also after digestion with
pepsin, trypsin, or chymotrypsin, since 5 to 8 IgE binding frag-
ments of Ara h1 were detected after the reactions (Maleki and
others 2000b). Ara h1 contains 23 linear IgE-binding epitopes.
Among them, epitopes 1, 3, 4, and 17 are immunodominant, and
a single amino acid change within these peptides had dramatic ef-
fects on IgE-binding characteristics (Burks and others 1997). Even
though the IgE-binding epitopes had more even distribution in the
primary structure, they were located in 2 main regions, which
are the overlapping regions between monomers (Shin and others
1998).

Ara h2 is another major peanut allergen and also is a glyco-
protein with a molecular weight of 17 kDa and a pI of 5.2 (Burks
and others 1992). A clone of Ara h2 with 741 bp was constructed
and was capable of encoding a 17.5-kDa protein with homol-
ogy to the conglutin family of seed storage proteins (Stanley and
others 1997). The 3-dimensional models for Ara h2 and other
structurally related 2S albumin allergens of dietary nuts demon-
strated that an overall 3-dimensional fold was stabilized by disul-
fide bridges, which were well conserved among all the members
of the 2S albumin superfamily. However, Ara h2 showed no struc-
tural homology for the IgE binding epitopes with Jug r 1 (walnut),
Car i 1 (pecan), or Ber e 1 (Brazil nut) (Barre and others 2005). To
study the effect of glycosylation on allergenicity of Ara h2, thermal
treatment (about 50 ◦C) with carbohydrates (fructose, glucose,
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arabinose, mannose, xylose, galactose, or dextrose) for various
times (1 to 5 wk) was performed, and significant increases in the
IgE-binding activity was observed for both purified Ara h2 and
recombinant Ara h2 (rAra h2). These data indicate that thermal
processing may play an important role in enhancing the aller-
genicity of Ara h2 and rAra h2 (Maleki and others 2000a, 2003;
Chung and Champagne 2001; Maleki 2004; Gruber and others
2005). A study of the heat effect on Ara h2 allergenicity indi-
cated that IgE immunoreactivity of purified Ara h2 prepared from
roasted peanuts was higher than that of purified Ara h2 from raw
and boiled peanuts (Mondoulet and others 2005). The frequency
of sensitization by Ara h2 for peanut allergic individuals is up to
100% (Burks and others 1992; Clarke and others 1998; De Jong
and others 1998; Kleber-Janke and others 1999). Additionally,
10 IgE-binding epitopes were mapped from the primary amino
acid sequence of Ara h2, and among them, 3 immunodominant
epitopes (amino acids 27 to 36, 57 to 66, and 65 to 74) were iden-
tified. Moreover, mutational analysis of Ara h2 epitopes showed
that single amino acid changes result in the loss of IgE-binding
(Stanley and others 1997).

Ara h3 was identified as the 3rd peanut allergen with molec-
ular weight of 57 kDa. The amino acid sequence of Ara h3
shows homology to 11S seed-storage proteins (Rabjohn and oth-
ers 1999), which are typically synthesized as 60-kDa preproglob-
ulins (Staswick and others 1981). After cleavage by endopepti-
dase, the preproglobulins become an NH2-terminal acidic chain
and a COOH-terminal basic chain, which later are linked by a
disulfide bridge and then assembled into hexameric oligomers
(Barton and others 1982; Ereken-Tumer and others 1982). Even
though the recombinant Ara h3 (rAra h3) had the calculated
molecular weight of 57 kDa (Rabjohn and others 1999), Ara h3
appeared as a 14-kDa molecule on immunoblots with IgE serum
from peanut-hypersensitive individuals (Eigenmann and others
1996). These molecular weight differences are due to the pro-
teolytic cleavage because the isolated fragments of purified Ara
h3 had various molecular weights from 14 to 45 kDa, indicating
that Ara h3 is posttranslationally processed (Koppelman and oth-
ers 2003). The rAra h3 was recognized by about 45% of serum
IgE from peanut allergic individuals and 4 IgE-binding epitopes
were found with no obvious sequence motif shared (Rabjohn and
others 1999). Within these peptides, a single amino acid change
could reduce IgE binding to about 35% to 85% in comparison to
IgE binding to the wild type. Since the modified Ara h3 retained
its ability to stimulate T-cell activation, this recombinant allergen
may be applied to the mutant allergen immunotherapy (Rabjohn
and others 2002).

