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Trace amounts of cashew nut protein can provoke severe allergic reactions in sensitive patients.
Consequently, commercial food processors and regulatory agencies must be vigilant to prevent cashew
nut cross-contamination among foods and ensure proper labeling. Toward this end, we have developed
a sandwich enzyme-linked immunosorbent (ELISA) to detect the predominant cashew protein fraction
(anacardein or cashew major protein, CMP) that can be extracted in aqueous buffer from food matrixes.
Protein G-purified goat antiwhole cashew extract IgG and rabbit anti-CMP 1gG were used as capture
and secondary antibodies, respectively. Immunoadsorption against several nut and seed proteins
significantly minimized the inherent cross-reactivity of these reagents. Food samples spiked with
cashew flour and CMP were extracted and tested in a sandwich ELISA where standard curves were
based on reactivity with CMP. The assay was optimized to detect as little as 20 ng/mL (0.02 ppm) of
CMP and was successfully used to quantify CMP, and thus cashew, in various food matrixes.
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INTRODUCTION for a higher rate of exposure. It has been reported that 0.08%
of British four year olds are allergic to casheil), whereas

Cashew is globally one of the most p_opular_ tree nuts a_nd 'S 40% of 142 French patients allergic to peanuts were found to
eaten as a snack or incorporated as an ingredient in a variety of,

foods. Cashew ranks third in the international tree nut trade be cosensitized to cashed. . .
with over 20% of the market. Anacardein, the predominant  Because treatment of cashew allergy is not yet available,
soluble globulin in cashew, also known as CMP, is a multimeric ingestion has to be avoided by the sensitive individual. Problems
globulin (13S) and constitutes about-446% of the total cashew ~ May thus arise if the presence of the allergen is not discernible
soluble seed proteind,(2). due to mlslgbelmg of the products_or k_)ecaus_e of unknown cross-
Peanut and/or tree nut allergies affect about 1% of the contamination that may occur during industrial food processing.
population 8) and are one of the leading causes of fatal and  To protect allergic consumers, sensitive methods are needed
near-fatal food-induced allergic reactior §). Patients with ~ to detect and quantify such hidden allergens in complex
a severe allergy to peanuts or tree nuts rarely become toleranirocessed food matrixes to allow more accurate labeling of
of these foods, and these allergies can persist throughout lifecommercial food products or to facilitate quality control efforts
(3, 6). to avoid product cross-contamination. Taylor and Nordlee
Cashew proteins have already been demonstrated to be verypuggested thatimmunoassays that can detect food allergeths
potent allergens7-13). Six of 30 (20%) patients with type | ~ PPM should be adequaté€).
hypersensitivity to cashew nut were reported to experience an Because no suitable method has been developed for cashew
anaphylactic reaction in one study0j. Ingestion of chocolate  nut detection, the aim of this study was to develop a sensitive,
candy containing cashew nut has also been reported to caus&pecific, and quantitative method for the detection of traces of
an anaphylactic reactio); In the U.K., recent wide availability ~ cashew protein in food matrixes.
of cashew nut butter type spreddl] has increased the potential

MATERIALS AND METHODS
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A B For denaturation studies, whole cashew nuts were subjected to
T 2 12 roasting at 17¢°C for 20 min, microwave roasting at 500 W for 2
kDa kDa min, autoclaving at 122C/15 psi for 10 min, or blanching at 10@C
for 10 min. Thereafter, the processed cashew nuts were ground into

669— == flour and defatted using a Soxhlet apparatus as described below. The
40—« . 97.4— « defatted flour was stored at20 °C in an airtight plastic bottle until
232~ 66— = further use. The defatted flour was extracted in BSB just prior to use
140— 45— 99 as described above. The Bio-Rad protein assay was performed as
described by the manufacturer (Bio-Rad Laboratories, Hercules, CA)
29— W to determine extractable proteins from the processed and native cashew
67— 01— @ nut samples.
’ For protein extracts of nuts, seeds, and other food constituents
14.2— =~ (sunflower seeds, walnut, almond, Brazil nut, macadamia, soy nut,

soybean, pine nut, navy bean, Virginia peanut, Spanish peanut, pecan,
sesame seed, pistachio, and green pea) used for cross-reactivity testing
and immunoadsorption, 100 mg of defatted flour was mixed with 1
mL of BSB and processed as described for cashew nut flour.

