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Abstract A one-step simultaneous immunchromatographic (OS-ICG) assay using colloidal gold-monoclonal antibody
(gold-MAb) conjugates was developed for the rapid multianalysis of aflatoxin B1 (AFB1) and ochratoxin A (OTA) in feed
samples. Visual detection limits for AFB1 and OTA were 0.5 and 2.5 ng/mL, respectively, and the results were obtained
within 15 min. Matrix interference from the feed extracts was efficiently reduced by appropriate dilution with buffer. Cut-off
values of the OS-ICG assay for the feed spiked with AFB1/OTA mixtures (5/5, 10/10, 25/25, 50/55, 100/100 µg/kg) were 10
and 50 µg/kg for AFB1 and OTA. The comparative analyses of 65 feed samples by OS-ICG, enzyme-linked immunosorbent
assay (ELISA), and high performance liquid chromatography (HPLC) showed good agreement. In this study, we confirmed
that simultaneous analysis based on immunoassay is possible and it can be used as an on-site multianalysis of AFB1 and OTA
in feed, food, and agricultural products.
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Introduction

Fungal genera such as Aspergillus, Fusarium, and
Penicillium produced several mycotoxins which are very
harmful and toxic to animals and human. Since fungal
genera can grow in food commodities before harvest,
during storage, many food and agricultural products may
be contaminated with single or numbers of mycotoxins
(1,2). Specially, aflatoxin B1 (AFB1) and ochratoxin A
(OTA) are classified as main mycotoxins because they
have widely contaminated in food, feed, and agricultural
products and possess a high toxicity to human.

AFB1 is a known potent carcinogenic in a number of
animal species including human and is listed as group I
carcinogens by the International Agency for Research on
Cancer (IARC) (3). OTA is regarded as carcinogenic,
nephrotoxic, and teratogenic compound and also listed as
group II B carcinogens by IARC (3). Current legal limits for
AFB1 in feed have been established by many countries
including the European Union (20µg/kg) (4) and Korea
(50µg/kg) (5), whereas the United States (300 µg/kg) and
Canada (20µg/kg) have set the legal limits for total aflatoxins
in feed. Although most countries had no legal limit for OTA
in feed, the several countries, such as Korea (200µg/kg),
Canada (2,000µg/kg), Israel (300µg/kg), and Sweden
(200µg/kg), have set a legal limit for OTA in feed (5,6).

Analyses of AFB1 and OTA have been usually performed
by thin layer chromatography (TLC) (7,8), high performance
liquid chromatography (HPLC) (9,10), and immunoassays
(11-14). TLC is regarded as simple, easy, and economical
method for the detection of AFB1 and OTA and still used
broadly in developing countries, but its sensitivity is low.

HPLC is widely accepted as an official method for AFB1
and OTA determination and can detect simultaneously
AFB1 and OTA in real samples, but this method needs a
complicated clean-up, preconcentration before determination,
and highly skilled personnel. Meantime, immunoassays are
being used increasingly for mycotoxins analysis in real
samples because of their rapidity and sensitivity, but
immunoassay has been limited to laboratories equipped
with instruments for analysis. Besides, the disadvantage of
immunoassays was known that they could not detect
multiple analytes in one assay cycle. Because of the co-
occurrence of various mycotoxins in food and feed, the
development of simultaneous assay in the field of food
safety is necessary and allows us to reduce the time and
cost for analysis.

Although chromatographic techniques (15,16), biosensors
(17), and multiplexed assays (18) have been developed for
the simultaneous analysis of mycotoxins, these methods
are still available at laboratories equipped with a special
and expensive instruments and require complicated steps.
Recently, two interesting approaches have been reported
for the rapid simultaneous determination of AFB1 and
OTA in an analytical cycle. First method is an analytical
device based on immunofilteration-based assay (19), and
second one is a clean-up tandem immunoassay column
(20). However, these methods still require several steps to
yield results.

