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Abstract A direct competitive enzyme-linked immuno-
sorbent assay (ELISA) based on a monoclonal antibody has
been developed and optimized for detection of aflatoxin B1

(AFB1), and an ELISA kit has been designed. This im-
munoassay was highly specific, sensitive, rapid, simple,
and suitable for aflatoxin monitoring. AFB1 concentrations
determinable by ELISA ranged from 0.1 to 10 μg L−1. The
IC50 value was 0.62 μg L−1. Recovery from spiked rice
samples averaged between 94 and 113%. The effect of
different reagents on the stability of HRP–AFB1 conjugate
solution was studied. The performance of a stabilized en-
zyme tracer in ELISA was determined and compared with
that of a freshly prepared control solution of HRP–AFB1

conjugate. The results showed that stabilizing media con-
taining 0.02% BSA, 0.1% Kathon CG, and 0.05 mol L−1

calcium chloride in 0.05 mol L−1 Tris-HCl buffer (pH 7.2)
maintained the activity of HRP–AFB1 at a dilution of
1:1000 for a period of at least 12 months at room tem-
perature whereas the reference conjugate solution without
the additives lost its activity within a few days. Several
additives were tested for their stabilizing effect on a
monoclonal antibody (MAb) immobilized on the surface of

polystyrene microtitre plates. It was shown that immobi-
lized MAb, treated with post-coating solutions containing
PVA, BSA, and combinations of these substances with
trehalose, retained its activity for at least 4 months at 4°C,
whereas the untreated MAb-coated plate lost its activity
within 2 days.
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Introduction

Aflatoxins are toxic fungal metabolites that contaminate a
wide range of agricultural products. There is an increasing
awareness of the hazards to both human and animal health
of aflatoxins present in food and feed. They are listed as
group I carcinogens by the International Agency for Re-
search on Cancer (IARC) [1]. Aflatoxin B1 (AFB1) is the
most significantly occurring and toxic compound. Aflatox-
ins are regulated in many countries and legal limits ranging
from 0 to 50 ng g−1 have been established for the com-
pounds [2]. Maximum levels stipulated vary from country
to country and depend on the commodity and its intended
use. The current maximum levels set by the European
Commission are 2 ng g−1 for AFB1 and 4 ng g−1 total
aflatoxins for groundnuts, nuts, dried fruits, and cereals [3].

The discovery of serious aflatoxicosis in farm animals
and the presence of aflatoxins in many food products
triggered a worldwide effort to develop analytical methods
for these compounds. Current analysis of aflatoxins is
performed by a variety of methods [4] including mainly
thin-layer chromatography [5], high-performance liquid
chromatography (HPLC) [6, 7], overpressured-layer chro-
matography [7, 8], and enzyme-linked immunosorbent
assay (ELISA) [9–11]. TLC is a relatively economical
method of aflatoxin detection, with little equipment re-
quired, and is still used broadly in developing countries
where limited or no facilities exist for monitoring these
toxins in foods and feeds. Chromatographic analysis is
widely accepted as an official method for aflatoxin de-
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termination. HPLC (normal and reversed-phase) have been
applied in conjunction with UV absorption, fluorescence,
mass spectrometry, and amperometric detection, with dif-
ferent clean-up procedures such as solid-phase extraction
(SPE), supercritical-fluid extraction (SFE), matrix solid-
phase dispersion (MSPD), and immunoaffinity chroma-
tography [5, 6, 12–16]. The application of cyclodextrins in
HPLC analysis of aflatoxins has also been described [17].
Recently, the use of a flow system coupled with capillary
electrophoresis has been reported [18]. Although sensitive
and accurate, most of the chromatographic methods de-
veloped are laborious, expensive, time-consuming, and
unsuitable for analysis of many samples; they also require
sophisticated equipment and extensive clean-up proce-
dures. The development and application of biosensors for
the detection of aflatoxins has also been described [19–21].
The main limitation of the use of biosensors is regeneration
of the receptor surface.