Figure 1. Electrophoretic analysis of CMP under nonreducing, nonde- CMP-spiked samples were prepared by adding 2D0of CMP

: : : - lution of known concentrations to the defatted ground food, flour
naturing (A) and denaturing, reducing (B) conditions. (A) NDND—PAGE SOutic ) ) ! ’
(3—30% linear gradient acrylamide gel, 1.5 mm thick, acrylamide:bis = or spice together with 80AL of BSB. All food samples (including

) . raw and processed cashew nut samples) were ground in a Waring
37:1 wiw) for puriied CMP (lane 2, 50 g). (B) SDS-PAGE (8-25% blender 40 mesh flour) and defattedrf® h in aSoxhlet apparatus

linear gradient acrylamide gel, 1.5 mm thick, acrylamide:bis = 37:1) for using petroleum ether (boiling point range, 3852.3°C: flour:solvent
purified CMP (lane 2, 50 ug). ratio 1:10, w/v). The defatted flours were dried in a fume hood, ground
in a Waring blender (to obtain homogeneous flour), and storeckat
constant magnetic stirring provided. The slurry was filtered through °C in airtight plastic bottles until further use. Cashew flour-spiked foods
Whatman filter paper no. 4 (vacuum filtration). The residue was were made by mixing dry defatted cashew flour with food at the
reextracted two more times in a similar fashion. The defatted flour appropriate ratios with a mortar and pestle followed by mixing with a
was dried in a fume hood, and the dry flour was further ground in a Sorvall Omni-Mixer (lvan Sorvall Inc., Newton, CT) as described
Waring blender to obtain a homogeneous defatted flour. The defatted previously (L8). Some commercial cashew nut-containing food samples
flour was stored at-20 °C in an airtight plastic bottle until further were obtained from an Asian Indian grocery store in Tallahassee and
use. others from India where cashew is extensively used in many confections
The purification and biochemical characterization of CMP have been @nd other processed foods. These foods were ground, defaotted, and
previously described in detail), Briefly, crude CMP was extracted ~ €Xtracted as above. Aliquots of the samples were stored2at°C
from defatted cashew nut flour wit2 M NaCl containing 0.001 M Prior to analysis. _ _
NaNs (flour:solvent ratio 1:10 w/v) with constant magnetic stirring for Rabbit, Goat, and Human Antisera. Rabbits and goats were

3 h at 4°C and centrifuged (12 0@) 10 min, 4°C). The supernatant immuni_zed With_ 1 mg of CMP and 2 mg .of casheyv soluble p_rotein,
was filtered through glass wool, and the residue was reextracted with "SPECtively, using Freund’s complete adjuvant (Sigma Chemical Co.
10 more volumes of the same solvent for one more hour°& with St. Louis, MO). After they were boosted with the same amount of

constant magnetic stirring. The slurry was then centrifuged (18,000 an_tigeln in incglmgletz ;reund’s adju;/ar;gligg a ?Ihemi‘caFI' co.). the
10 min, 4°C), and the supernatant was filtered through glass wool. animals were bled and the sera was stor untit used. muman

The combined supernatant was dialyzed against distilled wate (4 antisera from five cashew allergic patients were used to constitute the
46 changes of water, 3648 h, dialysis tubing molecular weight ’cut human serum pool. These subjects had excellent histories of severe,

i - life-threatening reactions to cashew and were positive for cashew
off 6000—8000) and lyophilized. The lyophilized powder was recon- o . s
stituted in 0.02 M Tris-HCI buffer (pH 8.1) containing 0.1 M NaCl specific IgE by Pharmacia ImmunoCAP assay (Pharmacia Biotech Inc.,

and 0.001 M Naljin a minimum volume (typically 100 mg/mL buffer) Piscataway, NJ). Food challenges were not performed. Blood samples

- . o were drawn after informed consent from patients with allergic reactions
anfl cegtrn‘l;ged Elssgg(gp:Rmﬁ 25 Ch:)’ ar:)dhthe supegaﬁanLvXaBs Isadedl to cashew. The study was approved by the Human Subjects Review
onto a sephacry (Amersham Pharmacia Biotec \D, UPPSAA, committee at the University of California, Davis.

