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Abstract In this research, a reliable and rapid chemilumines-
cent ELISA (CL-ELISA) determination procedure was devel-
oped and validated for the detection of deoxynivalenol (DON)
in rice. With the help of chemiluminescent substrate, this
developed protocol exhibited a high-sensitive character with
a limit of detection (LOD) value of 0.94 ng/mL while it was
6.12 ng/mL in our previous report with the conventional
colorimetric ELISA procedure by using the same monoclonal
antibody (mAb). The mAb used in this research was proved to
tolerate no more than 20 % methanol. Therefore, after the
extraction procedure with 20 % methanol, samples could be
proceeded to take the detection steps directly without dilution
by PBS. In spiked rice samples, mean recoveries ranged from
91.40 to 93.48 % with intra-day and inter-day relative stan-
dard deviation (RSD) less than 10.62 and 12.41 %, respec-
tively. The results demonstrated that this developed high-
sensitive CL-ELISA immunoassay was suitable for screening
of DON in rice samples.
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Introduction

Deoxynivalenol (DON), one of type B trichothecenes, was
firstly isolated and characterized from moldy barley in Japan.
And in the USA, DON was considered to be the emetic factor
associated with swine (Coppock et al. 1985). DON is mainly
produced by Fusarium graminearum and Fusarium
culmorum. There is a common epoxide structure between
the C12 and C13 positions of DON, which is responsible for
the toxicological activity (Sudakin 2003). In previous reports,
there were numerous reports about DON naturally occurring
in cereals, including maize, wheat, corn, rye, rice barley, and
so on (Bensassi et al. 2010; Birzele et al. 2000; González-
Osnaya et al. 2011; Moazami and Jinap 2009). Recently, it
was found that DON exhibited serious toxic effects to animals
and human beings, such as feed refusal, weight loss,
cardiotoxicity, teratogenicity (Prelusky et al. 1997),
immunotoxicity (Bondy and Pestka 2000), and apoptosis in
vitro without significant dose–effect relationship (Meky et al.
2001).

In order to prevent the toxic effect of DON, maximum
residue limits (MRLs) have been settled in different matrices
(Commission Regulation 2006). In order to control the conta-
minant of DON in cereals, analytical methods for DON detec-
tion have been developed, such as thin-layer chromatography
(TLC) (Schaafsma et al. 1998), high-performance liquid chro-
matography (HPLC) (Brenn-Struckhofova et al. 2007;
Pussemier et al. 2006), gas chromatography (GC) (Tanaka
et al. 2000; Valle-Algarra et al. 2011), and liquid chromatogra-
phy tandem mass spectrometry (LC-MS/MS) (De Boevre et al.
2012; Wang et al. 2012). Although these chromatographic tech-
niques exhibited sensitive and selective characters, they are time
consuming and cannot fulfill the demands for rapid screening.

Considering the shortcomings of these instrument tech-
niques, chemiluminescent competitive enzyme-linked immu-
nosorbent assay (CL-ELISA) was proved to be a good
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alternative method because of its simple, rapid, and sensitive
characteristics with wide linear working range. Compared to
the traditional colorimetric analysis, CL-ELISA offers the
possibility of improving the sensitivity with the enhanced
chemiluminescent reaction (ECR) (Li et al. 2012b). Till now,
investigations for veterinary drug residue analysis applied CL-
ELISA methods have been reported (Chuanlai et al. 2006;
Zhang et al. 2006). However, there are no related reports about
DON detection applying CL-ELISA method. In this research,
a highly sensitive and reliable method was developed for the
determination of DON in rice based on CL-ELISA. The
diagrammatic sketch of this developed method was shown
in Fig. 1. As far as we know, it is the first report of CL-ELISA
method for the detection of DON, which will contribute to the
control of DON contamination in rice.

Materials and Methods

Chemicals and Reagents

Anti-DONmonoclonal antibody (mAb) (no. 4A4) and coating
antigen (no. 1103) were obtained from China Agricultural
University. DON was purchased from Fermentek biotechnol-
ogy (Israel). The peroxidase-conjugated goat anti-mouse IgG
was obtained from Jackson ImmunoResearch Laboratories,
Inc. (West Grove, PA, USA). SuperSignal chemiluminescence
substrate solution was purchased from Thermo Fisher (USA).
Water was purified using a Milli-Q Synthesis system from
Millipore (Bedford, MA, USA). Other reagents were analyt-
ical grade purchased from Beijing Reagent Corp. (Beijing,
China).

Apparatus

White opaque 96-well polystyrene microtiter plates were pur-
chased from Costar (Costar Inc., Milpitas, CA, USA).
SpectraMax M5 microplate reader was purchased from
Molecular Devices (CA, USA). MIKRO 22R centrifuge from

Hettich Laborapparate (Tuttlingen, Germany) was obtained
for this study.

Principle and the Procedure of the Chemiluminescent ELISA

The 96-well white opaque polystyrene microtiter plates were
coated with 100 μL of coating antigen (no. 1103) in 50-mM
carbonate (pH 9.6). After incubation for 2 h at 37 °C, each
well was washed with washing buffer (phosphate-buffered
saline (PBS) containing 2 % tween-20, pH 7.4) for three times
and then adding 150 μL of 5 % BSA in PBS (0.01 M, pH 7.4)
for 2 h at 37 °C for blocking. After these washing steps,
sample or DON standard solution was added to each well at
50 μL/well. And then, 50 μL/well of purified mAb was added
immediately for competition reaction at 37 °C for 30 min.
Following the washing procedure, 100 μL/well of peroxidase-
conjugated goat anti-mouse IgG was added and incubated at
37 °C for 30 min. After these immunological steps,
SuperSignal chemiluminescence substrate solution was added
and measured by SpectraMax M5 as soon as the addition.
Each well of chemiluminescence intensities was analyzed
individually.