There has been an increasing demand for monitoring of
aflatoxins in developing regions such as South-East Asia,
Africa, and the Middle East where aflatoxin contamination
is rampant. They are the exporters of food and food
products which can suffer from aflatoxin contamination.
Immunoassays provide a simple and economical alternative
to instrumental methods for mycotoxin analysis. Applica-
tion of immunochemical methods, especially enzyme-
linked immunosorbent assay (ELISA), in the surveillance
of aflatoxins is becoming more widespread, because of the
sensitivity, specificity, rapidity, simplicity, and cost-effec-
tiveness of the methods. Production and characterization of
monoclonal and ultra-sensitive polyclonal antibodies to
AFB1 and their application in enzyme immunoassay and
immunoaffinity chromatographic methods for aflatoxins
have been reported [22, 23]. Different immunoassay tech-
niques for AFB1 have been developed rapidly in the past
two decades. To give a few recent examples, radioimmu-
noassay (RIA) [24], a rapid colorimetric sequential injec-
tion immunoassay system (SIIA) [25], a surface plasmon
resonance-based immunoassay [26], a strip liposome im-
munoassay (LIA) [27], an immunofiltration-based assay
using an improved catalysed reporter deposition (Super-
CARD) method of signal amplification [28], and a fluo-
rescence polarization (FP) immunoassay [29] have been
reported. The development of ELISA methods for AFB1

detection and their application to different matrices have
also been described [11, 30–32]. In general, ELISA has
several advantages for rapid screening of commodities for
aflatoxins. The detection limits of ELISA can be compara-
ble with or even lower than those obtained by use of
instrumental methods, although matrix effects are a com-
mon problem in immunoassays.

The quality and stability of immunoreagents (antibodies,
enzyme tracers) are important aspects of the performance
of immunoassays and of their standardization. Stabilization
of the biological components is an essential aspect of their
lifetime, which is significant in practical applications such
as on-line sample monitoring. Therefore, the long-term
storage and stability of the reagents has to be ensured. This
problem is of particular importance when introducing

enzyme immunoassays for mycotoxin analysis to labora-
tories in different parts of the world, especially tropical and
subtropical countries. A critical point remains the stability
of protein and, in particular, enzyme reagents. Stabilizing
an enzyme normally means suppressing the unfolding of
the protein and retaining the catalytic activity. The most
important methods for stabilizing enzymes are modifica-
tion of the protein structure by direct site mutagenesis,
immobilization to solid phases, chemical modification, or
addition of stabilizing agents, for example substrates,
products, inhibitors, cofactors, metal ions, proteins, sugars,
and natural or synthetic polymers [33, 34]. Horseradish
peroxidase (HRP) is most widespread of the enzymes used
for immunoassays. It can be quantified by use of a variety
of substrate systems ranging from colorimetric detection
with tetramethylbenzidine (TMB) to chemiluminescent
detection with luminol. The enzyme tracer is the most
sensitive reagent in ELISA. They are used in high dilution
and are often unstable. The development of ELISA kits
requires that their composition be as simple as possible and
that the number of dilution stages in the analysis should be
minimal. Choice of the optimum environment is known to
be one factor affecting enzyme stability. Several stabilizing
media have been developed and many substances have
been tested to stabilize solutions of HRP or its antigen-
bearing conjugates and other ELISA kit components [35–
38]. It was therefore important to determine the optimum
conditions for storage of diluted HRP–AFB1 conjugate and
to investigate the effect of different stabilizing agents on
the ELISA for AFB1.

This paper reports the development of a direct
competitive ELISA using monoclonal antibodies (MAb)
for detection of aflatoxin B1, stabilization of ELISA kit
components for long-term storage, and application of the
method to the analysis of spiked and naturally contami-
nated grain samples.