Sweden) column (1.6 cnmx 96.5 cm). The column elution and

cqulbrun bufer was 002 M TISHI (o 6.1) comanng 01 1 [ITUNCRCEaplon o fobut nc G Akcashen Sea e
NaCl and 0.001 M NaBl The column flow rate was 20 mL/h, and

. ) e . r . First, | n nd el from a protein
fractions were collected every 15 min. CMP-containing fractions were a two step process. First, G was bound to and eluted from a protei

. . L o G affinity column using 0.2 M glycine sulfate, pH 2.3, as the elution
poole_d_, dialyzed agamstd|st|lled_ wa_te_r (368 h".l C’. 46 changes), buffer. The eluate was immediately neutralized with 1.0 M Tris, pH
lyophilized, and stored at20 °C in airtight plastic vials until further

Purified CMP dissolved in 0.1 M Tris-HCl. bH 8.1. at 5 ma/ 9.0. The purified IgG was then adsorbed against a nut and seed protein
use. Furme was dissolved in .1 rs-Atl pH o.4, atds Mg/ eyiract column to remove cross-reactive antibodies. The protein extracts
mL and stored at-20 °C for later analysis. CMP purity was assessed

- . ) covalently bound to the column matrix were from almond, Brazil nut,
using nondenaturing gel ele-_ctrophore5|s (NDNPAGE) and_ SDS navy bean, soybean, Virginia peanut, Spanish peanut, pecan, pine nut,
PAGE. As can be seen frofigure 1, NDND—PAGE analysis yields

. . ! - pistachio, sesame seed, sunflower seed, and walnut. A 0.8 mg protein

a_lsmgle banql_, which upon _denaturatlon_and reduction, revea_ls polypep—a”quot of each was separately coupled to 1000f CNBr Sepharose

tide composition (lane 2 iftigure 1B) typical of 11S (or legumin type  ge| (Pharmacia Biotech Inc.) according to the manufacturer’s instruc-

proteins). tions and then pooled. The effluent was collected for further use. The
Whole cashew nut flour protein extract was prepared by mixing 100 column was regenerated by elution with 0.2 M glycine sulfate, pH 2.3,

mg of defatted cashew flour with 1 mL of BSB (0.1 MyBOs, 0.025 and washing with BSB.

M Na:B40, and 0.075 M NaCl, pH 8.2) and stirred until homogenized. Electrophoresis and Western Blot.Cashew extract (&L, ~300

The mixture was then stirred (5 rpm by rotationy foh at RT. The ug) was mixed with 9L of reducing buffer (70 mM Tris-HCI, pH

aqueous layer was obtained by centrifugation at 11g¥6010 min at 6.8, 10% glycerol, 2% SDS, 5% 2-mercaptoethanol, and 0.05%

RT. Protein concentrations were determined by the method of Lowry bromophenol blue) and boiled for 5 min before it was loaded into a

et al. 17) with BSA as the standard protein. Approximately-#5% 6.7 cm well 12% SDSPAGE gel. Electrophoresis was conducted (Bio-

of cashew nut defatted flour protein is solublized by this method, and Rad Mini Protean 3 Electrophoresis Cell System) at 120 V on a Power

CMP accounts for about 50% of the total soluble protein. Pac300 (Bio-Rad Laboratories). Proteins from the gels were transferred
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to 0.454m pure NC transfer and immobilization paper (Shleicher & Tapje 1. Effect of Immunoadsorption on Cross-Reactivity Levels of
Schuell, Keen, NH) fo3 h at 80 mA,using an electrophoresis power  \/grious Nuts and Seeds in Anti-CMP Sandwich ELISA

supply (Northeastern Science Company, Boston, MA) and a Mini Trans-
Blot Transfer Cell (Bio-Rad Laboratories). NC membranes were cut cross-reactivity cross-reactivity
into 4 mm strips, blocked with 0.2% BSA in TBS-T (20 mM Tris, 137 (1g/100 mg) (19/100 mg)
mM NacCl, pH 7.6, with 0.2% Tween 20) fd h at RT, andvashed. N b
The strips were then incubated with either a pool of five cashew
allergic patients’ sera (diluted 1:20 in TBS-T, overnight af@), sunflower seeds 125 23 navybean 05 <

sample before2  after sample before2  after

adsorbed goat antitotal cashew protein extract IgG (diluted 1:250, 1 h Brazi dnut' 16 < pecan 8.1 40
at room temp), or rabbit anti-CMP immunoadsorbed IgG (diluted 1:2000 gz)e;%aljtamua : : %;Iﬁztpea Z 1 ; 8
1 h RT). Strips probed with human antisera were washed two times in soybean 06 < pistachio 423 20
TBS-T and a third time in PBS (pH 7.3) for 20 min each wash and  pine nut 0.7 < almond 3.4 <
incubated overnight at 4C with 124 antihuman IgE (Hycor Biomedical Spanish peanut 5.2 < sesame 23 <
Incorporated, Garden Grove, CA) diluted 1:10 in a mixture of PBS,  Virginia peanut 0.3 <

