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ABSTRACT

An estimated 0.1 to 0.2% of the North American population is allergic to sesame, and deaths due to anaphylactic shock
have been reported. Detecting and quantifying sesame in various food samples is critical to safeguard the allergic population by
ensuring accurate ingredient labeling. Because of the modular nature of the XMAP Food Allergen Detection Assay (FADA), it
was possible through method extension to add sesame as a validated additional analyte. Because raw and toasted sesame are
both commonly used and the two display significantly different antigenicity, three antibodies, one monoclonal and two
polyclonal, were conjugated to bead sets to ensure reliable detection. The modified XMAP FADA successfully detected sesame
incurred or spiked in baked muffins, spice mix, canola oil, and in both raw and toasted sesame oils with limit of quantitation
values < 1.3 ppm of sesame. Canola oil, sesame oil, toasted sesame oil, and olive oil inhibited sesame detection, as did the
detection of sesame incurred in foods containing oil (e.g., hummus). Despite this inhibition, the XMAP FADA was still able to
reliably detect sesame at levels throughout the dynamic range of the assay (22 to 750 ng of protein per mL) in all the foods
examined. Further, the high signal-to-noise ratio of the lowest calibration standard and preliminary studies conjugating the
antibodies at higher concentrations indicate an ability to increase the sensitivity of the assay should the need arise.

HIGHLIGHTS

* Sesame was added to the validated XMAP Food Allergen Detection Assay.
* Both raw and toasted sesame were successfully detected when incurred in foods and oils.
* Assay sensitivity can be increased by conjugating antibodies at a higher concentration as needed.

Key words: Detection; Food allergen; Method extension; Sesame; xMAP

An estimated 0.1 to 0.2% of North Americans are
allergic to sesame (I, 24). However, sesame is a growing
concern due to a continuous increase in the number of
allergic incidents, including anaphylaxis (7/0). Currently, the
Food Allergen Labeling and Consumer Protection Act of
2004 recognizes only eight major allergenic foods: milk,
eggs, fish, crustacean shellfish, tree nuts, peanuts, wheat,
and soybeans (9). Sesame is recognized as a major food
allergen by Canada, Australia, New Zealand, member
countries of the European Union, and Gulf Cooperation
Council Standardization Organization member countries
(i.e., Saudi Arabia, United Arab Emirates, Kuwait, Bahrain,
Oman, Qatar, and Yemen) (13, 17, 21, 26, 27). In 2018, the
U.S. Food and Drug Administration (FDA) issued a request
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for comments regarding sesame as a food allergen (29).
Rates of sesame-induced anaphylaxis vary greatly by
region. In Canada, where the incidence of anaphylaxis
among children is similar to that of the United States, only
2.8% of the recorded cases of anaphylaxis are caused by
sesame, while 85% of all cases of anaphylaxis are caused by
food (7). In contrast, in Israel and Saudi Arabia, sesame
accounts for 43 and 29% of anaphylaxis caused by food,
respectively (8, 23). The growing use of sesame, combined
with the evidence that sesame can trigger immediate
hypersensitivity reactions, creates a concern for allergic
populations (2, 10, 14).

The FDA along with Radix BioSolutions, Ltd. (George-
town, TX) developed the XMAP Food Allergen Detection
Assay (FADA), capable of simultaneously detecting 14 food
allergens plus gluten. The modular plug-and-play design
provides the ability to adjust or expand the assay on the
basis of user needs (4). Redundancy through the use of
multiple antibodies targeting the same analyte, as well as
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the ability to generate multiantibody profiles, provides built-
in confirmation not possible by using single-analyte
enzyme-linked immunosorbent assays. As such, the xXMAP
FADA is unique in its ability to recognize and distinguish
between homologous proteins, which was critical in the
recent analysis of legumes and tree nuts (3, 79, 25). The
xMAP FADA also uses two different extraction protocols:
buffered detergent and reduced denatured buffer (4). The
performance of the xXMAP FADA has been well illustrated
in a single-laboratory validation study (7/8). The method has
also been shown to be reliably effective in detecting food
allergens in regulatory samples (71, 20). Finally, the XMAP
FADA was able to detect and identify the presence of pecan
in regulatory samples by using antigenic profiling (5). In
this study, sesame was added to the already established
XMAP FADA repertoire through method extension, and its
performance was validated.