Experimental

Materials

Aflatoxins and other mycotoxins used for cross-reactivity
studies, bovine serum albumin (BSA; further purified frac-
tion V, approx. 99%), Tween 20, 3,3′,5′,5-tetramethylben-
zidine (TMB), 3,3′,5′,5-tetramethylbenzidine (TMB) liquid
substrate system, poly(vinyl alcohol) (PVA, 30,000–
70,000), glycine (minimum 99%), D-(+)-trehalose, N,N-
dicyclohexylcarbodiimide (DCC), N-hydroxysuccinimide
(NHS), and other chemicals used in the hapten synthesis, in
immunization, and in ELISA, common solvents, and salts
were purchased from Sigma (St Louis, MO, USA). Poly
(ethylene glycol) (PEG 4000 in 75 mmol L−1 Hepes (PEG
50%, w/v), sterile, fusion tested) was purchased from
Roche Diagnostics (Mannheim, Germany). Cell-culture
media (DMEM), fetal calf serum and supplements were
obtained from Gibco BRL (Paisley, Scotland). Kathon CG
was supplied by Vendico Chemical AB (Malmo, Sweden).
Dialysis membrane (Spectra/Por; MW cutoff 6,000–8,000)
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was obtained from Spectrum Laboratories (Rancho
Dominguez, CA, USA). Thin-layer chromatography (TLC)
plates (silica gel 60, fluorescent, 1 mm, 20 cm×20 cm) were
purchased from Merck (Darmstadt, Germany). Maxisorp
polystyrene 96-microwell plates were purchased from
Nunc (Rockilde, Denmark), and Removawell Strips were
purchased fromDynex Technologies (Chantilly, VA, USA).
All chemicals and organic solvents were of reagent grade or
better. Water used in all experiments was purified with a
NANOpure system (Barnstead, USA).

Phosphate-buffered saline (PBS, 0.05 mol L−1, pH 7.4)
was used in the experiments.

Standard solutions of aflatoxins were prepared by di-
lution of stock solutions of these compounds (1 mg mL−1,
in methanol).

Preparation of AFB1-oxime

The chemical structures of AFB1 and its derivatives used
for ELISA development are shown in Fig. 1. AFB1-oxime
was prepared according to the method described elsewhere
[39]. Briefly, 5 mg (20 μmol) AFB1 and 12 mg (60 μmol)
carboxymethoxylamine hemihydrochloride were dissolved
in 7 mL pyridine and incubated overnight at 37°C. Car-
boxymethoxylamine hemihydrochloride (12 mg, 60 μmol)
was then added to the mixture, which was incubated again
at 37°C for 6 h. Pyridine was evaporated and the product, a
yellow–brown oil, was dissolved in 10 mL 0.1 mol L−1

NaOH. The reaction mixture was extracted twice with
5 mL dichloromethane. The aqueous phase was acidified to
pH 2 with 5 mol L−1 HCl and formation of a white residue
was observed. The crude compound was extracted thrice
with 10 mL ethyl acetate. The combined organic phases
were dried (2 g anhydrous sodium sulfate), filtered, and the
solvent was evaporated. The product was separated by
TLC using dichloromethane/methanol (4:1, v/v) as mobile
phase. The yield of AFB1-oxime was 3.3 mg (7 μmol).

Synthesis of enzyme and protein conjugates
of AFB1-oxime

AFB1–BSA and AFB1–HRP (Fig. 1) conjugates were
synthesized using the activated ester method [40]. Briefly,
11.5 mg (100 μmol) NHS and 20.5 mg (100 μmol) DCC
were dissolved in 2 mL absolute DMF; 1 mL of this
solution (containing 50 μmol NHS and 50 μmol DCC) was
added to 3.3 mg (7 μmol) AFB1-oxime and the reaction
mixture was incubated overnight at room temperature. BSA
(15 mg, 0.25 μmol) was dissolved in 2 mL 0.05 mol L−1

carbonate buffer (pH 9.6) and cooled at 4°C for 2 h. The
solution of the active ester (300 μL) was slowly added
(drop by drop, with shaking) to the protein solution. The
reaction mixture was kept for 2 h at room temperature, then
overnight at 4°C, and then centrifuged at 3,000 rpm for
10 min. Subsequently, dialysis against 2 L PBS, which was
changed three times a day, was performed for 3 days.

The enzyme conjugate AFB1–HRP was prepared in a
similar manner, but using 2 mg (0.05 μmol) HRP in 1 mL
0.05 mol L−1 carbonate buffer (pH 9.6) and 70 μL of
activated ester solution.

