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ABSTRACT

Inadvertent exposure to peanut in foods poses health risks for peanut-allergic individuals that can be reduced by improving
detection systems for allergen contaminants in food products and manufacturing processes. Detection of peanut in chocolate
has been especially dif� cult. We report the optimization of conditions for measuring a major peanut allergen, Ara h 1, in
chocolate with the use of a two-site monoclonal antibody sandwich enzyme-linked immunosorbent assay. Ara h 1 was extracted
from peanut in the presence or absence of chocolate with phosphate buffer, salt, and three dried milks (goat, soy, or nonfat)
(0 to 25% wt/vol) for 15 min at 608C or for 2.5 h at room temperature. The best conditions for Ara h 1 extraction in the
presence of chocolate were 5% nonfat dry milk for 2.5 h at room temperature. Spiking experiments of chocolate with peanut
con� rmed improvement of the extraction: Ara h 1 was detected in extractions of 0.16 to 0.33% peanut in chocolate. Interest-
ingly, the best conditions for Ara h 1 extraction were different for peanut alone than with chocolate, regarding time, temperature,
and percentage of nonfat dry milk in the extraction buffer. In chocolate with peanut foods, the total Ara h 1 values were 10-
fold higher than when products were extracted with phosphate buffer alone and could be up to 400-fold higher for individual
foods. The dramatic improvement of Ara h 1 extraction should allow speci� c allergen monitoring in chocolate-containing food
products and assessment of Ara h 1 exposure.

Peanut, a common ingredient of food products in the
United States, is also one of the main foods associated with
allergic reactions that can cause life-threatening anaphylac-
tic responses (2, 8, 29, 30, 35). Peanut allergens are heat
resistant and conserved during food production and pro-
cessing (1, 5, 20). Consumers can be inadvertently exposed
to peanut allergens when foods become contaminated from
processing lines shared with peanut products. Detection
systems for peanut allergens in food products should reduce
the risk of undesired exposure. Useful peanut allergen as-
says should assess threshold levels for sensitization and in-
duction of allergic reactions (31).

Several tests for peanut have been developed that use
polyclonal antibodies raised either against peanut extracts
or against the peanut protein conarachin A (9, 13, 16, 24,
34). Similar assays are used to measure other allergens in
foods, such as hazelnut, almonds, and eggs, with the use
of either polyclonal antibodies or human IgE antibodies
(10–14, 17, 21). These assays measure ‘‘total’’ peanut com-
ponents or proteins, or antigens such as conarachin A, but
do not measure speci� c peanut allergens. Peanut compo-
nents measured by commercial assays are expressed in parts
per million (ppm) relative to an arbitrary peanut standard.
This makes the results dif� cult to standardize, and the tests
do not provide quantitative measurements of actual allergen
exposure.

Seven peanut (Arachis hypogaea) allergens have been
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identi� ed, cloned, and designated by the World Health Or-
ganization and International Union of Immunological So-
cieties subcommittee of Allergen Nomenclature: Ara h 1
(vicilin), Ara h 2 (conglutin), Ara h 3 (glycinin), Ara h 4
(glycinin), Ara h 5 (pro� lin), Ara h 6 (conglutin), and Ara
h 7 (conglutin) (3, 4, 6, 7, 19, 27, 32). We recently devel-
oped a monoclonal antibody–based enzyme immunoassay
(ELISA) to monitor the major peanut allergen Ara h 1 in
food products (26). Unlike the other peanut assays, this
assay is speci� c for a major allergen, Ara h 1, and is fully
quantitative: results are expressed in absolute units (ng or
mg Ara h 1).