Standard Curve

Calibration curves were fitted by 14 concentration levels of
0.01; 0.1; 0.5; 1.0; 2.0; 5.0; 10; 20; 50; 100; 200; 500; 1,000;
and 10,000 ng/mL at triplicate each. Standard curves were
evaluated by plotting absorbance against the logarithm of the
each concentration and fitted to a four-parameter logistic
equation using Origin version 7.5 (OriginLab, Northampton,
MA, USA).

Y ¼ A−Dð Þ= 1þ X=Cð ÞB
h in o

þ D

A stands for the asymptotic maximum (chemiluminescence
intensity in the absence of analyte); B is the curve slope at the
inflection point; C is the X value at the inflection point, which

Fig. 1 A schematic
representation of CL-ELISA
procedure used for determination
of DON
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produces 50 % of the maximum absorbance; and D is the
asymptotic minimum (background signal).

Methanol Tolerance Test

The tolerance of organic solvent for this very anti-DON mAb
was tested with methanol. In this research, a series of different
proportions of methanol in PBS (including PBS, 10, 20, 40,
and 60 % methanol in PBS) were applied for organic solvent
tolerance investigation. The developed CL-ELISA protocol
was used for the methanol tolerance test. And the result was
evaluated by IC50 of each standard curve in different propor-
tions of methanol in PBS.

Sample Pretreatment

Two-gram samples were weighed into 50-mL polypropylene
centrifuge tubes, and 20 mL of methanol/H2O (20:80, v/v)
was added to each sample for extraction. Then, the mixture
was vortexed for 5 min and centrifuged at 9,000g for 15min at
4 °C. For analysis, 50-μL aliquots of the supernatant of each
sample were added to the 96-well plate for this developed CL-
ELISA procedure.

Accuracy and Precision

Negative cereal samples were spiked with DON at concentra-
tions 0.5, 1.0, and 2.0 mg/kg. The analysis was performed at
six replicates for each concentration (n=6). The recoveries
were calculated on the basis of the standard curve.

Results and Discussion

Methanol Tolerance Test

Standard curves in different proportions of methanol were
prepared according to the developed CL-ELISA protocol
(Fig. 2). From the figure, there was no apparent difference
among all the standard curves when the methanol is no more
than 20 %. This indicated that the anti-DON mAb used in this
research could tolerate no more than 20 % methanol.

Sample Pretreatment

Based on the structure, there are three hydroxyl radicals in
DON, which is related to the hydrophilic character.
Acetonitrile/water (85:15, v/v) is the most common extraction
solvent for DON in different matrices in the previous reports
(Anselme et al. 2006; Pussemier et al. 2006). Besides, aceto-
nitrile, methanol, and ethyl acetate were also used for the
extraction. However, on the basis of our previous studies (Li

et al. 2012a, b), it was found that a high percentage of organic
solvent is not suitable for immunoassay, and it can result in
distinct matrix effects. Moreover, it was also found that 20 %
methanol could be applied for the extraction in color metric
ELISA procedure. On the other hand, 20 % was the highest
percentage ofmethanol that the anti-DONmAb could tolerate.
Therefore, 20 % methanol was tested in the developed CL-
ELISA protocol, and the recoveries were satisfactory.

Standard Curves

The principle of the developed CL-ELISA protocols was
exhibited in Fig. 1. Calibration curves were prepared using
serious concentration levels of the target analyte to evaluate
parameters of each protocol. Standard curves were obtained
by plotting absorbance against the logarithm of the concen-
trations and fitted to a four-parameter logistic equation
(Fig. 3). The standard curves and correlation coefficient (R)
were 0.9988.

Fig. 2 Methanol tolerance test of anti-DON mAb in PBS and different
percentage of methanol (10, 20, 40, 60 %) in PBS

Fig. 3 Standard curve of CL-ELISA procedure for DON
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Sensitivity

The sensitivity of the developed CL-ELISA was evaluated
with IC50 and limit of detection (LOD), measured by IC10).
The regression analysis was obtained from the sigmoidal
standard curve with four-parameter equations (Fig. 3). From
the figure, IC50 and LOD for DON in CL-ELISA procedure
were 12.98 and 0.94 ng/mL, respectively. Compared to our
previous report of conventionally colorimetric ELISA proto-
col with the same mAb (IC50 62.38 ng/mL, LOD 6.65 ng/
mL) (Li et al. 2012a, b), the CL-ELISA protocol exhibited a
more sensitive result with a much lower LOD and IC50 value.

Accuracy and Precision

Accuracy and precision were evaluated by determining recov-
eries of DON in fortified samples with six replicates on three
validation days. Close agreements between measured values
and spiked values were obtained at each spiked levels. Mean
recovery values ranged from 91.40∼93.48 % with intra-day
and inter-day relative standard deviation (RSD) less than
10.62 and 12.41 %, respectively (Table 1).

Conclusion

For the first time, an ELISA method based on the chemilumi-
nescent reaction was described for the determination of DON
in rice. The proposed format offers the advantages of simplic-
ity, rapidity, and cost-effectiveness. With respect to its overall
sensitivity and specificity, the CL-ELISA method is superior
to the conventional colorimetric ELISA protocol by using the
same mAb. This developed CL-ELISA method could be a
suitable tool for rapid screening of DON in rice samples.
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