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Abstract: The aim of this study was to compare the suitability of two methods enzyme-linked immunosorbent
assay (ELISA) and polymerase chain reaction (PCR) used for detection of defatted soybean powder. We have
analysed 20 artificially contaminated samples prepared by simple dilution with wheat flour. Sample one was
prepared as a combination of 1 g of defatted soybean powder with 1 g of wheat flour. Sample has been
homogenized by vortexing. Next sample was prepared as combination of one gram of previous sample and 1 g
of wheat flour. According to this methodology all twenty samples were prepared. Detection of defatted
soybean powder in artificially contaminated samples has been performed using both methods. We detected
significant differences between both used methods. We were able to detect presence of defatted soybean
powder in artificially contaminated samples with using of both methods. Wheat flour contamination by
defatted soybean powder was detected at least in sample 13 (0.012 %/122 mg × kg–1) by PCR method.
Defatted soybean powder was not detected in samples 14 up to 20.
Samples from 1 to 10 have not been quantified because absorbance values ranged above detection limit.

Samples from 11 to 20 were quantified, but only measured values of sample 16, 17 and 18 were in the
guaranteed quantification range provided by ELISA kit manual. We have detected defatted soybean powder
contamination in samples 19 and 20 but absorbance values were highly similar to absorbance of the control
sample.
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Allergic reactions to foods are an important medical problem throughout the
industrialized world. The occurrence of food allergy appears to be strongly influenced
by genetics. In addition, genetic susceptibility alone does not explain the prevalence of
food allergy satisfactorily, leaving ample room to consider the importance of environ-
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mental influences (external, maternal and gastrointestinal environment) and interactions
between the host and the environment [1]. Food allergy is an inadequate immune
response to some foods containing a food allergen or allergens. Food allergens are the
most common water soluble glycoproteins, mostly with acid pH and molecular weight
from 10 to 70 kDa [2]. Allergic reaction involves two actions of the immune system.
Immune system produces immunoglobulin E (IgE), a type of protein that works against
a specific antigen. This protein is called a food-specific antibody, and it circulates
through the blood. The food-specific IgE then attaches to mast cells, the cells are found
in all body tissues. They are more often found in areas that are typical sites of allergic
reactions. Those sites include nose, throat, lungs, skin and gastrointestinal tract. Clinical
allergic people are suffering from a number of the symptoms in the range from allergic
coryza, asthma, atopic dermatitis to life threatening anaphylactic shock [3, 4]. An
allergic reaction to food can take place within a few minutes to an hour. The process of
eating and digesting food affects the timing and the location of manifestation of the
symptoms [5]. In adults, the following foods that most often cause allergic reactions
include: shellfish, peanuts, tree nuts, fish, hen’s egg. The most common foods that cause
problems in children are: hen’s egg, cow’s milk and peanuts. Tree nuts and peanuts are
the leading causes of deadly food allergy reactions [6]. Over 90 % of IgE-mediated food
allergies in childhood are caused by eight foods: cow’s milk, hen’s egg, soy, peanuts,
tree nuts (and seeds), wheat, fish and shellfish [7]. Food allergy is characterized by
acute reactions, such as the oral allergy syndrome, urticaria, angioedema, vomiting,
diarrhoea, dyspnoea, allergic asthma, bronchospasm, dermatitis, edema, eczema, rhinitis
and even anaphylactic shock [8]. Anaphylaxis is a serious, rapid-onset, allergic reaction
that may cause death. Severe anaphylaxis is characterized by life-threatening upper
airway obstruction, bronchospasm and/or hypotension [9]. Delayed reactions such
as flare up of eczema may occur, but are less frequently reported [10, 11].

Food manufacturers have to declare all food allergens on the labels of their products.
Any ingredient used in production of a foodstuff and still present in the finished
product, even if in altered form, shall be indicated on the label with a clear reference to
the name of this ingredient [12]. Soybean is recognized as one of the major food
allergens (14 food allergens), which can be present in food and therefore must be
labeled according to the European Directives [13–16]. Moreover, if the origin of the
soybean is genetically modified, labeling of this fact is also required according to the
European Regulations [17, 18]. In case of allergic reaction to some food that contained
specific food allergen and it was not declared on the label is recognized in a consumer’s
organism, manufacturer will responsible for mayhem.

