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Abstract

Allergens in processed foods may place persons with food allergies at significant risk when the labels do not
provide sufficient warnings or identification of high-risk ingredients. Because egg proteins are common food al-
lergens, this study was carried out to identify hen’s egg albumin (ovalbumin, OVA) in five commercially proc-
essed foods containing egg (custard, cookie and pasta), and chicken meat (sausage and meatball) by immuno-
logical methods using commercially produced murine monoclonal immunoglobulin G (M-IgG), immunoblotting
and enzyme linked immunosorbent assay (ELISA). Sample buffer with chelating and reducing agents was pre-
pared and used for the preparation of the protein fractions from the foods. Most bands in sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) profile (5~15% gradient gel) presented at 75 kDa below. OVA
(43 kDa) in the sample lanes could not be visually observed on the gel. However, OVA in solutions prepared
from custard and cookie could be detected by M-IgG, but were not detected in sausage and pasta. OVA in all
samples could be quantitatively determined by the equation obtained from the standard curve by ELISA. Cookie
and custard containing egg white and egg, respectively, contained very high concentrations of OVA. OVA in
the other products were present in relatively low concentrations, but sufficiently high to pose possible risk of
allergy. ELISA is a very sensitive and precise method for the identification and quantification of allergens in

food products including allergy-inducible materials.
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INTRODUCTION

Egg is widely used as an ingredient in the production
of bread, cookie and cake, noodle and pasta, meat prod-
ucts, etc, for specific applications such as flavor enhance-
ment, gelation, foaming action, thickening, and emulsifi-
cation (1). However, egg white is one of the most prevalent
allergens responsible for food hypersensitivity reactions,
particularly in atopic children (2). Egg-white constituents
appear to be excellent indicators for the assessment of
masked allergens in processed foods (3-5). Egg white con-
tains about 40 different proteins, some of which have been
shown to be major allergens, including: ovalbumin (OVA),
ovotransferrin, ovomucoid and lysozyme (6). OVA (54%
of whole egg white) is the most extensively studied aller-
gen having been subjected to considerable basic research
as a model allergen (7,8). Hidden allergens can be present
in processed food when an allergenic ingredient is added,
but not disclosed on the label, thereby presenting a poten-
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tial risk for allergic consumers (9,10). Detection of the indi-
vidual constituents of modem food products can be diffi-
cult due to low concentrations of allergens, or treatments
involved in their production which can modify allergen po-
tency. It is important to assess the allergenicity and preva-
lence of masked allergens for the protection of food-aller-
gic consumers (5).

Chicken meat is sometimes added to processed meat
products to reduce production cost while maintaining high
quality protein values in the final product (11). Because
chicken albumin is derived from egg albumin, patients
with either chicken or egg allergy may have cross-reac-
tions with the other (12); safety against egg allergy should
also be ensured in the products containing chicken meat.

Although many processed foods containing egg are do-
mestically produced, many products contain no notice
phrases such as “May be allergy-induced by egg or/and chick-
en meat” on the label with the other product information
such as nutrition values. Unfortunately, egg allergy reac-
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tions caused by the intake of processed foods, without wamn-
ings, are frequently reported by medical associations (13),
therefore cautionary label warnings are needed to prevent
allergic reactions from the ingestion of these products by
allergic individuals.

Several studies have been conducted to determine egg
or egg white content of food products by the application
of electrophoresis, chromatography and immunochemical
methods (14,15). Immunochemical approaches can be pre-
cisely and rapidly used to identify egg proteins added to
processed food (16,17).

In this study, immunoblot and competitive indirect en-
zyme linked immunosorbent assay (Ci-ELISA) methods,
using a commercially produced murine monoclonal anti-
body (Ab) against OVA as a model antigen (Ag), were eval-
uated for use as preliminary assays for rapid and precise
determination of egg allergens in domestically sold foods
that have no warning notification of egg allergen ingre-
dients.