An immunochromatographic (ICG) strip which has been
recently reported for mycotoxin determination (21,22) offers
a simple, rapid, user-friendly, and on-site analysis. An
interesting research about the lateral-flow immunoassay for
the rapid simultaneous determination of 2 mycotoxins
(deoxynivalenol and zearalenone) (23) has been reported.
The objectives of the present study were to develop a one-
step simultaneous ICG (OS-ICG) assay for the rapid
multianalysis of AFB1 and OTA in feed samples and to
apply the method to the spiked and natural feed samples.
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Materials and Methods

Materials and chemicals Microtiter plates (96-wells)
and 8-channel microplate washer were obtained from Nunc
International (Rockilde, Denmark). Immunoaffinity columns
for AFB1 (AflaTest®) and OTA (OchraTestTM) were supplied
from Vicam (Watertown, MA, USA). Nitrocellulose membrane
and sample, conjugate, and absorbent pad were obtained
from Millipore Corporation (Bedford, MA, USA). Semi-
rigid polyethylene sheets were purchased from local
market.

AFB1, OTA, other related mycotoxins, bovine serum
albumin (BSA), tetrachloroauric acid, sodium citrate,
complete and incomplete Freund’s adjuvant, N,N-dicyclo-
hexylcarbodiimide, sodium chloride, sucrose, sodium
azide, dextrane, horseradish peroxidase (HRP), and goat
anti-mouse IgG, 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Protein G agarose for the purification of
monoclonal antibody was purchased from Bioprogen
(Daejeon, Korea).

Development of immuochromatographic (ICG) assay
for a single mycotoxin All immunoreagents (antibody,
mycotoxin-protein conjugate, colloidal gold) to develop an
ICG assay were prepared in our laboratory. Monoclonal
antibodies toward AFB1 (AF78 MAb) and OTA (OTA3
MAb) were produced by the standard procedure (24) and
confirmed to be highly specific for respective mycotoxins
in a previous paper by the current authors (13,21).
Syntheses of mycotoxin-protein conjugates (AFB1-BSA
and OTA-BSA) were performed as previously reported
(25,26). Colloidal gold solution (diameter 40 nm) used as a

marker in the ICG assay was produced by a reduction
method using sodium citrate, as described in a previous
paper (27) and conjugated separately to AF78 MAb and
OTA3 MAb by the method described previously (28). All
reagents were stored at 4oC before use.

An ICG assay for a single mycotoxin is composed of
three pads (sample, conjugate, and absorbent pads) and a
nitrocellulose membrane. The construction of ICG assay
for AFB1 was the same as described in a previous paper by
the current authors (21). OTA ICG assay was assembled
similarly with that of the AFB1 ICG assay with the exception
that 5 µL of OTA3 MAb-gold conjugate (absorbance at
540 nm was 1.5) and 1 µL of OTA-BSA conjugate [0.1
mg/mL in phosphate buffer saline (PBS), pH 7.4] were
treated at the conjugate pad and test zone, respectively. The
pads and membrane were all attached to a semi-rigid
polyethylene sheet.

Development of one-step simultaneous (OS)-ICG assay
for multiple toxins An OS-ICG assay for the multianalysis
of AFB1 and OTA was designed and shown in Fig. 1. The
construction of the OS-ICG was similar to that of the
individual ICG with the exception that the membrane was
treated with 2 test lines (for AFB1 and OTA test) and 1
control line. The equivalent conditions of the respective
ICG assays for AFB1 and OTA were applied directly to the
development of the OS-ICG assay.

To determine a cross-reaction between AFB1-BSA (or
OTA-BSA) conjugate and OTA3 MAb-gold (or AF78
MAb-gold) conjugate, 3 kinds of conjugate pads were
prepared by spraying with AF78 MAb-gold (5 µL), OTA3
MAb-gold (5 µL), and the mixture of 2 MAb-gold
conjugates (10 µL of mixture). Three µL of AFB1-BSA

Fig. 1. Schematic diagram of the OS-ICG assay (A) and illustrations of its results (B). C, control zone; OT, OTA test zone; AT,
AFB1 test zone; +, mycotoxin positive; -, mycotoxin negative.
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conjugate (0.5 mg/mL in PBS) and 1 µL of OTA-BSA
conjugate (0.1 mg/mL in PBS) were placed at 2 discrete
test zones, and 3 µL of anti-mouse IgG (1 mg/mL in PBS)
was immobilize at the control line. The sample and
absorbent pads were treated according to the method
described in a previous paper (29). All pads and membrane
were dried at 37oC for 30 min and attached to their
positions on the semi-rigid polyethylene sheet. Two-
hundred µL of mycotoxin-free standard solution (PBS
containing 30% methanol, 30% MeOH/PBS) and mixture
of AFB1/OTA (100/100 ng/mL in 30% MeOH/PBS) were
place in the wells of 96 microtiter plates. The OS-ICG
assay was dipped into the well at the sample pad side.