The presence of chocolate impairs the detection of pro-
teins in food extracts (12–14, 16, 18, 21, 25, 28). Detection
of peanut protein in the presence of chocolate can be im-
proved by purifying the extract with immunoaf� nity chro-
matography (25). This process is cumbersome and not use-
ful for routine screening of peanut products. Some com-
mercial tests for peanut protein recommend using heat
(Neogen Corporation, Lansing, Mich.), gelatin (Tepnel,
Fluitshire, UK, and r-Biopharm, Inc., Marshall, Mich. (18))
or skimmed milk powder (Neogen, Tepnel, and r-Bio-
pharm) to improve extraction ef� ciency, especially in pow-
ders (e.g., cocoa and corn � our) and in high-cocoa choco-
late samples. However, the effects of some of these addi-
tives on assays for peanut detection have not been pub-
lished.

Chocolate also impaired detection of Ara h 1 when
foods were extracted without additives (26). In the present
study, different extraction conditions and additives for ex-
traction of Ara h 1 from peanut, with or without chocolate,
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were compared. The effects of extraction conditions on Ara
h 1 were also investigated by spiking chocolate with known
amounts of peanut and by comparing Ara h 1 extracted
from chocolate food products containing peanut.

MATERIALS AND METHODS

Materials. Oil-roasted Virginia peanuts (Planters Company,
East Hanover, N.J.) were used in the study with chocolate. Four
different peanut market types were analyzed alone: Runner (Mr.
Mac’s Peanuts, Eufaula, Ala.), Spanish and Virginia (J.J. Hull’s
Incredible Edibles, Toledo, Ohio), and Valencia (Sunland, Inc.,
Portales, N.Mex.). The milk powders for extraction were Carna-
tion Instant Nonfat Dry Milk (Nestlé USA, Inc., Solon, Ohio),
Myenberg Instant Powdered Goat Milk (Jackson-Mitchell, Inc.,
Turlock, Calif.), and Better Than Milk Soy Beverage Mix (Divi-
sion of Fuller Life, Inc., Maryville, Tenn.). Finished foods con-
taining peanut, chocolate, or both were purchased from local su-
permarkets or kindly provided by Dr. W. Jeffrey Hurst from Her-
shey Foods Technical Center, Hershey, Pa. These foods included
Hershey’s products (Reese’s Pieces [peanut butter candy in a
crunchy shell], NutRageous [milk chocolate, peanuts, caramel],
Reese Sticks [crispy wafers, peanut butter, milk chocolate],
Reese’s milk chocolate Peanut Butter Cups), M&M’s, Snickers,
Nestlé Butter� ngers, Nestlé Baby Ruth, Brach’s Clusters, Brach’s
Maple Goodies, and Keebler Fudge Sticks. Only Brach’s Maple
Goodies contain toffee. The � ve negative controls were the Her-
shey’s products Kit Kat (crisp wafers in chocolate), Krackel
(crisped rice in milk chocolate), Nuggets with almonds, Hershey’s
Milk Chocolate, and Hershey’s Kisses.

Ara h 1 extraction from peanut in presence of chocolate.
Oil-roasted Virginia peanut (0.5 g) and chocolate (2.5 g of choc-
olate chips) were ground separately with a food processor fol-
lowed by mortar and pestle. Ground peanut and chocolate were
weighed, combined, and extracted in 50-ml conical tubes with 30
ml of extraction buffer. Although different kinds of chocolate are
available in the market, the experiments were performed with
semisweet chocolate baking chips containing sugar, chocolate li-
quor, cocoa butter, butterfat, soy lecithin (as emulsi� er), and va-
nilla (Food Lion, Salisbury, N.C.). Control samples of peanut
alone (0.5 g) were extracted under the same conditions. Peanut-
chocolate samples were extracted in phosphate-buffered saline, pH
7.5 (PBS), containing 1 M NaCl and 0 to 25% of either nonfat
dry milk (NFDM), dry goat milk, or dry soy milk. The nonfat
milk had 0 g total fat, the goat milk had 7 g total fat with 4 g
saturated fat (per 340 g total milk), and the soy milk contained
2.5 g total fat with 0.2 g polyunsaturated and 1.9 g monounsat-
urated fat (per 736 g of dry milk). The dry soy milk contained
tofu (water, soy solids, calcium sulfate), maltodextrin (from corn),
modi� ed food starch, sun� ower oil, dicalcium phosphate, natural
� avors (no MSG, no dairy), sea salt, anatase titanium dioxide,
vegetable mono and diglycerides, vitamin B12, and vitamin E
(mixed tocopherols). The extractions were carried out for 15 min
at 608C with continuous mixing or by rocking for 2.5 h at room
temperature with mixing every 15 min. The four peanut market
types were extracted for 15 min at 608C (3 g in 30 ml of extraction
buffer with 1% NFDM). All samples were allowed to stand for
10 min, then centrifuged at 16,000 3 g. The supernatants were
collected and stored at 2208C.