5% nonfat dry milk, and 0.05% Tween-20. Three final washes in TBS-T

were performed, and the strips were exposed to Kodak Biomax X-ray  a Cross-reactivity detected by goat and rabbit IgG fractions. Values represent
film (Rochester, NY) for 24-96 h. HRP-labeled rabbit antigoat IgG  the cashew equivalent signal generated by the cross-reactive substance.  Cross-
and goat antirabbit IgG were added to the strips containing the reactivity detected by immunoadsorbed IgG derived by passage of antisera through

corresponding primary antibodies and incubatedIfch at RT. The the nut and seed extract immunoaffinity column. <, denotes cross-reactivity below
strips were washed once for 15 min and three times for 5 min each the detection limit of 0.2 £g/100 mg.

wash in TBS-T after each antiserum/antibody incubation. The reactive
bands were identified using Enhanced Chemiluminescence Plusf{ECL

Amersham Pharmacia) and subsequent exposure to Kodak X-OMAT 116.3—
X-ray film. 97.4 —
ELISA. Ninety-six well round bottom polyvinyl microtiter ELISA 66.2 —
plates (Seracluster “U” Vinyl, no. 2797, Costar, Cambridge, MA) were -
coated with 5QuL/well goat anticashew immunoadsorbed antibodies

diluted to 8ug/mL in coating buffer (48.5 mM citric acid, 103 mM s
NaHPO,, pH 5.0) and incubated fd. h at 37°C. Plates were blocked
with 100 uL/well of blocking buffer (5% nonfat dried milk powder,
0.1% Tween 20 in PBS) fal h at 37°C. Emptied plates could either

(5]
o
[__JEF %
]
.

be sealed with Parafilm (American National Can., Chicago, IL) and 21.5—
stored at-20 °C for several months or washed and used immediately. ot
A serial dilution of the CMP standard and the food extract samples in KDa |H C|R C|G C

incubation buffer (0.3% BSA, 0.1% Tween 20 in PBS) was performed
in the microtiter wells. Aftea 1 hincubation at 37C, 50uL/well of

8 ug/mL CMP specific immunoadsorbed rabbit antiserum, diluted in . o .
incubation buffer, was added to the plates and incubated foat 37 IgE (H), rabbit CMP specific 19G (R), and goat cashew specific IgG (G)

°C. After a subsequénl h incubation at 37°C with alkaline C, control for nonspecific binding by nonallergic human serum, preimmune
phosphatase-labeled goat antirabbit 1gG (Sigma Chemical Co., no.abbit serum, and preimmune goat serum, respectively.

A-3687), the plates were developed in substrate buffep(5per well . L.
of p-nitrophenyl phosphate (Sigma Chemical Co.) at 1 mg/mL). purification step) to remove cross-reactivity. After the adsorp-

Between each step, the plates were washed three times with PBS. Td1ON, the degree of cross-reactivity was greatly redudeble
stop the reactions, 1. of 3 M NaOH was added to each well. Optical 1) Only sunflower seeds, pistachio, walnut, and pecan showed
density (OD) was measured in a KC4 v2.5 ELISA reader (Bio-Tek Some residual cross-reactivity, although the signals were more
Instruments, Inc, Winooski, VT) at 405 nm wavelength. The amounts than 2.5x 10* times lower than for an equivalent amount of
of CMP in food samples were quantitatively determined based on the CMP. Thus, no substantial cross-reactivities with tested tree nut
standard curve using KC4 software. or seed proteins were observed when using adsorbed IgG
Statistics. All samples were assayed in triplicate, and the assays fractions. In addition, no cross-reactivity was detected in protein
were repeated 34 times on different days. The mean standard  gyiracts of host foods (whole wheat flour, all purpose wheat
deviation (SD) is reported. flour, rolled oats, milk chocolate, raisin bran cereal, chocolate-
filled cookies, and rice cereal) for either the (unadsorbed) 1gG
fractions or the immunoadsorbed (with tree nut and seed protein
Characterization of the Rabbit and Goat Cashew Specific extracts) antibodies (data not shown).
Antibodies. Rabbits and goats were immunized with CMP and ~ Western blotting was performed to determine if the immu-
cashew protein extract, respectively, and the antisera werenoadsorbed rabbit and goat antibodies would recognize similar
analyzed for reactivity with cashew protein extract and cross- polypeptides as does IgE from cashew allergic patients. Cashew
reactivity. Considerable cross-reactivity was observed in both nut protein polypeptides were separated by SPGE under
Western blot (data not shown) and ELISAaple 1). Various reducing conditions and transferred to NC membranes. The
nuts, seeds, and host foods were included in the cross-reactivityadjacent strips were probed with pooled human antisera and
studies including sunflower seeds, walnut, almond, Brazil nut, rabbit and goat immunoadsorbed IgG. The results of this
macadamia, soy nut, soybean, pine nut, navy bean, Virginia comparative Western blot assay revealed a general correspon-
peanut, Spanish peanut, pecan, sesame seed, pistachio, and gredance between the peptides recognized by human cashew
pea. Each protein extract was tested at dilutions ranging from specific IgE and those recognized by the rabbit and goat
1:10 to 1:1x 1C° using the original (unadsorbed) rabbit and antibodies, although the relative intensity of the reactions varied
goat IgG fractions (i.e., from the first purification step). Those (Figure 2).
extracts that gave signals equivalentt0.2 ©g/100 mg flour ELISA Standard Curve. A mean standard curve and
(i.e., all except Macadamia nut, soy nut, and green pea) werestandard deviation were derived from 26 different experiments
included in the affinity chromatography protocol (second performed on different day$igure 3). The 1G of the ELISAs