In addition, influence of the presence of mycotoxin at
the detection of other one was tested with the respective
standard solutions and the mixture of them. For this, AFB1
(0, 0.1, 0.5, 1, and 5 ng/mL) and OTA (0, 1, 2.5, 5, and 10
ng/mL) standard solution and AFB1/OTA mixture solution
(0/0, 0.1/0.1, 0.5/0.5, 1/1, 2.5/2.5, 5/5, and 10/10 ng/mL) in
30% MeOH/PBS were added into the wells and tested by
the OS-ICG assay. The results of ICG and OS-ICG were
evaluated visually by eye within 15 min after starting the
reaction.

Enzyme-linked immunosorbent assays (ELISA) procedures
Direct competitive  (DC)-ELISAs toward AFB1 and OTA
were developed and performed on the microtiter well
precoated with anti-mouse IgG (100 µL, 10 µg/mL in
PBS). One-hundred µL of MAb solution (0.5 µg/mL in
PBS of AF78 MAb or 1 µg/mL in PBS of OTA3 MAb)
was placed in the microtiter well and incubated at 37oC for
1 hr. AFB1 (or OTA) standards in PBS containing 10%
methanol (50 µL) or samples (50 µL) and 50 µL of 0.7 µg/
mL AFB1-HRP (or 7 µg/mL OTA-HRP) solution in PBS
containing 0.02% Tween 20 (PBST) were added to the
wells and incubated for 20 min at 37oC. Substrate (50 µL,
0.1 M citrate buffer (pH 4.0) containing 0.025% ABTS and
0.03% H2O2) was added and incubate for 20 min at 37oC,
and the enzyme reaction was stopped with 2 M H2SO4

(50 µL/well). The absorbance was measured at 405 nm
using a Bio-Rad model 550 microplate reader (Bio-Rad
Laboratories, Richmond, CA, USA). The detection limits
(10% inhibition) of DC-ELISA for AFB1 and OTA were
0.2 and 0.5 ng/mL, respectively. A washing step should be
performed with PBST after incubation steps.

High performance liquid chromatography (HPLC)  To
determine a quantitative analysis for AFB1 and OTA,
conditions of HPLC were optimized using HP 1100 series
liquid chromatography configured with a 1046A fluorescence
detector and quaternary pump. The HPLC column was SP-
120-5-ODS-AP (5 m, 4.6×150 mm) (Daiso, Osaka, Japan).
Two different mobile phases, water/methanol/acetonitrile
(1/1/5, v/v/v) for AFB1 and water/acetonitrile/acetic acid
(102/96/2, v/v/v) for OTA, were filtered through Milopore
HA VLP (0.45-µm) filters before use. AFB1 detection was
carried out at λex=360 nm and λem=440 nm, while OTA
detection was conducted at λex=333 nm and λem=460 nm.
The flow rates were all 1 mL/min. The detection limits of
HPLC for AFB1 and OTA were 0.2 and 0.5 /mL.

Sample preparation Five g of samples was extracted

with 25 mL of 60% methanol containing 4% NaCl for 30
min at room temperature (RT). After centrifugation at
3,630×g for 10 min, the extract was filtered through filter
paper, diluted 4-fold with PBS, and immediately applied to
the ICG and OS-ICG assays. On the other hand, the same
extract was diluted 10-fold with PBST for DC-ELISA. For
HPLC analysis, feed samples (50 g) mixed with 4 g of
NaCl were extracted with 250 mL methanol:water (60:40,
v/v) for 15 min and diluted with the additional 250 mL
water. The extraction was repeated for 5 min and the
extracts were filtered through filter paper. The filtrate
(40 mL) was separately applied to AflaTest® and
OchraTestTM immuno-affinity column. The columns were
washed with 10 mL of water. Aflatoxins and OTA were
eluted with 2 mL of methanol. The eluted solutions were
completely evaporated with nitrogen at 60oC and dissolved
in 200 µL of methanol:water (30:70, v/v). The HPLC
analyses for AFB1 and OTA were performed as described
above.