Spiking experiments. Spiking experiments with decreasing
amounts of peanut in chocolate were performed in order to assess
the detection limit of the extraction procedure. Extraction was
performed under the best extraction conditions found for peanut

with chocolate, i.e., 2.5 h at room temperature with PBS, 1 M
NaCl, and 5% NFDM. Peanut and chocolate chips were ground
and weighed separately and combined to a total of 3 g before
adding 30 ml of the extraction buffer. Known amounts of peanut
(1, 5, 10, 25, and 50 mg) were extracted in the presence of choc-
olate and assayed for Ara h 1 by ELISA.

Ara h 1 extraction from commercial products containing
peanut. Eleven candy samples (foods with chocolate and peanut,
including peanut butter fudge sticks, bars, and sweets) were ex-
tracted and tested (see product description in ‘‘Materials’’ section).
The drier foods were ground easily with only a food processor,
but oily products containing more peanut needed the additional
use of a mortar and pestle, and this was the case for most of the
samples. Five chocolate products that were not supposed to con-
tain peanut from the ingredient declaration and that had nonde-
tectable levels of Ara h 1 in the ELISA were used as negative
controls.

The best extraction conditions for Ara h 1 established in the
presence of chocolate were applied to the extraction of foods con-
taining chocolate and compared to the best conditions for extrac-
tion of peanut alone. The samples (3 g) were extracted with the
use of 30 ml PBS with 1 M NaCl containing 1% NFDM at 608C
for 15 min or 5% NFDM at room temperature for 2.5 h. Seven
of these samples were also analyzed for comparison by extracting
with phosphate buffer only for 2.5 h at room temperature.

Two-site monoclonal antibody ELISA. The assay was per-
formed as previously described (26). Monoclonal anti–Ara h 1
antibodies 2C12 and biotinylated 2F7 were used as capture and
detection antibodies, respectively, followed by streptavidin-per-
oxidase and ABTS [2,29-azino-bis(3-ethylbenz-thiazoline-6-sul-
fonic acid)] substrate for color development. Plates were read after
10 min at 405 nm with a Microplate scanning spectrophotometer
(Power Wave 200, Bio-Tek Instruments, Winooski, Vt.). The assay
was quantitated with the use of a standard curve of doubling di-
lutions of puri� ed Ara h 1, from 0.008 to 4 mg/ml. Values for
food samples were interpolated from the linear part of the curve
and expressed as ng/ml, mg/ml, ng Ara h 1 per gram of food, or
mg Ara h 1 per gram of food. Because the samples were obtained
by extraction of 3 g of food in 30 ml of buffer, values can be
transformed between units (i.e., ng/ml 3 10 5 ng/g of food prod-
uct).