Figure 2. Western blot of cashew nut protein as detected by human

RESULTS
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120 cashew (theoretical yiekt 200—225u9), 9.3-30ug from 0.1%
100 - added cashew, and 6-B8.1 ug from 0.01% of added cashew
(Table 2).
a & Two hundred microliters of purified CMP at varying con-
O 601 centrations was added to the seven food samples to yield 0.1,
ES 40 0.01, 0.001, and 0.0001% of CMP in food matrixes. The amount
of CMP detected ranged from 50 to 136% of the theoretical
20 yield in different food matrixes over the complete range of
0 ‘ , ‘ spiking levels Table 3). For milk chocolate and raisin bran
01 1 10 100 1000 10000 cereal, the observed values were consistently below the theoreti-
cal values at the various spiking levels. CMP-spiked milk
CMP (ng/ml) chocolate and raisin bran cereal yielded relatively lower values
Figure 3. Mean standard curve based on 26 assays performed on different (about 56-77% of the amount added) as compared to other
days. The ICs (i.e., the amount of antigen needed to inhibit to 50% of host foods. These results were similar to those seen when cashew
the OD signal) of the ELISAs is about 20 ng/mL, equal to 0.02 ppm of flour was the spiking agenfr@ble 2). For CMP-spiked whole
CMP in food matrixes. The detection range was from 10 to 150 ng/mL, wheat flour, all purpose wheat flour, rolled oats, chocolate-filled
demonstrating the sensitivity of this sandwich ELISA. cookies, and rice cereal, detection was in the-Z86% range.
CMP was also added to spices, sugar, and salt to study their
Table 2. Detection of CMP in Foods Spiked with Cashew Flour influence on CMP detectioriT@ble 4). Ten milligrams, rather
CMP detected + SD (ug/100 mg) than 100 mg, of §a|t, cinnamon, cardamom, fenugreek seeds,
nutmeg, and Spanish saffron were used, as one would not expect
host food 100:1 10001 10000:1 these additives to represent more than 10% of the food
theoretical yield® (xg) 200-225 20-22.5 2.0-2.3 ingredient. One hundred milligrams of white fine granulated
whole wheat flour 84167 09+3.4 2502 sugar and brown sugar were also spiked with soluble CMP.
all purpose wheat flour 241+ 133 29314 3005 CMP was detected at 47164% of the amount actually added
rolled oats 233+36.2 216+45 20£06
milk chocolate 168 +34.9 175+47 13+11 (for the 100 and 1Qtg CMP samples). The data show that
raisin bran cereal 133 +11.0 93+22 0.1+0.0 cinnamon and, to a lesser extent, nutmeg have a negative
chocolate-filled cookies 339738 252£62 2.1£06 influence p < 0.05) on the CMP detectior<60% of the added
rice cereal 252+4738 28.6+6.5 31+04

amount was detected in most samples), while fenugreek seeds
and Spanish saffron enhance the detection levet-t40% of

the added amount). Spice controls (no CMP added) were also
included in this study. Only the cardamom (without CMP) gave