MATERIALS AND METHODS

Reagents. Phosphate-buffered saline (PBS; catalog P3813),
Tween 20 (catalog P9416), and PBS with Tween 20 (PBST;
catalog P3563) were purchased from MilliporeSigma (St. Louis,
MO). Difco nonfat dried milk (catalog DF0032-17-3) was
obtained from Thermo Fisher Scientific (Waltham, MA). Sesame
bead sets were prepared by Radix BioSolutions, LLC conjugating
three established commercial antibodies (one monoclonal and two
polyclonal antibodies) obtained from BioFront Technologies
(Tallahassee, FL), IEH Laboratories and Consulting Group (Lake
Forest Park, WA), and 3M Food Safety (St. Paul, MN),
respectively.

Preparation of samples. McCormick culinary white sesame
seed was purchased in bulk and ground by using an IKA All
Basic Analytical Mill (IKA Works, Inc., Wilmington, NC) to serve
as a reference. Ground sesame was mixed with PBST for 2 h at
room temperature on a shaker, and the resulting slurry, which
contains both soluble and insoluble components of ground sesame,
was used to spike into food and oil samples. Organic toasted
sesame from McCormick (Baltimore, MD) from a separate lot of
sesame seeds was obtained, and the slurry was prepared. Schwartz
Thai 7 Spice Seasoning (spice mix) containing 14 different
ingredients (chili powder, cumin, oregano, garlic, onion, coriander
seed, ginger, lemon peel, cinnamon, star anise, white pepper,
cayenne pepper, jalapeno chilies, and green peppercorn), 365
organic sesame seed oil, 365 toasted sesame seed oil, and 365
organic canola oil (products of Whole Foods Market, Austin, TX)
were obtained and used in the assays. Nature’s Promise canned
organic garbanzo beans, 15.5 oz (ca. 439 g), Sicilia lemon juice,
Bertolli organic extra-virgin olive oil, McCormick ground cumin,
Morton iodized salt, fresh garlic cloves, Betty Crocker gluten-free
cake mix, and Earth Balance soy-free butter were purchased from
a local grocery store.

Incurred 1-g portion muffins were prepared according to the
manufacturer’s recipe (Betty Crocker) with ground raw sesame
slurry spiked at 0, 1, 10, and 100 ppm, with a minor modification.
Instead of butter, Earth Balance soy-free butter was substituted,
and egg was not added to the muffin batter. Muffins were baked in
mini-baking cups at 350°F for 9 min on a shiny metal pan.
Hummus containing olive oil was prepared by grinding one can of
Nature’s Promise organic garbanzo beans with two garlic cloves,
Sicilia lemon juice (29.6 mL), Bertolli organic extra virgin olive
oil (444 mL), distilled water (44.4 mL), McCormick ground
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cumin (2.85 g), and Morton iodized salt (1.42 g) combined by
using Blixer 3 from Robot Coupe USA (Ridgeland, MS) following
a published recipe (7). One-gram portions of hummus were
weighed into 50-mL conical tubes, and ground raw sesame slurry
was spiked at 0, 1, 10, and 100 ppm. The hummus samples were
refrigerated at 4°C for up to a week to determine the effects of
storage on sesame detection. One-gram portions of Thai 7 Spice
Seasoning (spice mix) were aliquoted into 50-mL conical tubes,
spiked with ground raw sesame slurry at 0, 1, 10, and 100 ppm,
and stored at 4°C. Similarly, 1-mL samples of PBS were spiked
with ground raw sesame slurry at 0, 1, 10, and 100 ppm. Canola,
sesame, and roasted sesame oil samples were spiked with ground
raw sesame slurry at 0, 1, 2.5, 10, 25, and 100 ppm. Olive oil was
spiked with ground raw sesame slurry at 0, 1, 10, and 100 ppm.
All oil samples were stored at room temperature for up to a week
to determine the effects of storage on sesame detection.

xMAP FADA. The xMAP FADA analyses were performed
according to the manufacturer’s recommended instructions, as
outlined in the product insert and in prior publications, with the
inclusion of three new sesame bead sets (sesame-66, -72, and -73)
and the sesame calibration standards (4). Sesame protein—
containing calibration standards prepared in UD buffer at 750
ng/mL, for standard 7 (S7), was serially diluted 1.8-fold according
to the established protocol (4, 12). All bead sets, including new
sesame bead sets and new sesame-containing calibration stan-
dards, were prepared by Radix BioSolutions with their quality
assurance and quality control protocols. The UD buffer protocol
was used for most analyses, except for the calibration standards
comparison analyses that used both PBST and UD buffers. Plates
were washed manually by using the Invitrogen Magnetic-Ring
stand (catalog 10331425) obtained from Thermo Fisher Scientific.
All assays were analyzed by using the Bio-Plex 200 analyzer with
Bio-Plex Manager version 6.2 software (Hercules, CA) with
settings established by Radix BioSolutions.