RESULTS

Optimization of extraction conditions for peanut
with and without chocolate. Peanut was extracted alone
or mixed with ground chocolate chips. Table 1 shows the
Ara h 1 levels in peanut samples extracted with and without
chocolate and with different milk concentrations (0, 1, 2.5,
and 5%) at room temperature for 2.5 h or at 608C for 15
min. The best extraction conditions for peanut alone were
1% NFDM at 608C for 15 min. Because increasing con-
centrations of NFDM or goat milk (10, 15, 20, and 25%)
did not improve Ara h 1 extraction (data not shown), we
continued the study using 0 to 5% milk. Ara h 1 recovery
from peanut extraction at room temperature increased from
124 to 334 mg/ml by adding 1% NFDM. At 608C, the yield
of Ara h 1 was signi� cantly higher in PBS with 1 M NaCl
alone (381 mg/ml) and was further increased by addition of
1 to 5% NFDM (Table 1).

Ara h 1 was not detectable when peanut was extracted
with chocolate in PBS with 1 M NaCl at either room tem-
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TABLE 1. Effect of temperature and milk protein on extraction of Ara h 1 from peanut or peanut with chocolatea

Ara h 1 (mg/ml)

% dry milk

Room temperature, 2.5 h

Nonfat
dry milk

Goat
milk

Soy
milk

608C, 15 min

Nonfat
dry milk

Goat
milk

Soy
milk

Peanut samples

0
1
2.5
5

124
334
293
261

126
246
191
178

102
125
109
168

381
662
421
424

168
403
227
298

260
165
145
253

Peanut with chocolate samples

0
1
2.5
5

,0.03
0.7
3.8
9.7

0.1
1.0
1.9
4.1

,0.03
,0.03
,0.03
,0.03

,0.03
0.04
0.9
4.5

,0.03
0.3
1.0
2.6

,0.03
,0.03
,0.03
,0.03

a Ara h 1 extracted from 0.5 g of peanut alone or from 0.5 g of peanut mixed with 2.5 g of chocolate in PBS with 1 M NaCl containing
NFDM, goat milk, or soy milk. The inter- and intra-assay variations are 11.8 and 3.1%, respectively (26).

FIGURE 1. (Top panel) Ara h 1 levels in peanut (0.5 g) extracted
at 608C for 15 min using phosphate buffer with 1 M NaCl and
three kinds of dry milk at different concentrations. (Bottom panel)
Ara h 1 levels in peanut (0.5 g) extracted in the presence of choc-
olate (2.5 g) at room temperature for 2.5 h using phosphate buffer
with 1 M NaCl and three kinds of dry milk at different concen-
trations.

perature or 608C. The maximal recovery of Ara h 1 from
peanut with chocolate (9.7 mg/ml) was obtained with 5%
NFDM at room temperature for 2.5 h (Table 1). This rep-
resents a 3.7% recovery for chocolate and peanut versus
peanut alone. However, because the extraction ef� ciency
can be in� uenced by the size of the sample (and there was
0.5 g of peanut alone and 3 g of peanut plus chocolate),

this comparison might not be the ideal way to give a per-
centage of recovery. At this milk percentage, the Ara h 1
levels obtained when using NFDM were higher than when
using goat milk. Ara h 1 was not detected when extracted
with soy milk, which is not a real milk but was chosen for
testing as a different source of a mixture of proteins, lipids,
and carbohydrates. Addition of 2% Tween-20 to PBS with
1 M NaCl increased Ara h 1 recovery, but no advantage
was found in adding 2% Tween-20 to the NFDM-contain-
ing buffer (data not shown) (26). Increasing concentrations
of NFDM or goat milk (10, 15, 20, and 25%) did not sig-
ni� cantly improve Ara h 1 extraction. Considering that the
use of lower amounts of milk is preferable and that optimal
conditions for extraction of peanut alone included the use
of 1% NFDM, we focused the study of extraction of peanut
with chocolate using 0 to 5% milk. The results show that
use of 5% NFDM greatly improved the recovery of Ara h
1 from peanut plus chocolate, although the levels of Ara h
1 recovered were much lower than when the same amount
of peanut was extracted alone, without chocolate (Table 1).
Figure 1 represents the Ara h 1 yield under the best con-
ditions tested for peanut alone (top panel) or for peanut with
chocolate (bottom panel).