Screening of AFB1 and OTA in artificially spiked and
natural feed sample A mycotoxin-free feed that had
revealed to be negative for AFB1 and OTA by HPLC was
pounded with a grinder. To validate the immunoassays
developed in this study, the feed sample were spiked with
AFB1/OTA mixture in methanol at 5 levels (0/0, 20/20, 50/
50, 100/100, 200/200 µg/kg). The spiked samples were
allowed to dry overnight at 60°C, extracted as described
above and analyzed by the ICG, OS-ICG, and DC-ELISA. 
A total of 65 feed samples were kindly provided by
Professor Dong-Ho Bae of Konkuk University (Seoul,
Korea). The samples were prepared as described above and
analyzed by the OS-ICG, DC-ELISA, and HPLC.

Results and Discussion

ICG assay The colloidal gold (40 nm diameter) mainly
used in ICG assay offered a maximum visibility, sensitivity,
and stability compared with others (latex, silver, and
carbon) used as a marker in immunoassays. Fitness of both
AF78 MAb-gold and OTA3 MAb-gold conjugates for
development of ICG assay was investigated, and the results
were shown in Fig. 2. BSA-gold conjugates did not react
to the test and control zones, as there were no red lines on
the nitrocellulose membrane (Fig. 2A). Meantime, different
results at test zones were observed when AFB1 positive
(100 ng/mL in 30% MeOH/PBS) and negative (30%
MeOH/PBS) were separately applied to each ICG assay,
assembling with the conjugate pad containing AF78 MAb-
gold conjugate (Fig. 2B and 2C). The results of OTA were
the same as those of the ICG assay for AFB1 (Fig. 2D and
2E). These mean that the AF78 MAb- and OTA3 MAb-
gold conjugates bound particularly to AFB1- and OTA-
BSA conjugates immobilized at respective test zones and
could be useful to develop individual ICG assays for a
single toxin.

In the analysis by ICG assay, the difference between
positive and negative samples should be easily distinguished
with the naked eyes because the main objective of ICG is
qualitative and on-site detection at threshold level without
any instruments and complicated steps within short time.
The characterization of the ICG assay for AFB1 was
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described in our previous paper (21) and its detection limit
was 0.5 ng/mL. The ICG assay for OTA was developed
and optimized in this study. The detection limit of the assay
was 2.5 ng/mL. Both methods require just sample application
step to yield results and could be finished within 15 min for
AFB1 and 10 min for OTA. Up to 30% MeOH/PBS could
be used as a working solution in both methods (data not
shown).

The cross-reactivity of both methods was shown in Table
2. The ICG assay for AFB1 possessed a cross-reaction to
aflatoxins (aflatoxin B2, G1, and G2), but no cross-reaction
toward others, such as ochratoxin A, citrinin, patulin,
deoxynivalenol, T-2 toxin, and zearalenone was recorded.
The ICG assay for OTA had no cross-reaction to other
mycotoxins and was confirmed to be specific to OTA.

Possibility of simultaneous analysis based on ICG assay
The main advantages of ICG assay are a user format, non-
instrumental, and on-site detection. However, up to now,
this method has been used for a single analyte. We
suspected that the immunochromatographic assay could be
applied to development of a simultaneous assay if mycotoxin-
protein conjugates for each toxin are immobilized at
different positions on membrane. Figure 3 shows the
specificity of MAb-gold conjugates for corresponding test
lines which are treated with AFB1- and OTA-BSA
conjugate at difference positions on the membrane. A color
development at the AFB1 test (or OTA test zone) and
control zones was only observed, and no color developed
at the OTA test zone (or AFB1 test zone), when ICG assay
was assembled with the conjugate pad with the AF78
MAb-gold conjugate (or OTA3 MAb-gold conjugate).