MATERIALS AND METHODS

Protein and antibodies

Isolated hen’s egg albumin (OVA) was purchased from
the Sigma Chemical Co. (St Louis, MO, USA) to use as
a standard Ag of egg white protein. OVA was dissolved
in 0.01 M sodium phosphate buffered saline (PBS) with
0.15 M NaCl, pH 7.4 and adjusted to a final concentration
of 2.0 mg/mL. Murine monoclonal immunoglobulin G (M-
IgG) against OVA was also purchased from the Sigma
Chemical Co. Horseradish peroxidase (HRP) conjugated
to rabbit anti-mouse IgG (Sigma Chemical Co.) was used
as secondary Ab with a chromogenic enzyme (tracer).

Sample preparation

Custard, pasta, cookies, comminuted sausage, and meat-
balls were purchased from a domestic market and used
in the subsequent experiments. The approximate composi-
tions of the products are shown in Table 1.

Two-gram sample was homogenized in extraction buffer
(0.1 M PBS, pH 7.0 containing 6 M urea, 0.01 M ethylene-
diaminetetra acetic acid disodium salt and 0.01 M dithio-
threitol) as the previous research (16) for 2 min.

The homogenate was stirred at 4°C for 4 h and centri-

fuged at 9,000 X g for 30 min. The supematant was filtered
through a 0.45 um filtration kit (MILLEX "_HV, Millipore,
Molsheim, France) and dialyzed in a cellulose tube (pore
size < 5,000, Spectrum"R Medical Industries, Inc., Houston,
TX, USA) in 0.01 M PBS. After dialysis, the protein con-
centration of the sample solutions werc determined using
a bicicinchonic acid protein assay kit (Sigma Chemical Co.)
with bovine serum albumin (BSA) solution as a standard
and a spectrophotometer (UV-1600PC, Shimadzu Corp.,
Kyoto, Japan) set at 562 nm, as the previously described
method (18).

SDS-PAGE and immunoblot

SDS-PAGE (5~15% gradient gel) for sample solutions
(2.0 mg/mL) was performed by Laemmli’s method (19)
using a Hoefer vertical electrophoresis apparatus SE-600
(Pharmacia Biotech., Uppsala, Sweden), and a staining and
destaining method on a gel as the previously described
method (20). A prestained molecular weight marker was
purchased from Bio-Rad Laboratories (Hercules, CA, USA)
to determine the molecular weights. The marker consisted
of myosin (208 kDa), p-galactosidase (115 kDa), BSA (79.5
kDa), OVA (49.5 kDa), carbonic anhydrase (34.8 kDa),
soybean trypsin inhibitor (28.3 kDa), lysozyme (20.4 kDa)
and aprotinin (7.2 kDa).

Proteins on another gel electrophoretically separated un-
der the same conditions were transferred onto a nitrocel-
lulose paper (pore size <0.45 um, Sigma Chemical Co.)
by the previously described method (21), and the immuno-
blotting with M-IgG was performed in a rotary incubator
(Techne Ltd., Duxford, Cambridge, UK) by the induction
procedure for immune reaction between M-IgG and OVA
using the same ELISA conditions, except that the dilution
rates were 1:1,000 for M-IgG and 1:5,000 for the tracer,
and 4-chloro 1-naphtol (Sigma Chemical Co.) was used as
the chromogen.

Ci-ELISA

Ci-ELISA was formatted with M-IgG by the method
reported previously (22). Briefly, polystyrene flat-bottom
microtiter plates (Maxisorp, Nunc, Kamstrup, Denmark) were
coated with 100 uL of OVA solution (1.0 pg/mL) in a 0.2
M bicarbonate buffer, pH 9.6, overnight at 4°C. All subse-
quent steps were performed at 37°C. Plates were washed

Table 1. The approximate compositions of the processed foods used in this experiment

Products Raw materials (content) ~_ Remark
Custa'rd Flour, shorten.mg, whye sugar, egg, lsqmaltose ohgome.r _ No indication of the
Cookie Flour, shortening, white sugar, egg white, powdered skim milk .