Ara h4 was cloned and identified with an estimated molecular
weight of 61 kDa and an isoelectric point of 5.2. The recombinant
form of Ara h4 was recognized by serum IgE from 53% of peanut
allergic individuals (Kleber-Janke and others 1999). Both aller-
gens, Ara h3 (Rabjohn and others 1999) and Ara h4 (Kleber-Janke
and others 1999), were identified and cloned independently by
2 different research groups around 1999. A homology search in-
dicates 91.3% amino acid identity between Ara h3 and Ara h4,
so Ara h3 and Ara h4 are considered to be the same allergens
(Koppelman and others 2003; Boldt and others 2005).

Ara h5 was predicted to be a protein of 131 amino acids with
a calculated molecular weight of 14 kDa and a calculated pI of
4.6. It is highly homologous to plant profilins. The frequency of
sensitization by Ara h5 to 40 peanut sensitized individuals was
detected as only 13%. This low sensitization frequency indicated
that profilin may not be an abundant protein within peanut seeds
(Kleber-Janke and others 1999). Profilin is a highly conserved 12
to 15 kDa actin-binding protein found in all eukaryotic cells (Mills
and Shewry 2004) and is a prominent cross-reactive allergen in
birch pollen, grass, and wheat (Valenta and others 1992; Kleber-

Janke and others 2001). Ara h5 shows 76% amino acid identity
to the Phleum pratense (grass) profilin and 83% identity to the
soybean profilin. Thus, patients allergic to peanuts may react to
profilins from birch or grass pollen (Pastorello and others 1997).
The coding region of Ara h6 has 375 nucleotides, a predicted
protein of 124 amino acids with a calculated molecular weight of
14.5 kDa and an estimated pI of 5.2. The coding region of Ara h7
has 408 nucleotides and is predicted as a protein of 15.8 kDa with
pI of 5.6. Both allergens show similarities to amino acid sequences
of proteins from the conglutin family of seed storage proteins. Ara
h6 and Ara h7 show 59% and 35% amino acid sequence identity
to Ara h2, respectively. However, these 2 allergens reveal only
35% amino acid sequence identity to each other. Therefore, they
are not isoforms. The frequency of sensitization of Ara h6 and Ara
h7 to 40 peanut-sensitized individuals was detected as 38% and
43%, respectively (Kleber-Janke and others 1999). In addition,
the homology of Ara h6 to Ara h2 was located in the middle
part and at the C-terminal part of Ara h6 (Koppelman and others
2005). A recent study found that Ara h6 could still be detected
after 120 min of pepsin digestion and after 40 min of heating in
the presence of sugar, butter, and wheat flour (Suhr and others
2004).

Ara h8 is cloned with a 471-bp open-reading frame coding a
protein of 157 amino acid residues with a predicted molecular
weight of 16.9 kDa and an estimated pI of 5.03. It has IgE cross-
reactivity with Bet v1, which is the major birch (Betula verrucosa)
pollen antigen and the main cause of IgE-mediated allergies ob-
served in early spring (Flicker and others 2000). These 2 allergens
share 45.9% identity in their amino acid sequence and show sec-
ondary structure similarities by means of far-UV CD spectroscopy.
The IgE cross-reactivity between Ara h8 and Bet v1 suggested that
birch pollen allergy may be associated with peanut allergy and
the primary sensitization to birch pollen through the respiratory
tract may be another way for peanut allergy to develop (Mittag
and others 2004).

Detection Methods for the Presence of Peanuts
Due to the heavy use of peanut-containing foods, improper

labeling, or peanut contamination in raw materials or in produc-
tion lines, traces of peanuts may exist in foods supposedly free
of peanuts. This fact poses a potential risk for peanut allergic
individuals (Koppelman and others 1996; Whitaker and others
2005). Therefore, reliable detection methods for peanut allergens
are necessary for ensuring the compliance of food labeling and
for improving consumer protection. However, the detection of
allergens in food can be very difficult, since allergens are often
present in trace amounts and can be masked by the food matrix
(Poms and others 2004). There is general agreement that the de-
tection limits for allergens in different foods must be between 1
and 100 mg/kg (Koppelman and others 1996). Besides sensitiv-
ity, specificity is another requirement for developing an assay for
detecting food allergens (Krska and others 2004).