When the mixture of 2 MAb-gold conjugates was applied
to conjugated pad and the assay was run with 30% MeOH/
PBS, color development was observed at both test zones
and control zone. However, the application of the AFB1/
OTA mixture (100/100 ng/mL in 30% MeOH/PBS)
showed no color development at the test zones. This
indicates that the AF78 MAb-gold and OTA3 MAb-gold
conjugates were specific to the respective mycotoxin-BSA
conjugates immobilized at test zone. We thought that the
development of simultaneous detection based on immno-
chromatographic assay is possible.

Characterization of the OS-ICG assay The OS-ICG
assay for multianalysis of AFB1 and OTA was developed
with the optimal conditions of the ICG for a single toxin.
Figure 4 shows the sensitivity and influence of the OS-ICG
assay for different mycotoxin presences. The detection
limits for AFB1 and OTA were determined to be 0.5 and
2.5 ng/mL (Fig. 4A and 4B), respectively, because the
color development at AFB1 and OTA test zones did not
observe at 0.5 ng/mL of AFB1 and 2.5 ng/mL of OTA when
AFB1 and OTA standard solutions were separately applied
to the OS-ICG strip. Meantime, no color development of
AFB1 and OTA test zones was observed at ≥0.5 ng/mL of
AFB1 and 2.5 ng/mL of OTA when the OS-ICG assay was
run with the AFB1/OTA mixture solutions (Fig. 4C). This
indicates that the reaction between one mycotoxin and the
corresponding specific MAb-gold conjugate was not
affected by the presence of the other mycotoxin, and the

Fig. 2. Determination of the suitability of MAb-gold
conjugates for the development of an ICG assay. C, control
line; T, test line (AFB1-BSA or OTA-BSA treated); BSA-gold
conjugate was added to conjugated pad then ICG strip was run
with 30% MeOH/PBS (A), AFB1 negative (B) and positive (C)
were applied to the ICG assembled with conjugate pad containing
AF78 MAb-gold conjugate. OTA negative (D) and positive (E)
were applied to the ICG assembled with conjugate pad containing
OTA3 MAb-gold conjugate.

Fig. 3. Estimation of the specificity of MAb-gold conjugates for
corresponding test lines, and assessment of the possibility of
simultaneous analysis for AFB1 and OTA. C, control line; OT,
OTA test line; AT, AFB1 test line. AF78 MAb-gold (A) and OTA3
MAb-gold (B) conjugates was separately added to each conjugate
pad and the ICG strips were run with 30%MeOH/PBS. Mycotoxin
negative (C) and positive (AFB1/OTA: 100/100 ng/mL in 30%
MeOH/PBS) (D) solutions were analyzed by OS-ICG assembled
with conjugate pad containing 2 MAb-gold conjugates. The color
development on each test zone for mycotoxin negative and
positive test were clearly different.
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OS-ICG assay should be practicable to detect multiple
mycotoxins. The OS-ICG assay required only one experimental
step (sample application; 200 µL) and 15 min to detect 2
mycotoxins in 1 analytical cycle. Cross-reaction of the OS-
ICG was shown in Table 1 and was the same as that of the
ICG assay.

Assessment of the matrix effect from feed Mycotoxins
has low solubility in aqueous solution, so methanol has
been usually used to extract AFB1 and OTA from samples.
However, this organic solvent tends to dissolve protein,
lipid, and other components, which are an obstacle for
mycotoxin determination in immunoassays. Besides, high
concentration of methanol affected to a binding between
antibody and free mycotoxin. AFB1- and OTA-free feed
samples were extracted with 60% methanol, and AFB1/
OTA mixtures (0.1/0.1, 0.5/0.5, 1/1, 2.5/2.5 ng/mL) were
prepared in the original extract and analyzed by the OS-
ICG assay. As shown in Fig. 5B, no color at test and
control zones was observed. This indicates that the feed
extract has strong matrix effect due to feed components
and 60% methanol.