2 The theoretical yield of CMP is assumed to be 20-22.5% of the amount of
cashew flour added. The theoretical yield is based on the observation that 40—
45% of the weight of defatted cashew flour represents aqueous buffer extractable

proteins and 50% of this protein is CMP. Thus, a 100:1 mix would have 200~225 background ValU?S Of_ O:QZJ/mL while all of the Oth'ers were
g CMP/100 mg, whereas a 1000:1 and 10000:1 mix would have 10 and 100 under the detection limit (0.0&g/mL). Samples spiked with
times less than that, respectively. 1.0ug/mL CMP gave close to quantitative values (6173 ug/

mL) except for cinnamon and nutmeg, which were lower.
is about 20 ng/mL, equal to 0.02 ppm of CMP in food matrixes. However, the 0.kg/mL CMP in salt and brown sugar samples
The detection range was from 10 to 150 ng/mL (6-0115 shows lower than expected detection values (0.03 andu@04
ppm), demonstrating the sensitivity of the sandwich ELISA. For ML, respectively).
detection of cashew protein in foods, serial dilutions of the  Investigation of Commercial Food Products The cashew-
aqueous extracts were tested and those that gave an OD valueontaining Indian foods, kaju katli (a thin fudgelike confec-
falling closest to the midpoint of the linear portion of the tionary), kaju wadi (a thick fudgelike confectionary), wadi puri
standard curve were used to calculate the CMP concentrations(a ground cashew nut-filled muffin), kaju mix (a snack mix

Recovery StudiesTo test for the ability of the ELISA assay  containing puffed rice, toasted and salted legumes, deep fat fried
to detect cashew in food and to assess the role that the foodthinly extruded Bengal gram flour, and deep fat fried salted
matrix may play in detection, seven commercial food samples cashew nut pieces), and cashew chikki (a cashew brittle candy),
were spiked with varying amounts of defatted cashew flour. were included in this study. The level of CMP detection varied
Extractable protein was assayed by ELISA, and the correspond-greatly and ranged from 2.8 to over 12 00§/100 mg food
ing amount of detected CMP was calculated from the CMP (Table 5). Cashew chikki contains a minor amount of CMP
standard curve. Depending on the food matrix, CMP was (2.8 ug/100 mg, correspondence to 28 ppm or 2.803%),
detected at 84339ug per 100 mg of food containing 1% added whereas wadi puri contains about 12.4% of CMP, which

Table 3. Detection of CMP in Commercial Food Samples That Were Artificially Spiked with Soluble CMP

CMP detected + SD (xg/100 mg)

host food 1002 (0.1%) 10 (0.01%) 1.0 (0.001%) 0.1 (0.0001%)
whole wheat flour 136 +£21.4 11.2+2.0 1.0£02 0.11£0.04
all purpose wheat flour 105+18.7 13.4+05 12+£03 0.13+£0.03
rolled oats 122 +28.9 125+22 09+0.1 0.08 £0.04
milk chocolate 77+10.3 72+17 0702 0.05+0.02
raisin bran cereal 64 +24.2 6.6 £2.7 06+0.1 0.05+0.07
chocolate-filled cookies 120+ 28.0 9.0+£39 09+0.1 0.07 £0.02
rice cereal 110+12.3 13.0+21 09+03 0.08 £0.04

@ Micrograms of added CMP/100 mg food mix (% of added CMP).
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Table 4. Detection of CMP in Salt, Sugars, and Spices Artificially Spiked with Soluble CMP

CMP detected + SD («g CMP used for spiking)

host food amount? (mg) 100 10 1.0 0.1
salt (NaCl) 10 127 £16.2 11.6+0.7 07+0.1 0.03+0.01
cinnamon 10 48+74 47+0.7 02+0.1 0.03+0.00
cardamom 10 119+16.1 72+19 07+0.1 0.07 +0.02
fenugreek seeds 10 164 £37.3 135+1.0 13+0.3 0.08 +0.04
nutmeg 10 92+14.2 49+11 03%00 0.05+0.01
Spanish saffron 10 146 +19.9 143+23 08+02 0.10+0.01
fine granulated sugar 100 129+12.2 10.6£0.7 1.0+£01 0.06 £0.01
brown sugar 100 142 +30.9 11.0+35 07+0.1 0.04 +0.01

2 Amounts of spiked samples extracted with 1.0 mL of buffer.

Table 5. Detection of CMP Levels in Commercial Foods? o &8 oo &S o L &8
il food CP level (g/100 s SESS o OIS o SO
commercial 100 eve m X = 3
mere e FEIFS  IIETE  FI8SY
kaju katli 7380 £ 735 ;
kaju wadi 996 + 150 1163— T
wadi puri 12400 + 1200 - 3
kaju mix 29+04 27 ‘
cashew chikki 2.8+49 -h .. _.“ P - EE
45 - b
a All samples were defatted prior to protein extraction. o] w
P P P L e ‘--y
corresponds to a defatted cashew nut composition ef6256 KDa y
= 0,
(CMP 20—22.5 % of _the defatted cashew). These data suggest RABBIT GOAT HUMAN
that the assay is flexible and can accommodate foods with a ) )
large range of cashew content. Figure 4. Western blot of reduced native and processed cashew protein