. content of materials
Pasta Durum wheat semolina
Sausage Chicken meat (45.04%), pork (27.44%), starch, frozen gluten, isolated soy protein,  Partial indication of

calcium sorbate, sodium nitrite, sodium erithrobate, coloring agent the content of

Meatball Pork (46.37%), chicken (17.53%), beef (9.26%) materials
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three times with 0.01 M PBS containing 0.05% (v/v) Tween
20 (PBST). To reduce non-specific binding, the plates were
blocked by incubation for 2 h with 120 uL. of PBS con-
taining 1% (w/v) BSA. After washing, 50 pL of either stan-
dard or sample solutions were added to coated and blocked
wells, and then 50 pL. of Ab solutions were added. The plates
were incubated for 2 h, and then washed three times with
PBST. After the addition of 100 pL of tracer solution to
the wells, the plates were incubated for 2 h. The plates were
then washed, and 100 pL of 0.04% o-phenylenediamine
(Sigma Chemical Co.) in 0.1 M phosphate-citrate buffer,
pH 5.0 with 0.04% hydrogen peroxide (vfv, 35% H.0»)
was added to produce the color reaction for 20 min before
stopping the reaction with 2.0 M HaSO;4 (50 pl/well). The
absorbance was measured at 492 nm using an ELISA read-
er (CERES UV-900C, BIO-TEK Instruments Inc., New
York, NY, USA).

For standards, OVA solution was serially prepared in
concentrations from 3.9 pg/mL to 4,000 ug/mL. Sample
solutions were also serially diluted to 32 times in PBS.
M-IgG and tracer were diluted 10,000 times and 20,000
times, respectively in PBS.

The concentration of OVA in diluted sample solution
was determined using a standard curve derived from the
reaction of M-IgG to OVA in Ci-ELISA.

Statistical analysis

All samples were done in triplicate and the experiments
were repeated 5 times. The means and standard deviations
were used to evaluate the detected concentration of OVA
calculated from the equation of M-IgG. The data were an-
alyzed by general linear procedures and least square means
of SAS™ (SAS Institute, Cary, NC, USA) (23).

RESULTS AND DISCUSSION

SDS-PAGE profile and immuncblot

SDS-PAGE profiles (5~15% gradient gel) of proteins
in sample solutions are shown in Fig. 1. Most bands on
the gel represent proteins at about 75 kDa below. OVA
(43 kDa) in the lanes of samples could not be seen on
the gel. However, OVA in the molecular weight marker
lane and in solutions prepared from custard and cookie
could be detected by immunoblotting with M-IgG, even
though the results were unable to be seen on a photo due
to weak binding reaction (Fig. 2). OVA were not detected
in samples of sausage and pasta. A sample solution pre-
pared from meatballs was loaded onto a gel and electro-
phoretically separated, but yielded poor quality results that
could not be interpreted (data not shown), therefore im-
munaoblot to the gel was not performed.

In general, SDS-PAGE has been widely used for the de-
termination of protein profiles in protein samples (19).
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Fig. 1. SDS-PAGE profile of proteins in sample solutions. M,
Prestained molecular weight standard marker; S, standard oval-
bumin; A, Custard; B, Cookie; C, Sausage; D, Pasta. Numbers
on the left side indicate the molecular weights (kDa) of the stan-
dard marker.
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Fig. 2. Immunoblot of ovalbumin in sample solutions by murine
monoclonal IgG. M, Prestained molecular weight standard mark-
er; S, standard ovalbumin; A, Custard; B, Cookie; C, Sausage;
D, Pasta. Numbers on the left side indicate the molecular weights
(kDa) of the standard marker.

However, it is not sensitive enough to detect very small
amounts (< 1.0 ug/mL) of target proteins, even if the silver-
staining method is used (6). Furthermore, some proteins
cannot be positively identified because of the existence of
proteins with the same molecular weight. This problem can
be solved by using blotting techniques employing specific
Ab. Ab can recognize a specific site on an Ag, and this
recognition appears the chromogenic result by the reaction
with the Ag on a paper transferred from a gel (21).

Quantification of OVA in sample solutions by Ci-
ELISA
A standard curve was obtained for quantifying the OVA
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in a sample solution (Fig. 3). The curve, which appeared
as a sigmoid line, could be generally obtained from a semi
logarithmical function as previously reported (24,25). OVA
could be quantitatively determined in the range of 7.8 to
500.0 ug/mL and the concentration could be calculated by
the equation (X = €043y derived from the curve:
where X is the concentration of OVA in sample solutions
and Y is the average OD value of the microwells of a
sample solution. The ELISA formatted in this study could
be applied to determine small amounts (1 pg/g sample)
of OVA in samples.