Many tests for the detection of soy proteins in foods have been described in
literature. Efficiency of the detection method depends mostly on food product type and
detection tool. Six methods were compared using eight food products by Pedersen et al.
[19]. The sandwich ELISA aimed at native soy proteins had the lowest detection limit,
but in limited number of products. PCR methods are useful for all products with
different detection limit. Advantage of PCR methods is simultaneous detection of GM
(genetically modified) products and sensitivity for highly processed food [20]. In spite
of DNA resistance to food processing, damage within the DNA fragments is believed to
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be caused by the exposure to heat or pressure, enzymatic degradation by nucleases,
water activity and pH values [21–23]. Nowadays, enzyme-linked immunosorbent assay
(ELISA) is also able to detect presence of soy proteins in denatured and heated soy
protein isolate samples [24] or in processed food [25].

Material and methods

Detection of defatted soybean powder frequently used for commercial food produc-
tion has been performed using two methodologies. PCR method has been used for its
DNA resistance to food processing and ELISA method for targeting to soy protein and
quantification potential. Both methods were used for analysis of artificially con-
taminated samples (Table 1) prepared by simple dilution by wheat flour. Sample one
was prepared as a combination of 1 g of defatted soybean powder with 1 g of wheat
flour. Sample has been homogenized by vortexing. Next sample was prepared as
combination of 1 g of previous sample and 1 g of wheat flour. According to this
methodology were prepared all twenty samples.

PCR method

Genomic DNA was extracted from each admixed sample by using a NucleoSpin®
Food purification kit (Macherey-Nagel, Switzerland). Extracted DNA was quantified at
l = 260 nm by NanoPhotometerTM (Implen GmbH, Germany) and diluted with the
appropriate volume of distilled water to a final concentration of 25 ng × cm3, samples
have been stored in –20 oC until needed. Primers have been designed according to Hurst
et al [26]. Primers LE1(5¢GAAGCAACCAAACATGATCCTC3¢)andLE2(5¢ATGGAT
CTGATAGAATTGACGTTA3¢) amplify a 407 bp portion of the lectin gene of Glycine
max.
The reaction mixture for PCR was prepared in a PCR reaction tube. The reaction

volume of 50 mm3 of genomic DNA, 0.25 mM dNTP, 1.8 mM MgCl2, 1 mM of the 5¢
and 3¢ primers, and 1 unit of GoTaq® Hot Start Polymerase (Promega, Medison USA),
all topped up with distilled water. The reaction was buffered with Green Go Taq® Flexi
Buffer (Promega, Medison USA) and amplified in a thermal cycler (PTC-150
MiniCyclerTM, MJ Research, Watertown USA). The PCR step-cycle condition was as
follows: pre-incubation at 94 oC for 2 min, 40 cycles consisting of denaturation at 94 oC
for 45 s, annealing at 61 oC for 45 s, and extension at 72 oC for 1.5 min, followed by
a final extension at 72 oC for 10 min. After PCR amplification, agarose gel electro-
phoresis of the PCR product was carried out using 1 % agarose gel. Fragments were
visualized using ethidium bromide and separated by 150 V for 40 min.

ELISA method

The tested samples were prepared according to the accepted sampling techniques
(Neogen’s® Food Allergen Handbook). The extraction solution was prepared according
to the procedural notes. It was preheated to 60 oC by immersing the bottle containing
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the extraction solution into the water bath allowing reaching 60 oC. The samples (1 g)
were transferred into the 50 cm3 plastic tubes. An extraction additive (0.2 g) was added
to the samples. The extraction solution was poured (25 cm3/60 oC) into the sample
plastic tubes. The plastic tubes with samples were capped and the extraction by shaking
in water bath at 60 oC for 15 minutes was performed. After extraction, the plastic tubes
were removed from the bath and materials were settled for 5 minutes before the next
step. The extracts were filtered by pouring at least 5 cm3 through a filter and the filtrates
as the samples were collected. The clear supernatants were used as the samples. The
extracts were cooled to room temperature before beginning analyses.
Twenty red-marked mixing wells for samples and five red-marked wells for controls