Several analytical techniques have been applied to the detec-
tion of hidden peanut proteins/allergens. They target either the
peanut proteins or the DNA fragments encoding peanut aller-
gens. Therefore, these techniques can be divided into 2 cate-
gories: protein-based methods and DNA-based methods (Kop-
pelman and others 1996). Protein-based methods can detect
either total peanut proteins or a specific peanut allergen. The
methods in this category include dot immunoblotting (Blais and
Phillippe 2000; Schappi and others 2001; Koch and others
2003), rocket immuno-electrophoresis (RIE) (Malmheden Yman
and others 1994; Holzhauser and others 1998), enzyme-linked
immunosorbent assay (ELISA) (Hefle and others 1994a; Yeung
and Collins 1996; Holzhauser and Vieths 1999; Pomes and others
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2003, 2004; Stephan and Vieths 2004; Kiening and others 2005),
radioallergosorbent assay (RAST) (Yunginger and others 1983), ra-
dioimmunoassay (RIA) (Keating and others 1990), dip stick assay
(Mills and others 1997; Stephan and others 2002), lateral-flow
immunoassay (LFIA) (Wen and others 2005a, 2005b), and mass
spectrometry (LC/MS/MS) (Shefcheck and Musser 2004). Among
them, dot immunoblotting, dip stick assay, RIE, and LFIA give
only qualitative or semiquantitative results, while ELISA, RAST,
RIA, and LC/MS/MS are quantitative methods (Poms 2004). The
dipstick format uses 1 to 3 successive steps with an overall assay
time of 30 min to 3 h; while LFIA only uses 1 step with an as-
say time of 5 to 10 min (Krska 2004). RIE requires laborious gel
preparation and immuno-staining procedures so it is not widely
applied in allergen detection (Besler and others 2002). Immuno-
analytical methods are mostly chosen according to the specificity
and sensitivity of antibodies. They have been used in food indus-
try and research laboratories and government facilities to detect
and quantify the presence of allergens in foods (Poms and others

Table 2 --- Noncommercial assays for the detection of peanuts

Format Antibody Antigen LOD References

I. Protein-based assays

Radioallergosorbent
assay

Human IgE Peanut allergens 0.3% to 3.3% peanut butter in
sunflower butter

Yunginger and others
(1983)

Radioimmuno
inhibition assay

Human IgE Peanut allergens 87.5 mg/kg peanut Keating and others (1990)

Rocket immuno-
electrophoresis

Antisera Peanut proteins (1) 30 mg/kg, (2) 10 mg/kg peanut
in chocolate

(1) Malmheden Ymab and
others (1994), (2)
Holzhauser and others
(1998)

Dip stick assay P-Ab Ara h1 0.01% peanut in marzipan 0.1%
peanut in chocolate

Mills and others (1997)

Antisera Peanut proteins 10-ppm peanuts in milk chocolate
and semisweet chocolate

Stephan and others (2002)

Immunoaffinity
column with ELISA

Peanut proteins 0.1-mg/kg peanut protein in
chocolate

Newsome and others (1999)

Dot immunoblotting Human IgE Peanut allergens 50 mg/kg to 1% peanut in cereal,
cookies, and cakes

Schäppi and others 2001

Egg IgY Peanut proteins 0.1-mg/kg peanut protein in cookies,
chocolate, ice cream

Blais and others (2003)

Competitive ELISA Antisera Peanut proteins (1) 0.4 mg/kg, (2) 2-mg/kg peanut
protein in various food products

(1) Yeung and others
(1996), (2) Holzhauser
and others (1999)

Sandwich ELISA P-Ab Partial purified Ara h1 0.1-mg/kg peanut in processed food Koppelman and others
(1996)

Antisera Peanut proteins 10-ppm peanut in milk chocolate and
semisweet chocolate

Stephan and others (2004)

M-Ab Peanut proteins 40 μg/mL peanut proteins in vanilla
ice cream

Hefle and others (1994a)

M-Ab Ara h1 0.2% peanut in cookie and pancake
mix 16.6% peanut in chocolate

Pomes and others (2003)