In order to assess the sensitivity of the Ara h 1 ELISA
for detection of peanut in the presence of chocolate, spiking
experiments were performed. Decreasing amounts of pea-
nut (50, 25, 10, 5, 1 mg) were extracted with chocolate in
a total sample weight of 3 g with 5% NFDM at room tem-
perature for 15 min. Ara h 1 was detected in samples spiked
with 5 to 10 mg of peanut (Table 2), which indicates a
detection limit between 0.16 and 0.33% of peanut in the
presence of chocolate. This is a signi� cant improvement
considering that Ara h 1 had been undetectable when pea-
nut was extracted in the presence of chocolate with PBS
for 2.5 h at room temperature (2 g of peanut with 1 g of
chocolate: 66% peanut) or in PBS with 1 M NaCl (0.5 g
of peanut with 2.5 g of chocolate: 17% peanut).

Ara h 1 in chocolate food products. Ara h 1 levels
were compared in chocolate products containing peanut,
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TABLE 2. Spiking experiment of peanut in chocolate

Peanut (mg)a
O.D. 405 nm

(extract diluted 1:2)

0 (background)
1
5

10
25
50

0.060 6 0.003
0.067
0.094
0.152
0.241
0.450

a Peanut in chocolate with a total sample weight of 3 g.

FIGURE 2. Ara h 1 levels in chocolate products extracted under
two different conditions: 1% NFDM (608C) or 5% NFDM (room
temperature). Each symbol represents one of the samples extract-
ed and analyzed for Ara h 1 levels. The limit of detection of the
ELISA is 30 ng/ml (indicated by a dashed horizontal line). Eleven
samples of chocolate plus peanut are above the detection limit,
whereas the � ve negative controls (chocolate products without
peanut) are below it. The number of samples studied under each
condition is indicated in parentheses under the x-axis. Geometric
mean (thicker horizontal line) values and 95% con�dence inter-
vals are shown for each column in black.

and Ara h 1 was detected in all cases with the use of either
5% NFDM at room temperature or 1% NFDM at 608C (Fig.
2). There was no signi� cant difference between these con-
ditions: total Ara h 1 extracted with 5% NFDM at room
temperature and with 1% NFDM at 608C was 1,361 mg/ml
(goat milk, 38 mg/ml) and 1,617 mg/ml (goat milk, 36 mg/
ml), respectively (Fig. 2). However, 5% NFDM at room
temperature would be recommended for logistical purposes.
The total Ara h 1 detected in seven samples extracted with
the use of 1 or 5% NFDM was 10-fold higher than when
products were extracted with PBS alone. Ara h 1 values
were up to 400-fold higher than when extracted with PBS
alone for individual foods (data not shown). Ara h 1 was
not detected in the � ve chocolate products used as negative
controls.

DISCUSSION

The conditions for extracting Ara h 1 from peanut in
the presence of chocolate were optimized, and Ara h 1 was
detected in all the chocolate foods containing peanut that
were tested. The results suggest that the optimal extraction
procedure for Ara h 1 in chocolate is 5% NFDM for 2.5 h
at room temperature. Spiking experiments show that under
these conditions, Ara h 1 could be detected in chocolate
with 0.16 to 0.33% peanut. This percentage represents a
signi� cant improvement compared with extraction with
phosphate buffer alone or with 1 M NaCl, although future
studies will need to elucidate whether this detection limit
is enough to measure the smallest Ara h 1 levels that can
produce allergic reactions. No signi� cant differences were
found between the amounts of Ara h 1 extracted from choc-
olate products under the best two conditions, and small dif-
ferences could be explained by (i) a nonhomogeneous dis-
tribution of peanut pieces in the food, (ii) variability in
mixing of samples during extraction, or (iii) variability in
composition of the product. Overall, the logistics of incu-
bating a large number of samples at 608C might not be
feasible for most laboratories; thus, the recommended ex-
traction conditions for Ara h 1 from chocolate products
would be to use 5% NFDM for 2.5 h at room temperature.
If time is an issue, the 2.5 h can be shortened to 15 min
by extracting at 608C.