Data analysis. Limit of detection (LoD) values were
extrapolated from the background response (median fluorescence
intensity [MFI]) plus 3 times the standard deviation (SD), and the
limit of quantitation (LoQ) values were extrapolated from the
background response plus 10 times the SD. The ppm of sesame in
foods was calculated by using a stepwise linear regression
extrapolated to 10 times the SD. Percent recovery values were
calculated by dividing ppm of sesame in food by known spiked
ppm of sesame value times 100. Ratio analyses were calculated on
the basis of the MFI ratios between complimentary bead sets (e.g.,
almond-12 and -13). Calculated ratios in samples were compared
with the ratios of complimentary bead sets in calibration
standards.

RESULTS AND DISCUSSION

Calibration standards. The percentage of differences
between the signal responses of bead sets to the calibration
solution containing sesame and the calibration solution
without sesame are depicted in Table 1. Among nonsesame
bead sets, cashew bead set 19 (cashew-19) and coconut-21
consistently had the highest percentage of differences
ranging from 18 to 22% and 18 to 27%, respectively, in
the presence of sesame; no change in response was observed
with either cashew-18 or coconut-20. Gluten bead sets
(gluten-27 and-28) displayed a change in response at the
upper limit of the calibration standards (S7, 750 ng of
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TABLE 2. LoD and LoQ of sesame in foods”
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TABLE 3. Percent recovery”

Values for each sesame bead set

Recovery by sesame bead set

LoD LoQ Sample Sesame (ppm) -66 =72 -73
Sample -66 =72 -73 -66 =72 -73 PBS® 1 67 =3 94 + 5 215 £ 27
10 411 87 %7 2067
PBS 0.02  0.01 0.01 0.07 0.04 0.03 100 46 +8 121 = 1 >¢
Baked muffin ~ 0.03  0.04 0.02 0.09 0.1 0.07 Baked muffin? 1 23+ 02 42 + 4 83 + 14
Spice mix” 0.4 0.3 0.05 0.6 1.3 0.1 10 37 +4 62 + 8 92 + 13
Hummus 0.03 0.002 003 0.06 0.002 0.09 100 78 +1 88 +2 >
Spi ix? 1 659 49=*x21 119*9
¢ Limit of detection (LoD) values (in ppm) were extrapolated from pice mux 10 R4 +7 82+ 7 132 + 9
the background response (MFI) plus 3 times the SD and limit of 100 29 - | 86 - ) -
quantitation (LoQ) values (in ppm) were extrapolated from the Hummus® 1 89 . P . 4 31 + ]
background response plus 10 times the SD. 10 97 + 1 78 - 5 49 N 6
by . + + +
Higher LoD and LoQ values resulted from the higher 100 96 +3 83+ 1 75 + 2

background.

sesame protein per mL) by using the PBST protocol of 38
and 32%, respectively; however, these differences were not
observed when following the UD buffer protocol. Similarly,
the small differences of 2 to 7% were only observed with
peanut and soy bead sets at higher concentrations of the
calibration standard (S5 to S7) in the UD buffer. Other bead
sets, such as Brazil nut-14, hazelnut-30, and crustacean
shellfish-22 were also observed to display small differences
with the higher concentrations of sesame standard. Overall,
the responses of the bead sets were not significantly
impacted by the addition of sesame to the calibration
standards, especially at the lower concentrations (S1 to S4).
Accordingly, ratio analysis using complementary bead sets
was consistent with prior results, with only a slight change
affecting cashew and coconut due to the increase in the MFI
generated by cashew-19 and coconut-21 (18, 19).

As expected, there was minimal cross-reactivity of
sesame bead sets sesame-66, -72, and -73 with the
calibration standards mixture lacking sesame; observed
cross-reactivity was 0.1, 2.5, and 0.3% in PBST buffer and
0.1, 1.2, and 0.1% in UD buffer, respectively.