M-Ab Ara h1 0.16 to 0.33% peanut in chocolate Pomes and others (2004)
M-Ab with P-Ab Peanut proteins 0.2 to 0.8-mg/kg peanut in various

food products
Kiening and others (2005)

LC/MS/MS Ara h1 10-mg/kg peanut protein in vanilla
ice cream

Shefcheck and others
(2004)

Lateral flow assay P-Ab Ara h1 0.45 μg/mL Ara h1 in buffer Wen and others (2005)
P-Ab Ara h1 158-mg/kg peanuts in dark chocolate Wen and others (2005)

II. DNA-based assays

Real-time PCR Ara h2 <2-mg/kg roasted peanut powder in
a biscuit

Hird and others (2003)

Ara h2 <10-mg/kg peanuts in processed
food

Stephan and others (2004)

P-Ab = polyclonal antibody; M-Ab: monoclonal antibody.

2004). The DNA-based assays for detecting peanuts are based
on the amplification of a specific DNA segment by polymerase
chain reaction (PCR). Most of the DNA-based assays have used
Ara h2 as the target analyte and real time as the assay format (Hird
and others 2003; Stephan and Vieths 2004). Table 2 summarizes
the noncommercial protein-based and DNA-based assays from
peer-reviewed journals.

Most protein-based assays belong to immunoassays and are
based on interactions between the antibody and antigen. Thus,
selecting a proper source of antibody is the crucial step. Serum IgE
from sensitized patients was the 1st source of antibodies (Keating
and others 1990). Even though the IgE molecules from peanut
allergic patients can specifically characterize peanut allergens,
it also has got several problems. For ethical reasons, it could not
be applied to any commercial assays, and it has a high degree of
variation due to individuality of patients. Therefore, in commer-
cial products and recent studies, polyclonal antibodies (IgG) from
rabbit, sheep, or goat, and monoclonal antibodies from mice have
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replaced IgE for the assay development. On the basis of the types
of analytes, the protein-based assays for detecting peanuts can
be further divided into 2 groups: protein assay and allergen assay
(Krska and others 2004). The allergen assays specifically target
peanut allergens, while the protein assays detect entire peanut
proteins. Thus, the protein assays can detect the more abundant
peanut proteins at low levels. Among the protein-based assays,
ELISA is the most frequently used technique due to its high preci-
sion, easy handling, and good potential for standardization (Poms
and others 2004).

DNA-based methods have been applied to detecting the DNA
fragments of a specific peanut allergen. Until now, only Ara h2 has
been applied in the DNA-based assays for the detection of peanut
allergens. Although DNA-based methods are compromised by ex-
treme fragmentation of DNA and the presence of PCR inhibitors
in food matrices, it is a promising detection method due to its low
limit of detection (Holzhauser and others 2002). Another advan-
tage of this type of method is that the DNA sequence does not
change following geographical and seasonal variations, which
may change protein composition (Poms and others 2004). More-
over, the target DNA can be efficiently extracted under harsh
denaturing conditions and is less affected than proteins by the
extraction from food matrices. However, DNA-based assays de-
tect the gene of allergens instead of the allergens, so results can-
not be tied to actual allergenic exposure. Other disadvantages of
DNA-based assays are the higher cost for materials and equip-
ment and complicated procedures that make them hard to use
inside a processing facility.

Many factors can impair the assay sensitivity in detection and
especially in quantification of peanut allergens in food products.
The 1st factor is the recovery of peanut from highly processed
material (Koch and others 2003; Poms and others 2003). A lower
recovery of peanut from foods can result in a lower assay sen-
sitivity (and a possible false negative result). The 2nd factor is

Table 3 --- Commercial peanut test kits

Screening/ Testing AOAC

Test kit Target Format quantification Sensitivity time Company validation

I. Protein-based methods --- enzyme-linked immunosorbent assay

Alert Peanut proteins Sandwich Screening 5 ppm 30 min Neogen No
Veratox Peanut proteins Sandwich Quantification 2.5 ppm 30 min Neogen Yes
RIDASCREEN peanut Peanut proteins Sandwich Quantification 2.5 ppm 90 min R-Biopharm No
RIDASCREEN FAST peanut Peanut proteins Sandwich Quantification 1.5 ppm 30 min R-Biopharm Yes
BioKits peanut Ara h1 Sandwich Quantification <0.1 ppm 75 min Tepnel Yes
Peanut residue Ara h2 Sandwich Screening 1 ppm 30 min Elisa System No
Peanut visual immunoassay Sandwich Quantification 0.5 ppm 120 min Tecra No
Single-Aller-Gene c© Peanut