Preparation of monoclonal antibodies

Monoclonal antibodies to AFB1 were produced in our
laboratory by the standard procedure [41] using AFB1–
BSA as immunogen.

Immunization AFB1–BSA (200 μg) in 0.2 mL sterilized
PBS was emulsified with an equal volume of Freund’s
complete adjuvant and given as two intraperitoneal in-
jections, at two-week intervals, to each of several 7-week-
old female BALB/c mice. Ten days later serum was
collected from the caudal vein of each mouse and titres of
antisera were determined by indirect ELISA. Three days
before cell fusion the mice, which produced antisera with
high titres, were given another intraperitoneal boost in-
jection without the adjuvant.
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Fig. 1 Chemical structures of (a) AFB1, (b) AFB1-oxime, and
(c) AFB1–protein conjugates
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Cell fusion and culture Suspensions of 3.5×108 spleen
cells from immunized mice were fused with 1.17×108 or
4.3×108 SP2 myeloma cells or 4.3×108 6.5.3 myeloma
cells using 50% poly(ethylene glycol) 4000. After HAT
selection [41] the supernatants of hybridoma cells were
assayed by indirect ELISA. ELISA-positive hybridoma
cells were cloned by the limiting dilution method. Cloned
hybridoma cells (1.0×107 in PBS) were intraperitoneally
injected into BALB/c mice, pre-treated with intraperito-
neal injection of 1 mL pristane, and grown as ascite tu-
mours. The immunoglobulin fraction was prepared from
the ascitic fluids by precipitation with saturated ammoni-
um sulfate.

Apparatus

Measurements of optical density for 96-well microtitre
plates were performed on a Bio-Rad (Richmond, CA, USA)
Model 550 microplate reader. MPM software (Version 4.0,
Bio-Rad Co., USA) was used for data processing.

Sample preparation

Rice samples were taken from fields in Gyeongnam and
Kangwon provinces, South Korea. One gram of dried
ground rice sample was spiked with AFB1 at different con-
centrations (0, 10, 20, 50, 200, and 500 ng g−1) and then
extracted with 5 ml methanol–water, 70/30, for 0.5 h at
room temperature with shaking at intervals. Each sample
was extracted in duplicate. Extracts were centrifuged at
2000 rpm for 10 min and, after 20-fold dilution, were ana-
lyzed in triplicate by ELISA. Blank and naturally con-
taminated samples were prepared as described above but
not spiked with aflatoxins.

ELISA procedure

The wells of the plates were coated overnight at 4°C with
100 μL anti-AFB1 MAb 34 solution (1:1000 in PBS), then
washed with PBS containing 0.05% Tween 20 (PBST) by
using a Nunc-Immuno Wash 8 microplate washer (Nalge
Nunc International, Rockilde, Denmark). AFB1 standards
in 10% (v/v) methanol–PBS (50 μL), or samples (50 μL),
and 50 μL enzyme tracer AFB1–HRP solution (1:10,000 in
PBS) were added to the wells. After 30 min incubation at
37°C the plates were washed, and 100 μL per well of
substrate solution was added (TMB liquid substrate sys-
tem). After incubation for 10–15 min at room temperature
colour development was stopped with 0.5 mol L−1 sulfuric
acid (50 μL per well) and the absorbance was measured at
450 nm.

Standard curves were plotted as absorbance (A) vs.
logarithm of analyte concentration.

Detection limit was determined as the concentration
corresponding to 90% A/A0.

Cross-reactivity (CR) for different mycotoxins was
determined by performing competitive assays and compar-
ing the analyte concentration resulting in half-maximum
inhibition (IC50, μg L−1), and calculated as:

% CR=(IC50 for AFB1/IC50 for analyte) × 100.

Aflatoxin concentration in spiked samples was calcu-
lated after fitting the standard curve using the four-
parameter logistic model.