Detection in food. The xMAP FADA was used to
detect sesame in spiked or incurred foods, including a spice
mixture with 14 spices and herbs, baked muffins, and
hummus made with olive oil. The detection of sesame in
foods was compared with that of sesame detected in PBS
samples. The signal responses generated by the food
samples in the xMAP FADA are listed in Supplemental
Table S1 of the supplemental data. Cross-reactivity was
observed with almond-13, Brazil nut-14, cashew-18 and
-19, coconut-21, hazelnut-30, pistachio-44, and walnut-48
bead sets, but the most prominent cross-reactivity was
observed with Brazil nut-14 and both cashew bead sets. For
all bead sets other than Brazil nut and cashew, little or no
cross-reactivity was observed. Cashew was the only analyte
that exhibited cross-reactivity with both of the complimen-
tary bead sets. The ratios between the complimentary
cashew antibodies (i.e., cashew-18 and -19) due to sesame
cross-reactivity (0.5 to 0.6) were different from the ratios

“ Percent recovery of spiked ground sesame in PBS relative to
sesame calibration standards calculated on the basis of
interpolated ppm. Samples extracted (n = 3) according to UD
buffer, buffered-detergent protocol. Extracts analyzed without
subsequent dilution. Values are average % recovery of true
triplicates = 1X SD of the % recovery.

b Percent recovery of ground raw sesame in PBS relative to
sesame calibration standards.

¢ >, MFI exceeded dynamic range (>S7, 750 ng of protein per
mL).

4 Apparent percent recovery of ground raw sesame in specified
food relative to ground sesame spiked into PBS on a per MFI
basis.

observed with cashew (1.6 to 3.1) and allows us to
distinguish sesame detection from cashew (18, 19).

On the basis of the data in Table S1, the LoD and LoQ
values were calculated for each of the sesame bead sets
(Table 2). In all cases, the LoD and LoQ values were less
than the lower limit of the dynamic range (22 ng of protein
per mL), as defined by the sesame calibration standards.
Although indicating a potential to reliably detect extremely
low levels of sesame, from a practical perspective, the
quantitation is restricted by the calibration standards (22 to
750 ng of protein). The decreased sensitivity in sesame
detection observed in the spice mix was not unexpected
owing to the higher background signal compared with other
food matrices.

Average percent recovery values for the food samples
are listed in Table 3. Because the incurred samples were
prepared by using a different source of raw sesame than the
raw sesame used to prepare the calibration samples, it is not
surprising that the recoveries deviated from 100% for the
PBS samples. To estimate the effects of the foods and
processing on recoveries, the responses generated by the
food samples were normalized relative to the MFI of the
PBS samples as an alternate approach to calculate the
recoveries. The normalized recovery on the basis of the MFI
response provides only an apparent recovery, likely
different than a true recovery calculated on a per mole
basis. However, to exclusively interpolate concentrations on
the basis of the calibration standards could be potentially
misleading, as indicated by the PBS results (Table 3). Using
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FIGURE 1. Detection of raw and toasted sesame (n = 3) at 1, 2.5, 10, 25, and 100 ppm in PBST buffer analyzed by using the UD buffer
extraction protocol. Three bead sets sesame-66 (blue bars), sesame-72 (red bars), and sesame-73 (green bars) were included in the
analysis. Error bars indicate = 1 X SD. The UD buffer background for each bead set, sesame-66 (background = 70 MFI), sesame-72
(background = 82 MFI), and sesame-73 (background = 31 MFI), was subtracted from the signal response.

this approach, the baked muffins displayed apparent low
recoveries, as were typically observed with incurred
samples in other validation studies. Unexpectedly, hummus
displayed exceptionally low recovery by sesame-73. On day
0, approximately up to a threefold decrease in recovery by
sesame-73 with hummus (relative to the PBS samples) was
observed and by day 7, no measurable sesame was detected,
which was not observed with the other sesame bead sets or
other foods. A similar pattern of inability to detect sesame
by sesame-73 was observed upon storage of ground sesame
for 1 week in olive oil, an ingredient of the hummus in all
concentration ranges tested. In contrast, sesame-66 and
sesame-72 displayed an average reduction of 64 to 70% in
MFT in olive oil and 3 to 36% reduction in hummus after 1
week of storage. Storage in the presence of either canola or
sesame oil did not have such a dramatic effect on sesame-73
(see the following).

Detection of toasted sesame. The detection of 1, 2.5,
10, 25, and 100 ppm of raw and toasted sesame is
depicted in Figure 1. Both raw and toasted sesame were
detected by all sesame bead sets above the LoQ. The MFI
generated by toasted sesame were, on average, 74% less
than the comparable amount of raw sesame with all bead
sets. It is not known if the lower responses with toasted
sesame are because of a reduction in the protein
extractability and the antigenicity due to heat processing
or the detection of residual raw sesame in the toasted
portion (22).