were removed and placed in the well holder. An equal number of antibody-coated wells
were removed and the strip was placed in the well holder. Each control and sample
extract was transferred (150 mm3) to the red-marked mixing wells using a new pipette
tip for each. Controls and sample extracts (100 mm3) were transferred using the
12-channel pipettor to the antibody-coated wells. The wells were mixed in the well
holder for 20 seconds. The microwells were incubated for 10 minutes at room
temperature (18–30 oC). The contents of the wells were emptied into a sink. Each
antibody well was washed with a wash bottle filled with the wash buffer solution and
dumped out. This procedure was repeated 5 times, then the wells were turned upside
down and tapped out on the paper towel until the removing washing solution. Conjugate
from the blue-labelled bottle (100 mm3) was using the 12 channel pipettor transferred
into all the wells and mixed in the well holder for 20 seconds. The microwells were
incubated for 10 minutes at room temperature (18–30 oC). All the wells were washed
with the wash buffer solution as described previously. Conjugate from the green-
-labelled bottle (100 mm3) was using the 12 channel pipettor transferred into all the
wells and mixed in the well holder for 20 seconds. The microwells were incubated for
10 minutes at room temperature (18–30 oC). Red Stop solution from the red-labelled
bottle (100 mm3) was using the 12 channel pipettor transferred into all the wells and
mixed in the well holder for 20 seconds. The bottoms of the microwells were wiped and
read in a microwell reader with l = 650 nm filter. The results were interpreted using
STAT FAX 321/plus microwell reader (Awareness Technology, Palm City, FL).

Results and discussion

Both methods were able to detect soybean contamination. To assess the sensitivity of
both methods, we tested the mixed wheat flour samples containing diverse contamina-
tion (Table 1) of the defatted soybean powder. 50 ng of the genomic DNA extracted
from the mixed samples was amplified in the PCR reaction. Used primers were able to
amplify one discrete 407 bp long band. Results shown in Figure 1 demonstrate that the
wheat flour contaminated by defatted soybean powder can be detected at least at the
level of 0.012 %. Soy DNA was not detected from sample 14 to sample 20,
contamination between 61 mg × kg–1 and 1 mg × kg–1 of defatted soybean powder.
Results in Figure 1 show the intensity decreasing of PCR product. Sample 13 (122
mg × kg–1 of defatted soybean powder) has the lowest intensity but it is still detectible.
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Observed detection limit is lower than 1 % described by Meyer et al [27] using similar
primers based on soya lectin Le1 gene. Our results are similar to Gryson et al [28] who
declare the detection limit for defatted as well as for the full-fat soybean flour samples
low as 0.2 % of the soy ingredient on total flour weight basis. Products without
processing were tested for detection limit of soybean contamination by Yamakawa et al
[29]. Designed primers based on repetitive sequence SIRE1 were able to decrease the
detection limit of wheat flour contaminated by soybean flour in a product without
processing to level about 0.001 %.

Artificially contaminated samples were tested by ELISA kit. One gram of sample
was analysed and calorimetrically quantified. We were not able to detect clear detection
limit as by PCR method because of negative control absorbance. According to
quantification range provided by ELISA kit manual, we can clearly quantify con-
tamination between 2.5 ppm [mg × kg–1] and 25 ppm [mg × kg–1] of soybean protein.
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Table 1

Artificial contamination by defatted soybean powder

Soya contamination
PCR

ELISA

sample [%] [mg × kg–1] [mg × kg–1]