Table 2 shows the concentrations of OVA in sample
solutions prepared from processed foods including egg or
chicken meat by Ci-ELISA. Cookie and custard, made with
egg white and whole egg, respectively, had a very high
OVA content. All other products had relatively low concen-
trations of OVA.

Because a very small amount of allergen, less than 10
~20 ng/g, can induce egg hypersensitivity reactions (2,4),
and all of the products we tested had that much or more,
it is important that labels clearly indicate all ingredients
and provide warnings of possible allergic reactions.
However, patients with egg allergies are frequently unable
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Fig. 3. Standard curve for quantifying ovalbumin (OVA). The
curve was made by Ci-ELISA formatted with murine monoclonal
IgG (M-IgG). Standard solution was prepared by the dilution of
ovalbumin solution (4.0 mg/mL. in PBS buffer, pH 7.4). The equa-
tion in figure was used to determine the amount of OVA in sam-
ple solution recognized by M-IgG. X and Y indicate the concen-
tration of OVA and OD value obtained from immune reaction
of M-IgG and OVA coated onto microwell, respectively.

to obtain the necessary ingredient information (Table 1)
and are exposed to the risk of serious, possibly life-threat-
ening, allergic reactions (13).

We searched domestic food product information data for
consumer warnings or declarations indicating ingredients
that might cause food allergy or food hypersensitivity reac-
tions on food labels, on- and off-line databases provided
by manufacturers, library sources, and associations and
related organizations over several years. However, none
of the sources we searched provided consumer warnings
or educational material related to food allergy.

Pasta used in this study, in which OVA was detected,
only listed the major ingredient, durum wheat semolina.
It is especially important for imported food items, such as
pasta for which the domestic population may be unfamiliar
with traditional ingredients, to be carefully regulated for
product ingredient labeling. Labeling laws requiring aller-
gy warnings for foods containing high-risk ingredients
should be enacted as a means of protecting public health.

Analytical methods using immunological approaches are
increasing used, due to the rapid and precise results for
identification and quantification of allergens in food prod-
ucts, including allergy-inducible materials (2,6,15). Immu-
nological assays can be used more effectively by utilizing
serial procedures for targeting Ag with epitopes durable
to processing, and employing various species of mono-
clonal or polyclonal Ab produced against target Ag, and
using them for designing novel analytical methods. More
correct results can be obtained by the use of solid phase
techniques, such as ELISA used in this study, radioimm-
unoassay, chemiluminescence immunoassay or fluoroscence
immunoassay than by the use of immunoblot or of liquid
phase techniques such as immunodiffusion and immuno-
rocket methods that were developed initially (3,7). Further-
more, the use of monoclonal rather than polyclonal Ab
is recommended due to the greater precision in identifying
certain Ag/allergens in foods (25). However, when mono-
clonal Ab are used, the property of Ag should be consid-
ered and evaluated. For example, ovomucoid has been de-
scribed as noncoagulable by heat and is not denatured by
8 M urea, whereas OVA is thermolabile (26,27). In con-
trast, the heat stability of the other allergens has not been
studied in detail. Because most processed foods are man-
ufactured by processing treatments that include changes in
pH and/or ionic strength, freezing and heating, etc, that
can denature Ag, the choice of the epitope (Ag-determinant

Table 2. Detected concentrations of ovalbumin in sample solutions prepared from commercially processed foods by Ci-ELISA

formatted with mouse murine monoclonal IgG unit (ug/mlL)
Custard Cookie Pasta Sausage Meatball
OVA content 43,184.1+2,182.7"  68,219.2+3,697.6 554011145 422.6+834 284.6+113.8

"Mean+SD (n=5).
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ite) is very important in the production of monoclonal Ab

2).
In conclusion, the immunological approach can be ef-

ectively used as a preliminary analysis for the detection
f egg allergens in processed foods.
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