Effect of Processing on CMP DetectionAs cashew is extracts probed with rabbit anti-CMP, goat anticashew, and human cashew
usually subjected to processing before or after addition to food allergic sera. Roa 170°, roasted at 170 °C for 20 min; roa MW, microwave
matrixes, we evaluated the effect of oven roasting, microwave roasted; auto, autoclaved; blan, blanched.
roasting, autoclaving, and blanching on the detection of CMP
by the rabbit and goat anti-CMP antisera and cashew allergic
human serum. Protein extracts of processed and unprocesse
cashew nut defatted flour were initially normalized for protein
content as the amount of extractable protein varied considerably
depending on the heat treatment applieihkle 6). Four
micrograms of each protein extract was loaded per 3 mm well
and subjected to Western blottingigure 4). Overall, the blots DISCUSSION
probed with rabbit and goat IgG and human IgE show a similar ~ Food allergic individuals can react adversely to the ingestion

only 18% of the expected signal was detected. The lower values
g)r detected CMP parallel the general reduction in total protein
Solubility following heat treatment. Note that the proportion of
CMP detected in all extracts was fairly uniform at between 40
and 57% regardless of the processing technique.

pattern, although, upon heat processing, one baneb&tkDa of sometimes minute quantities of allergenic foods, including
was diminished in relative intensity as compared to the native trace residues contaminating otherwise nonallergenic foods. The
protein extracted from unprocessed cashew flour. threshold dose needed to trigger an allergic reaction has not

The processed cashew samples were also evaluated for effectbeen defined for tree nuts and almost certainly varies from food
of processing on antigenicity using the sandwich ELISA. One to food and from one individual to another. The improper
hundred milligrams of defatted processed and unprocessedabeling by the supplier/manufacturer and the lack of knowledge
cashew samples was extracted and diluted at 1:2000 (v/v) andof food components on the part of the consumer are contributing
subjected to the ELISA. For this assay, no adjustments werefactors in some cases of severe reactions to foh€s (
made for differences in protein solubility. The amounts of  Several new methods based on ELISA have been developed
extractable protein and the CMP levels detected in the variously for the detection of trace amounts of allergens in foods. Assays
processed samples are showrTable 6. Some diminution of for peanut 20), almond (8, 21), and hazelnut32) have been
reactivity was found in all processed samples but was most described. These assays have the most immediate application
pronounced in the oven roasted sample (12020 min) where in the food industry and regulatory agencies where raw ingre-

Table 6. Effect of Processing? on CMP Detection (1:2000 v/v Dilution of the Whole Extract)

total extractable extractable protein CMP detected in CMP as % of CMP as % of
protein from as % of unprocessed extract from 100 mg unprocessed total soluble
processing method 100 mg flour (mg) cashew sample flour (mg) cashew sample protein

unprocessed (control) 19 100 9 100 47
roasted (170 °C, 20 min) 4 21 1.6 18 40
microwave roasted (500 W, 2 min) 14 74 8 89 57
autoclaved (121 °C, 15 psi, 10 min) 9.3 49 4 44 43
blanching (100 °C, 10 min) 9.2 48 51 57 55

2 All samples were defatted prior to protein extraction.
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dients, processing equipment, and final products can be checkedhe noncashew protein extracts, despite the large excess of nut
for contamination to protect the food allergic consumers more and seed protein on the columns, we suggest that some of the
efficiently. signal generated may have a nonimmunological basis. Neverthe-
Because reactions to cashew are reported to be as severe d§ss, the minimal apparent cross-reactivity should not be
those to peanutld), it is important to develop a method to detrimental to the performance of the ELISA for its intended
detect trace amounts of cashew in food. Our aim was to developapplications (i.e., detection of cashew nut in foods).
a cashew specific detection system for both screening and The ELISA was developed using CMP as the standard since
quantification purposes. The capture ELISA was able to quantify CMP is a major component of extractable cashew protein and
extractable CMP from cashew-spiked food with reasonable can thus serve as a stand-in for total protein extract. Interestingly,
accuracy in most case$dbles 2-4). The presence of cashew although the relative intensities vary, the goat I9gG antibody
nut was also detected in commercial food samples known to (Which was raised against a total extract of cashew and was
contain cashew nutsTéble 5). Because the rabbit anti-CMP  used as the capture antibody), the rabbit IgG antibody (which
and goat antiwhole cashew nut protein extract reagents bothwas raised against CMP and was the detection antibody), and