1 50 — +

Out of detection
range

Out of guarante-
ed quantification

range

2 25 — +

3 12.5 — +

4 6.25 — +

5 3.125 — +

6 1.5625 — +

7 0.7813 — +

8 0.3906 — +

9 0.1953 — +

10 0.0977 — +

11 0.0488 488.3 + 756.9

12 0.0244 244.1 + 251.3

13 0.0122 122.1 + 86.3

14 0.0061 61.0 — 43.1

15 0.0031 30.5 — 30.1

16 0.0015 15.3 — 15.3

17 0.0008 7.6 — 4.9

18 0.0004 3.8 — 3.2

19 0.0002 1.9 — 0.9

20 0.0001 1.0 — 0.6



Declared quantification range is higher than the limit of quantification 1 ppm
[mg × kg–1] defined by Koppelman et al [25]. They have detected soy in following test
materials: native soybean meal, soy protein isolate, soy protein concentrate, and
textured soy flakes with using sandwich and inhibition ELISA. Competition ELISA
format resulted in a sensitive test with a detection limit of 0.02 mg/cm3, corresponding
to 0.4 mg/g (0.4 ppm) in food samples. Obtained results based on ELISA method are
presented in Table 1 in independent column. Samples 1 to 10 contaminated by
subsistent percentage of defatted soybean powder have not been quantified because
absorbance values ranged above detection limit. Samples from 11 to 20 were quantified,
but only measured values of sample 16, 17 and 18 can be considered as accurate. The
lowest detection limit of our samples is still higher than detection limit of 0.05 ppm
(sandwich ELISA) determined by Pedersen et al [19], and the highest detection limit of
our samples is also higher than detection limit of 21 ppm (competitive ELISA) using
eight food products with a declared content of soy. We were able to detect soy
contamination in samples 19 and 20 but absorbance values were highly similar to
absorbance of negative control. Confrontation of ELISA quantification with artificial
contamination shows similar contamination data.

Conclusions

We were able to detect presence of defatted soybean powder in artificially
contaminated samples with using of both analytical methods. Wheat flour con-
tamination by defatted soybean powder was detected at least in sample 13 (0.012 %/122
mg × kg–1) by PCR method. Defatted soybean powder was not detected in samples 14 up
to 20.
Samples from 1 to 10 have not been quantified because absorbance values ranged

above detection limit. Samples from 11 to 20 were quantified, but only measured values
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Fig. 1. Detection limit of PCR method

lane1: sample 14 [61 mg × kg–1]; lane2: sample 13 [122.1 mg × kg–1]; lane3:
sample 12 [244.1 mg × kg–1]; lane4: sample 11 [488.3 mg × kg–1]; lane5:
sample 10 [977 mg × kg–1]; lane M: 100-bp ladder size standard



of sample 16, 17 and 18 were in the guaranteed quantification range provided by ELISA
kit manual. We have detected defatted soybean powder contamination in samples 19
and 20 but absorbance values were highly similar to absorbance of negative control.
According to presented results, we can confirm the high accuracy of selected ELISA

kit for detection of soy protein in defatted soybean powder. We are able to quantify
detection limit of PCR methods for detection of defatted soybean powder in wheat flour
to level above 122 mg × kg–1.
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PORÓWNANIE MO¯LIWOŒCI ZASTOSOWANIA METODY ELISA I PCR
DO DETEKCJI ODT£USZCZONEJ M¥KI SOJOWEJ

Abstrakt: Celem badañ by³o porównanie mo¿liwoœci zastosowania metod ELISA i PCR do detekcji

odt³uszczonej m¹ki sojowej. Przeanalizowano 20 sztucznie zanieczyszczonych próbek m¹ki pszennej. Próbka

pierwsza zosta³a przygotowana poprzez zmieszanie 1 g odt³uszczonej m¹ki sojowej z 1 g m¹ki pszennej.

Próbka ta zosta³a zhomogenizowana przez wirowanie. Nastêpn¹ próbkê przygotowano przez zmieszanie 1 g

próbki pierwszej z 1 g m¹ki pszennej. W ten sposób przygotowano 20 próbek o zmniejszaj¹cej siê zwartoœci

m¹ki sojowej. Obydwie metody, tj. ELISA, jak i PCR, umo¿liwia³y stwierdzenie zanieczyszczenia m¹k¹

sojow¹. Odnotowaliœmy statystycznie istotne ró¿nice miêdzy wynikami uzyskanymi przy stosowaniu tych

dwóch metod badawczych. Metoda PCR pozwala³a na wykrycie odt³uszczonej m¹ki sojowej do próbki 13

(0,012 %/122 mg × kg–1). U¿ywaj¹c tej metody, nie mo¿na by³o wykryæ m¹ki sojowej w próbkach od 14 do

20. Zawartoœæ m¹ki sojowej w próbkach 1 do 10 by³a zbyt du¿a i przekracza³a zakres oznaczalnoœci metody

ELISA. Mo¿liwe by³o wykonanie oznaczeñ w próbkach od 11 do 20, jednak wy³¹cznie wyniki z próbek 16,

17 i 18 zawiera³y optymaln¹ iloœæ m¹ki sojowej do oznaczeñ metod¹ ELISA. Wykryliœmy równie¿ m¹kê

sojow¹ w próbkach 19 i 20, jednak wartoœci absorbancji by³y bardzo zbli¿one do absorbancji w próbkach

kontrolnych.

S³owa kluczowe: odt³uszczona m¹ka sojowa, PCR, ELISA, zakres wykrywalnoœci, zanieczyszczenie
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