To reduce matrix interferences and methanol contents,
we used a dilution method because one of the major
advantages of an ICG assay is simplicity. The feed extract
was diluted from 2- to 6-fold with PBS and the mixtures of
AFB1/OTA were prepared in each diluent at the same
concentration. No color still generated at test zone of the
OS-ICG assay performed with 2-fold diluted extracts (Fig.
5C). Meanwhile, the OS-ICG assay carried out with 4- and
6-fold diluted extracts showed different color intensities at
test zones and constant red color at control zones. The color
development on AFB1 and OTA test zones disappeared at
≥0.5 ng/mL of AFB1 and ≥2.5 ng/mL of OTA, respectively.
Thus, we selected 4-fold dilution for sample preparation
because increasing the dilution could decrease the
concentration of AFB1 and OTA in samples. The results of
4-fold diluted extract (Fig. 5D) were the same with those of
30% MeOH/PBS (Fig. 5A).

To validate a practical detection of AFB1 and OTA in
feed by the OS-ICG assay, AFB1 and OTA positive feeds

were prepared 5 times on different days by adding different
levels of the AFB1/OTA mixture (5/5, 10/10, 25/25, 50/55,
and 100/100 µg/kg) to mycotoxin-free feed, dried overnight
at RT, and analyzed by the OS-ICG assay. The red color
development appeared at both test lines corresponding to
each mycotoxin when the blank sample was applied to the
assay. Color intensities of AFB1 and OTA test lines
decreased as the concentration of AFB1 and OTA increased
and then completely disappeared at ≥10 µg/kg of AFB1
and 50 µg/kg of OTA. Thus, we thought that the cut-off
values in real feed samples are 10 and 50 µg/kg for AFB1
and OTA, respectively. The concentrations of ≥10 µg/kg of
AFB1 and 50 µg/kg of OTA will be ≥0.5 and 2.5 ng/mL,
respectively, after sample preparation described as above.
Practically, these levels could be detected by the OS-ICG
assay. The spike series were also analyzed by the ICG
assay and DC-ELISA. The results by 3 immunoassays
were summarized in Table 2. The results of the OS-ICG
assay not only were the same as those of individual ICG
but also showed a good agreement with those of DC-

Table 1. Specificity of 3 immunoassays toward aflatoxins,
ochratoxins, and other mycotoxins

Mycotoxins

Cross-reactivity1)

ICG assay DC-ELISA
OS-ICG

AFB1 OTA AFB1 (%) OTA (%)

Aflatoxin B1 + - 100 NI +

Aflatoxin B2 + - 26 NI +

Aflatoxin G1 + - 31 NI +

Aflatoxin G2 + - 23 NI +

Ochratoxin A - + NI 100 +

Ochratoxin B - - NI <1% -

Citrinin - - NI NI -

Patulin - - NI NI -

Zearalenone - - NI NI -

T-2 toxin - - NI NI -

1)+ and - mean positive and negative results in the methods; NI, no
inhibition.

Fig. 4. Determination of influence for the presence of other mycotoxin and sensitivity of OS-ICG assay. C, control line; OT, OTA
test line; AT, AFB1 test line. AFB1 standard solution (A), OTA standard solution (B), and AFB1/OTA mixture solution (0/0, 0.1/0.1, 0.5/
0.5, 1/1, 2.5/2.5, 5/5/, and 10/10 ng/mL) were tested. The color development on test zones at ≥0.5 ng/mL of AFB1 and ≥2.5 ng/mL of
OTA clearly disappeared.
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ELISA. Moreover, the results by 3 methods were in good
agreement with the amounts spiked. We thought that the
OS-ICG developed in our study could be applied
practically to the rapid and simultaneous analysis of AFB1
and OTA.

Simultaneous detection of AFB1 and OTA in feed
samples Sixty-five feed samples were analyzed by the
OS-ICG and DC-ELISA and the results were summarized