Post-coating of plates

The plates were coated with MAb as described above,
washed thrice with PBST, and post-coated with the solution
of the additives in PBS for 2 h at 37°C. The wells were
emptied and dried for 40 min at 37°C. The plates were
sealed with a tape and stored at 4°C in closed plastic bags
with silica gel. Every 2–3 weeks, ELISAwas conducted to
measure the activity of the coated plates and the effect of
the post-coating reagents. The activity retained (%) was
determined by comparing the activity of the aged MAb-
coated microwell plates with that of a freshly coated plate.

Stabilization of the enzyme tracer

Several stabilizing solutions were prepared. Solution 1
contained 0.1%Kathon CG and 0.02%BSA in 0.05 mol L−1

Tris-HCl buffer (pH 7.2) supplemented with 0.05 mol L−1

calcium chloride (CaCl2) [38]; solution 2 contained 0.1%
BSA and 0.2% Kathon CG in PBS; solution 3 contained
0.06 mmol L−1 TMB and 0.1% Kathon CG in PBS. AFB1–
HRP conjugate was added to each solution (dilution
1:1000) and the solutions were stored in thoroughly closed
brown glass vials in the dark at room temperature. A so-
lution of HRP–AFB1 conjugate in PBS without any ad-
ditives was tested as a reference. Every 2–4 weeks aliquots
were tested in ELISA. The solutions of the enzyme tracer
were further diluted 1:10 before the assay (final dilution
1:10,000). The performance of the enzyme tracer was
determined by comparing the standard curves for the con-
jugate in different solutions. The absorption values of the
standards were related to those of the control (freshly
prepared solution of HRP–AFB1 conjugate), defined as
100% stabilization.

Results and discussion

Direct competitive ELISA for aflatoxin B1

ELISA conditions were optimized using two kinds of mi-
crowell plate (Removawell and Nunc) and different con-
ditions and buffers for MAb immobilization. Nunc plates
were chosen because they produced more stable results
with better coefficients of variance (CV). Optimum con-
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centrations of immunoreagents were established by titrat-
ing an enzyme conjugate against antibodies coated on
microwell plates at different concentrations and determin-
ing the concentrations producing an optical density of 1–
1.5. Two MAbs for AFB1 (MAb 34 and 78) were initially
used in ELISA. The use of both antibodies gave sensitive
and specific assay (Fig. 2). Cross-reactivity of the MAbs to
different aflatoxins is shown in Table 1. No cross-reaction
was observed with other mycotoxins such as ochratoxin,
zearalenone, patulin, and T-2 toxin. MAb 78 gave more
sensitive assay (IC50=0.196±0.008) compared with MAb
34 (IC50=0.62±0.07). Finally, MAb 34 was used for the
analysis because it resulted in higher assay specificity and
broader determinable range and gave a more stable stan-
dard curve. MAb 78 could also be used for detection of
total aflatoxins, because of its broader specificity to other
aflatoxins. MAb concentration of approximately 2 mg L−1

and AFB1–HRP conjugate dilution of 1:10,000 were
found to be optimum. Studying different conditions for the
competition step (temperature, shaking, incubation time)
showed that 30 min incubation at 37°C was optimum for a
sensitive and stable assay. An example of a typical standard
curve for AFB1 ELISA performed by the standard proce-
dure described above is given in Fig. 2(1) and the analytical
performance of the assay is demonstrated in Table 2.

Stabilization of ELISA kit components

The long-term storage and stability of ELISA kit com-
ponents is a matter of particular importance. For standard-
ization and simplification of an assay it would be useful to

separate the coating procedure from the conventional assay
procedure. The activity of coated plates decreased sub-
stantially within a few days. After two days only very low
absorptions of the standard curve were observed (<0.1).
Therefore, several additives were tested for their stabilizing
effect on MAb immobilized on the microwell plates. Some
of the stabilizing effects rely on protection of immobilized
Ab by addition of sugars, polymers, or BSA during the
storage or drying process [37]. Such agents as trehalose,
glycine, PVA, BSA, and their combinations were tested to
improve the stability of MAb-coated microwell plates. Two
series of experiments were performed:

1. MAb was diluted with the solution containing sta-
bilizing reagents and then immobilized on the plate
surface; or

2. MAb-coated plates were treated with a post-coating
step (post-coating with stabilizing agents).

In the first of these the activity of the plates with MAb
immobilized from solutions containing BSA and PVA de-
creased very fast. After storage for two weeks standard
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Fig. 2 Standard curves for de-
tection of AFB1 by ELISA with
use of MAb 34 (1) and MAb 78
(2). Each point of the curve
represents the mean±SD (stan-
dard deviation) of n=10 assays

Table 1 Cross-reactivity of two monoclonal antibodies to different
aflatoxins

Aflatoxin Cross-reactivity, %

MAb 78 MAb 34

B1 100 100
B2 20 5
G1 74 31
G2 14 2.4
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absorption values were less than 0.1. Some stabilizing ef-
fect was observed for trehalose (3–6%) and glycine (1.5–
3%)—after storage for two weeks absorptions of the
standard curve averaged 50% that of the control; although
after 4 months only low absorption values were observed
(<0.3). Thus, including stabilizing agents in the coating
solution containing the Ab was not effective for long-term
storage. If the coating solution contained additives such as
PVA and BSA, no signal was observed in ELISA, in
agreement with data reported previously [37]. Apparently,
those additives occupy the binding sites of the polystyrene
surface preventing Ab immobilization on the microwell
plate. It is also possible that PVA can form films on the
plate surface, which also prevents Ab immobilization. The
viscosity of PVA solutions should also be taken into con-
sideration as an important aspect of diffusion-controlled
processes.

Post-coating with solutions containing glycine and tre-
halose (up to 6%) did not result in a tangible stabilizing
effect—after two weeks absorptions of the standard curve
were only 20–30% that of the control. Treating microwell
plates with post-coating solutions containing PVA and
BSA, and combinations of these substances with trehalose
and glycine had a positive stabilizing effect. Interestingly,
similar results were obtained by Heiss et al. [42] for sta-
bilization of apoglucose oxidase in a dry matrix. The best
results were obtained with 3% BSA and 6% PVA, their 1:1
combination, and combinations of these additives with 6%
trehalose—after four months storage ELISA standard curves
for MAb-coated microtitre plates treated with those solu-
tions were almost identical with that for the control (data
not shown). This means MAb-coated plates can be stored
only if their surface is protected by addition of stabilizing
reagents.

The enzyme tracer is commonly used at high dilutions in
an ELISA procedure and is often not stable. Several
possible stabilizing reagents were added to the AFB1–HRP
conjugate solution to investigate their effect on the tracer
stability. In our experiments the AFB1–HRP conjugate was
diluted 1:1000 in a buffer and supplied with the additives.
The prepared solutions were stored in thoroughly closed
brown glass vials in the dark at room temperature. The
ELISAwas performed every 2–4 weeks as described above.
A solution of HRP–AFB1 conjugate without additives was

tested as reference. The performance of stabilized enzyme
tracer in ELISAwas determined and compared with that of
a freshly prepared control solution of HRP–AFB1 conju-
gate. Solutions of the enzyme tracer were further diluted
1:10 before the assay (final dilution 1:10,000), and the
standard curves were compared. The best stabilizing effect
was observed with solution 1 (Fig. 3) containing 0.02%
BSA, 0.1% Kathon CG, and 0.05 mol L−1 CaCl2, prepared
as described in [38] for “protein-based” HRP-stabilizing
media. In that work effects of different supplements on the
catalytic activity, thermal stability, and secondary structure
of HRP in diluted aqueous solutions were studied, and
HRP-stabilizing media were developed. Stabilizing solu-
tion 1 maintained the activity of AFB1–HRP conjugate for
12 months at room temperature yielding 100% stabilization
(Fig. 3). ELISA performed with the conjugate stored in that
environment gave a standard curve similar to that of the
control (Fig. 4).