ELISA
Ara h1 NA NA <2.5 ppm NA Eurofins Scientific No

Peanut DiagnoKit Major allergens Competitive Quantification NA 95 min Abkem Iberia No
II. Protein-based methods --- lateral flow assay

Reveal Peanut proteins Sandwich Screening 5 ppm 10 min Neogen No
BioKits rapid peanut Ara h1 Sandwich Screening 5 ppm 10 min Tepnel No

III. DNA-based methods

Single-Aller-Gene c© DNA
tests Peanut PCR

NA NA NA 12 ppm NA Eurofins Scientific No

Multi-Aller-Gene c©
Multi-Allergen Screening
Test Peanut PCR

NA NA Screening 6 ppm NA Eurofins Scientific No

Surefood Peanut
PCR-ELISA

NA PCR-ELISA NA 10 to 50 ppm 4 to 6 h R-Biopharm No

Surefood Peanut
Real-Time-PCR

NA Real-Time-PCR NA 10 to 50 ppm 60 min R-Biopharm No

NA = not available.

food matrix interferences, such as tannins in chocolate. The lit-
erature has indicated that the determination of peanut in choco-
late can be problematic (Mills and others 1997; Hurst and others
2002). The 3rd factor is the processing condition (such as temper-
ature/time profiles for oil or dry roasting of peanuts). Generally,
denatured proteins have lower solubility (Poms and others 2002).
Finally, differences in antibody affinity/recognition of peanut pro-
teins from different species and geographical origin may also af-
fect the assay sensitivity (Keck-Gassenmeier and others 1999).

The currently available commercial peanut test kits are sum-
marized in Table 3. The formats of these protein-based assays
for peanut test kits can be divided into 2 types: ELISA and lateral-
flow assay. Moreover, the targets for commercial kits can be either
peanut proteins or one of the major peanut allergens (Ara h1 or
Ara h2). The limit of detection (LOD) for ELISA kits is normally
less than 5 mg/kg (ppm) and that for lateral-flow assay kits is
higher than 5 mg/kg (depending on the food matrix). The testing
time after sample preparation for ELISA is around 30 min to 2 h
and that for lateral-flow assay is about 10 min. Thus, the ELISA
assay is more sensitive than the lateral-flow assay, but it takes
longer to perform. Compared with ELISA, lateral flow assays are
inexpensive, rapid, and portable without the requirement of in-
struments. However, lateral-flow assays can only provide yes/no
results, while ELISA gives semiquantitative or quantitative results
(Krska and others 2004). The DNA-based commercial peanut test
kits are based on an amplification of a specific DNA fragment
by PCR and then the amplicons of the PCR reaction can be de-
tected by electrophoresis in an agarose gel with a fluorescent dye
or by Southern blotting. Superior quantification can be achieved
by employing real-time PCR (RT-PCR) or DNA-ELISA (Poms and
others 2004). RT-PCR requires more expensive laboratory equip-
ment, but it is extremely accurate and less labor-intensive than
other DNA quantification methods (Desjardin and others 1998).
DNA-ELISA is a method combining the specificity of the PCR
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method with the signal amplification of the ELISA system. On the
market, 2 formats of the DNA-based test (DNA-ELISA and RT-
PCR) are available with a limit of detection around 10 to 50 ppm.
However, the PCR assay is less commonly used in the food indus-
try than ELISA or LFA since it requires expensive equipment and
isolated space to operate. Moreover, PCR does not directly prove
the presence or absence of peanut allergens. Three peanut ELISA
kits (Neogen Veratox for Peanut, R-Biopharm RIDASCREEN FAST
Peanut, and Tepnel BioKits for Peanut Assay) have been certified
by the AOAC Research Inst. as Performance Tested Methods for
the detection of peanut proteins as low as 5 ppm in a variety of
foods, including breakfast cereals, cookies, ice cream, and milk
chocolate (Park and others 2005). Validation is the process of ver-
ifying correctness (Horwitz 2003). Therefore, assays certified as
validated methods can provide reliable results without consider-
ing interlaboratory differences.
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