Given the wide variety of types of peanut used in the
food industry, the Ara h 1 content was analyzed in four
different peanut market types: Runner, Spanish, Valencia,
and Virginia. Ara h 1 was measured in the range 98 to 265

mg/ml for raw peanuts (data not shown). Therefore, differ-
ences in Ara h 1 content greater than threefold are not ex-
pected with the use of different market types. The Ara h 1
levels in extracts from raw and roasted peanuts from these
four market types were also compared. ELISA curves were
parallel, indicating equivalent antibody binding between na-
tive and heat-processed Ara h 1. Interestingly, preliminary
experiments showed that the content of Ara h 1 from roast-
ed peanut extracts was � vefold greater on average than the
content from raw peanut extracts (data not shown). This
result suggests that the epitopes recognized by the mono-
clonal antibodies used in the ELISA became more acces-
sible in the roasted than in the raw allergen or that a dif-
ference in Ara h 1 extraction ef� ciency exists. A similar
increase has been reported for binding of IgE to Ara h 1
from roasted versus raw peanuts (23).

The yield of the Ara h 1 extraction depends on the
allergen binding properties of the components of the matrix
combined with peanut. It is well known that chocolate is a
dif� cult matrix for the extraction of proteins because of its
high content of tannins and other phenolic compounds that
have a high binding af� nity to proteins (18). Tannins can
bind proteins during extraction and can also interfere with
the ELISA test by binding to the antibody. Addition of � sh
gelatin to the extraction buffer has been used to bind tan-
nins (18). Similarly, the effect of NFDM could be to bind
the tannins in chocolate that sequester Ara h 1. Other ma-
trices, such as cookie or pancake mix, bind Ara h 1 in
different degrees (26). Therefore, accurate allergen quanti-
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� cation will depend on standards prepared with the use of
similar ingredients to those present in the food product,
although the high variability in food components makes this
an impracticable effort.

The Ara h 1 monoclonal antibody assay combined with
other assays for major peanut allergens should provide
complementary information for risk assessment of allergen
exposure. Monoclonal antibodies against Ara h 2 have been
produced and are being used to develop a new peanut al-
lergen test that quanti� es allergen in absolute units. These
speci� c allergen assays will be useful for (i) investigating
threshold doses of speci� c allergen exposure in allergic pa-
tients and (ii) risk assessment of inadvertent exposure of
allergic patients to foods, either as a result of allergen con-
tamination of foods or mislabeling of food products. The
threshold doses for allergenic foods are dif� cult to inves-
tigate, and assays with good detection limits should be used
to assess the threshold levels (31). Hourihane et al. (15)
reported limits of 100 mg and 2 mg of peanut protein for
the � rst subjective and � rst objective allergic reactions, re-
spectively. However, the limits of protein content for safe
foods detected with the use of polyclonal antibody immu-
noassays cannot be directly compared with the limits of
speci� c peanut allergens measured with the use of mono-
clonal antibody assays. The amount of a speci� c allergen
in foods is expected to be smaller than the amount of peanut
components, because Ara h 1 and Ara h 2 constitute 12 to
16% and 6 to 9% of total peanut protein, respectively (22).
The existence of complementary assays that measure pea-
nut allergens such as Ara h 1 and Ara h 2, in combination
with assays that measure peanut components, will allow
studies on threshold levels of allergen exposure, as well as
improvement in food labeling if the right detection limit of
allergen level for allergic reactions is achieved. Warning
labels should be explicit enough to prevent exposure of
peanut-allergic people to undesired allergens (33). The Ara
h 1 test, alone or combined with a test for Ara h 2, will be
a useful tool in the study of thresholds of allergen exposure
for peanut hypersensitivity.
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