BSA was shown to have a strong stabilizing effect on
HRP in buffer solution without any additives [38]. The
stabilizing effect of BSA relies on an increase in soluble
protein concentration, which is known to be a general
principle of protein stabilization, and may be achieved as a
result of protein–protein interactions after aggregation of
BSA and the conjugate. In our work absorption values for
the standard curves obtained by use of AFB1–HRP
conjugate in a solution 2 containing 0.1% BSA and 0.2%
Kathon CG, were much higher than the control during all
storage period (Fig. 3). By altering the conjugate environ-
ment, the additives may affect protein solvation and result
in significant changes in activity and stability. HRP activity
higher than that of the control was also observed in [37]
after addition of some stabilizing reagents to the solution of
HRP conjugate. Kathon CG, which is a 1.5% aqueous
solution of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-
methyl-4-isothiazolin-3-one in the ratio 1.15:0.35 [38], was
used as a preservative to prevent microbial degradation of
the enzyme tracer. A stabilizing effect of TMB on HRP
solutions has also been reported [35]. Because TMB is a
substrate of HRP, it can bind to the active site of the
enzyme and may therefore be able to suppress its de-
naturation or oxidative damage. After storage of AFB1–
HRP conjugate for six months in solution 3 containing
0.06 mmol L−1 TMB and 0.1% Kathon CG, absorptions of
standard curve were ca. 70% that of the control. It was,
however, observed that after this period absorbance and,
therefore, stabilization decreased and after 12 months
absorbance was only ca. 25% that of the control (Figs. 3
and 4). Enzyme tracer stored in PBS without any additives
lost its activity within a few days and even after only five
days very low absorptions of the standard curve were
observed (Fig. 4).

To investigate the stability of AFB1 standards, solutions
of the mycotoxin at standard concentration of 0, 1, 3, 10,
30, and 100 μg L−1 were prepared in 100% methanol and
70% (v/v) methanol–PBS. They were stored in thoroughly
closed brown glass vials in the dark at 4°C. Before assay
the solutions were diluted 1:10 with PBS and standard

Table 2 Analytical characteristics of the ELISA kit for aflatoxin B1
detection

Analytical characteristic Value

Detection limit (μg L−1) 0.05
IC50 (μg L−1) 0.62
Dynamic range (μg L−1) 0.1–10
CV, intra-assay (%) 3.9–16.4
CV, inter-assay (%) 5.8–19.2
Assay time (40 samples in duplicate) (h) 1
Average recovery (%) 94–113
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curves were compared with those for the control (freshly
prepared standard solutions). AFB1 standards in 100%
methanol remained stable for at least 4 months (the
standard curve was almost identical with that of the control,
Fig. 5), whereas using standard solutions stored in 70%
methanol affected assay performance.

The analytical performance of ELISA kit components
stored for several months was similar to that for the control
(Fig. 2(1)). Intra-assay CVs for AFB1 standards ranged
from 0.9 to 8.7%.
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AFB1 ELISA using the enzyme
tracer in different stabilizing
solutions after storage for 12
months at room temperature.
Solution 1 (squares) contained
0.1% Kathon CG and 0.02%
BSA in 0.05 mol L−1 Tris-HCl
buffer (pH 7.2) supplemented
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Fig. 3 Effect of stabilizing ad-
ditives on the performance of
the enzyme tracer in ELISA.
Solution 1 (squares) contained
0.1% Kathon CG and 0.02%
BSA in 0.05 mol L−1 Tris-HCl
buffer (pH 7.2) supplemented
with 0.05 mol L−1 calcium
chloride [38]; solution 2 (trian-
gles) contained 0.1% BSA and
0.2% Kathon CG in PBS; solu-
tion 3 (hexagons) contained
0.06 mmol L−1 TMB and 0.1%
Kathon CG in PBS. Control
solution (filled circles) was a
freshly prepared solution of
AFB1–HRP conjugate; refer-
ence solution (empty circles)
was a solution of AFB1–HRP
conjugate in PBS without addi-
tives. The absorption values of
the standards were related to
those of the control defined as
100% stabilization
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Application of the assay to the analysis of spiked
and naturally contaminated grain samples

The ELISA method was used to detect aflatoxin in grain.
Samples were extracted with methanol–water, 70:30 (v/v).
Near-optimum standard curves could be obtained with
buffer containing up to 10% (v/v) methanol, and little or no
matrix effect was observed when samples, extracted with
70% (v/v) methanol, were 5–10% of the final assay volume.