recognized a similar set of bands on Western blot and reactedthe human IgE antibody (presumably stimulated naturally,
similarly when used as either the capture antibody or the reporterfollowing food ingestion) all reacted with similar bands on

antibody in the ELISA, it is likely that the CMP complex

Western blots. This suggests that CMP is not only a major

contains most of the antigens recognized by both species. Thusprotein in the extract by percentage but that it includes the
the CMP purification step may be unnecessary. The immu- immunodominant antigens present in the total extractable cashew
noadsorption step was essential in improving the specificity of Proteins. Thus, we have three different species sensitized in
the assay by greatly reducing the level of cross-reactivity. different ways and with different cashew protein fractions yet
Confidence in the value of these reagents is increased by thedll reacting to cashew proteins similarly. We have observed a
observation that they recognized many of the same proteins asSimilar phenomenon with goat, rabbit, and human polyclonal

did human allergic IgERigure 2).

The stability of cashew nut under processing conditions
frequently encountered in food processing was also evaluated.
The ELISA and Western blot data both show that roasting,

and mouse monoclonal antibodies in reaction with AMP, the
almond major protein29).

In summary, the ELISA successfully detected residues of

CMP at concentrations below the reported 10 ppm threshold of

autoclaving, and blanching somewhat reduced CMP detectabil-concem to allergic individualslg). Specifically, the assay is
ity. This decrease in CMP signal in the ELISA appears due capable of detecting pure CMP at concentrations of as low as

primarily to a heat-induced reduction in protein solubility,

0.02 ppm (0.000002%). When mixed with food, CMP is

although Western blot analysis showed that certain bands wered€tectable at 1 ppm (044g/100 mg food) and has been applied
disproportionately affected by the heat treatments suggesting!® cashew nut detection in wheat flours, cereals, spices,
possible destruction (or partial destruction) of certain epitopes. chocolate, and snack foods. This sandwich ELISA should

recognizing a similar subset of extractable proteins in both the
unprocessed and heat-treated samples (Westerriote 4)
and the Western and ELISA data are similarly affected by

Because the rabbit, goat, and human antibodies seem to bé[herefore be of value to the food |ndustry, regu‘!a'tory a,ge“"'es’
and concerned consumers for the detection of “hidden” cashew

allergens.

specific heat processing methods, the ELISA assay appearsM3BREV"A‘T'O'\IS USED

likely to be recognizing the same proteins and in roughly the

CMP, cashew major protein; ELISA, enzyme-linked immu-

same proportion as does the patients’ IgE. It is not unreasonablenosorbent assay; BSB, buffered saline borate; SPSGE,
to assume that patient reactivity to the processed nuts will be sodium dodecyl sulfate polyacrylamide gel electrophoresis;
similarly graded depending upon the heat treatment process.BSA, bovine serum albumin; NC, nitrocellulose; TBS-T, Tris-

However, there are as yet no clinical data comparing patients’ puffered saline with 0.2% Tween-20; PBS, phosphate-buffered
reactivity to native vs variously processed cashew nuts nor is it saline; RT, room temperature-25 °C).

known what fraction of heat-processed protein or CMP is
ultimately available for interaction with IgE in vivo. Should
such studies demonstrate that significantly more allergenic
cashew nut protein is released in vivo than is detected by our
extraction/ELISA assay procedure, then alternative extraction
methods will need to be explored.

The antisera used in the ELISA had high specificity for
cashew nut protein due to its immunoadsorption against cross-
reactive proteins. It has been previously reported that there are
cross-reactions among cashew, pistachio, sunflower seed,
walnut, peanut, almond, and chestnut in some allergic patients
(23—28). These various cross-reactive proteins are likely to share
some epitopes and should be further investigated. This would
be especially true of pistachio, which is a member of the same
plant family (Anacardaceag Moreover, patients allergic to one
or the other of these nuts frequently show reactivity to both
(27, 28). With the exception of chestnut, we have verified that
adsorption of the antibodies with proteins extracted from these
various nuts and seeds significantly reduced or eliminated cross-
reactivity. Because the immunoadsorptions were not fully
successful in eliminating all signal generation in the ELISA by
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