in Table 3. AFB1 and OTA were detected in 5 feeds (Ch-
ox1, Ch-ox7, Gi-ox1, Jn-ox2, and Jn-ox4) and 1 feed (Jn-
ox 2) by the OS-ICG assay, whereas 9 (Ch-ox1, Ch-ox4,
Ch-ox5, Ch-ox7, Gi-ox1, Gi-pi2, Jn-fi4, Jn-ox2, and Jn-
ox4) and 7 (Ch-ox7, Gi-ox1, Gs-ox3, Gs-ch3, Gs-ch6, Jn-
ox2, and Jn-ox4) feed samples found to be AFB1 and OTA
contamination by the DC-ELISA. The mycotoxin-positive
samples revealed by both immunoassays were confirmed
and quantified by HPLC. Six (Ch-ox1, Ch-ox7, Gi-ox1, Jn-
fi4, Jn-ox2, and Jn-ox4) feeds were confrimed to be AFB1
contamination in a concentration range of 0.48-15.58 µg/
kg, and 4 (Ch-ox7, Gi-ox1, Jn-ox2, and Jn-ox4) samples
contained OTA in a concentration range of 0.52-50.54 µg/
kg. The AFB1 and OTA concentration of feed samples was
lower than the maximum permit limit of Korean government
(5). In the analyses by 3 methods, 5 feed samples (Ch-ox1,
ox7, Gi-xo1, Jn-ox2, and ox4) contaminated with ≥1 µg/kg
of AFB1 and 1 feed sample (Jn-ox2) contaminated with
≥50 µg/kg of OTA were all positive. Strangely, the OS-
ICG assay could detect <10 µg/kg of AFB1 in feed
samples. We thought the reason that the contamination
with other aflatoxins was frequent if the samples were
contaminated with AFB1 and maybe the OS-ICG assay
detected other aflatoxins. DC-ELISA presented more
positive samples than other methods did. The ELISA
method may overestimate some results, it is often due to
the matrix effects. Fortunately, the OS-ICG showed no
matrix interferences. We thought the reason that the strip
test possessed a sample pad and it may intercept shifting of
interferences to conjugate and membrane of strip. In
addition, 4 feed samples (Ch-ox7, Gi-ox1, Jn-ox2, and Jn-
ox4) were concurrently contaminated with AFB1 and
OTA, and it demonstrates that both mycotoxin could co-
occur in feed and food. Therefore, the development of
simultaneous method for multiple mycotoxins is necessary
and the described OS-ICG assay in this study could be
used as convenient qualitative tool for the on-site
multianalysis of AFB1 and OTA in one analytical cycle.

In conclusion, we developed the OS-ICG assay based on
the principle of immunochromatogaphic assay for the
simultaneous analysis of AFB1 and OTA in feed samples.
Results of the OS-ICG assay showed good agreement with
those of DC-ELISA and HPLC. The cut-off levels of the
assay were 0.5 and 2.5 ng/mL for AFB1 and OTA, respectively.
The OS-ICG does not require time-consuming, expensive
equipment, and laborious for AFB1 and OTA analysis and
could be finished within 15 min. Although the sensitivity
of OS-ICG for OTA is lower than AFB1, we are certain

Fig. 5. Assessment of matrix effect from the feed extracts. C,
control line; OT, OTA test line; AT, AFB1 test line. The AFB1/
OTA mixtures were prepared with 30% methanol (A), original
extract (B), 2-fold diluted extract (C), and 4-fold diluted extract
(D). The labels (0, 1.25, 2.5, 5, and 10) indicate the concentration
(ng/mL) of AFB1 and OTA in mixture.

Table 2. AFB1 and OTA analysis in spiked feed samples by the individual ICG, DC-ELISA, and OS-ICG

Sample
Spiked AFB1/OTA 

level (g/kg)

Individual ICG1) DC-ELISA OS-ICG

AFB1 OTA AFB1 determined (g/kg) OTA determined (g/kg) AFB1 OTA

Feed
(n=5)

0/0 - - ND2) ND - -

5 /5 - - 4.1±0.3 5±0.6 - -

10/10 + - 8.1±0.7 9±0.4 + -

25/25 + - 19.1±1.6 18.3±4.6 + -

50/50 + + 49±4.6 40±0.4 + +

100/100 + + 92.4±7.2 8.1±10.2 + +

1)-, Negative result, red color in test zone; +, positive result, no color in test zone.
2)ND, mycotoxin was not detected by the method.
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that the method has sufficient sensitivity for screening of
AFB1 and OTA in feed samples within maximum permits
established by few countries (4-6). Results from the
validation of the OS-ICG assay with the spiked feed
samples verified the trustworthiness of the method. In this
study, although our research has been limited to 2
mycotoxins, we expect that a new simultaneous assay
detectable 3 or more mycotoxins could be developed by
using the concept of immunochromatographic assay.
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