Detection in oil samples. The detection of raw sesame
spiked at 0, 1, 2.5, 10, 25, and 100 ppm in raw sesame oil,
toasted sesame oil, and canola oil and is illustrated in Figure
S1. In raw sesame oil at 0 ppm (nonspiked samples), the
presence of residual sesame proteins was observed by the
XxMAP FADA 1.2- to 2-fold above the LoQ for all bead sets.
In toasted sesame oil, a response equal to the LoD was
observed only with sesame-72. These results may indicate
that very few sesame proteins are present in these oils,
labeled as unrefined, and caution must be taken before
deciding whether the residual amount of protein present
poses a health risk to allergic consumers (2, 6, /4). In canola
oil, labeled as refined, no responses indicative of residual
sesame proteins were detected.

Prolonged storage of ground raw sesame in raw sesame
oil, toasted sesame oil, canola oil, olive oil, and hummus for
7 days resulted in a significant decrease in detectable
sesame (see Fig. S1). Storage in raw sesame oil for 7 days at
room temperature caused an average reduction in MFI,
ranging from 37% to approximately 70% for all bead sets.
Storage in toasted sesame seed oil displayed a greater effect,
with an average reduction in MFI of 66 to 84%. The greatest
decrease in detectable sesame was observed upon storage
for 7 days at either 4°C (not shown) or room temperature in
olive oil, with almost no measurable sesame detected with
sesame-73. Sesame-66 was also extremely sensitive to
storage in olive oil, while sesame-72 displayed only
approximately a 60% reduction in MFI. Storage in hummus,
which contains olive oil, was similar to the effects of olive
oil on sesame-73, but less of an effect was observed on
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sesame-06 or sesame-72. In contrast, storage in canola oil
only induced approximately a 40% reduction in detectable
sesame with all three bead sets.

Olive oil, compared with canola and sesame oil, is
higher in phenolic compounds such as tyrosols, which may
be the basis from the loss of detectable sesame by sesame-
73 bead set (15). In addition, the use of canned garbanzo
beans and the addition of lemon juice may have contributed
to lowering the pH of the prepared hummus, which could
have potentially affected the detectability of sesame protein,
as seen in other studies (76, 28). It is possible that the
combination of the acidity of ingredients and the presence
of olive oil may have contributed to the complete reduction
in detectability of sesame-73 in hummus after 7 days.
Despite the complete reduction of sesame-73, the other two
sesame bead sets were able to detect sesame above the
detection limit at the lowest concentration tested.

Adaptability to meet future needs. Bead sets
prepared by conjugating twice the amount of antibody
displayed similar cross-reactivity patterns, with increased
responses by the sesame bead sets. The sesame calibration
standards ranged from 22 to 750 ng/mL, with the lowest
calibration standard (S1) displaying signal-to-noise ratios in
excess of 15 for all three sesame beads sets. Thus, although
the sesame bead sets define a dynamic range of 22 to 750 ng
of protein per mL, if necessary, it should be possible to
extend the dynamic range by extending the calibration
standards to a concentration that generates a signal-to-noise
ratio of 5 and, if necessary, doubling the concentration of
the antibodies conjugated.

In summary, the xXMAP FADA was expanded to include
sesame as the 16th food target analyte in addition to egg,
milk, gluten, peanut, soy, crustacean shellfish, and nine tree
nuts (almond, Brazil nut, cashew, coconut, hazelnut,
macadamia nut, pine nut, pistachio, and walnut). Of the
bead sets for the original 14 allergens and gluten in the
XMAP FADA, the addition of sesame into the calibration
standards mixture showed the greatest impact on the cashew
bead sets, which were observed to have the strongest cross-
reactivity to sesame. All other nonsesame bead sets were
not affected by the addition of sesame. As such, the ratios
between complimentary antibody bead sets were consistent
with previously known values. The detection of sesame in
food samples displayed LoQ values < 1.3 ppm of sesame,
with very consistent results for the detection of sesame at 10
ppm or lower. The newly incorporated sesame bead sets
were able to detect both raw and toasted sesame in complex
foods. In olive oil and hummus, the loss of sesame
detectability by the sesame-73 bead set after 7 days of
storage may have been influenced by the type of oil used in
the sample preparation and the low pH of hummus due to
the addition of lemon juice. The addition of three sesame
bead sets to the established xXMAP FADA brings the
combination of the unique properties of each antibody and
enables the detection and confirmation of the presence of
sesame in many complex food matrices, including oils.
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