Rice samples were spiked with AFB1 at different con-
centrations. These samples were extracted with five vol-
umes of methanol–water, 70:30 (v/v); each sample was
extracted in duplicate. The extracts were subsequently di-
luted 20-fold with PBS and analyzed in triplicate by ELISA
using ELISA kit components stored for several months.
Recoveries averaged between 94 and 113% (Table 3). The

results were in a good agreement with the amounts spiked,
demonstrating the applicability of the developed assay to
practical problems. ELISA was characterized by good re-
producibility; intra-assay and inter-assay CVs ranged from
3.9 to 16.4% and from 5.8 to 19.2%, respectively.

Samples from naturally contaminated grain (barley, 20
samples, rye, 20 samples, rice, 63 samples) were treated as
described above and submitted in triplicate to ELISA. In
four rye samples and in five barley samples AFB1 con-
centration was found to be below the detection limit, all
other rye and barley samples were regarded to be negative.
Trace amounts of AFB1 (below 5–10 ng g−1) were detected
in 25 rice samples; one sample contained 12.8 ng g−1 and
other samples were found to be negative, according to
ELISA. Rice samples were also analyzed by HPLC. AFB1

was detected by HPLC in two samples at concentrations of
4.2 and 10.4 ng g−1, which corresponded to 5.6 and 12.8 ng
g−1, respectively, determined by ELISA. Probably, ELISA
tended to overestimate some results, although good recov-
eries were observed from spiked samples; this could be
attributed to matrix interferences in some samples. Further
validation and confirmation of the assay results is needed
for naturally contaminated samples.

Conclusions

A direct competitive ELISA method based on a monoclo-
nal antibody has been developed and optimized for de-
tection of AFB1. ELISA kit components were checked for a

Table 3 Recovery of aflatoxin B1 from spiked rice samplesa

Aflatoxin B1 concentration, ng g−1 Recovery, %

Spiked Experimental

0 NDb ND
10 10.3±1.7 103±17
20 22.6±2.5 113±13
50 48.5±1.9 97±4
200 187±23 94±11
500 469±45 94±9
aSamples were run as triplicates of duplicates
bNot determined
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Fig. 5 ELISA standard curves
using AFB1 standard solutions
prepared in 100% methanol (1)
and in 70% methanol–PBS (2)
and stored for 4 months at 4°C,
compared with the control
(3, freshly prepared standards).
Before assay the standard solu-
tions were diluted 1:10 with PBS
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long-term stability. Successful use of stabilizing additives
for ELISA was demonstrated. High stability of immuno-
assay reagents, especially antibodies and enzyme tracer, is
very important for prolonged shelf life and enzyme im-
munoassay standardization. MAb-coated microwell plates
can be stored only if their surface is protected by addition
of stabilizing reagents. MAb-coated plates treated with
post-coating solutions containing PVA, BSA, and combi-
nations of these substances with trehalose, retained their
activity for at least four months. The activity of enzyme
tracer in diluted aqueous solutions decreased drastically in
a few days. This could be prevented by formulation of
stabilization media for HRP solutions. Stabilizing solution
used in our study, containing 0.02% BSA, 0.1% Kathon
CG, and 0.05 mol L−1 CaCl2, maintained the activity of
AFB1–HRP conjugate for 12 months at room temperature,
i.e. resulted in 100% stabilization. The analytical perfor-
mance of the assay kit after storage for several months was
similar to that of the control. AFB1 spikes in rice extracts
were determinable by ELISA with excellent recovery and
CV. Further research is needed to validate the assay for
naturally contaminated samples. Development of immu-
noassay techniques for mycotoxin detection appears to
have practical advantages in rapidity and simplicity over
existing conventional instrumental methods. On the basis
of the results of this study, the assay developed seems to be
suitable for aflatoxin residue screening of grain samples
without complicated clean-up.
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