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ABSTRACT
In this study the bright greenish-yellow fluorescence test, widely used by the corn milling industry, was compared to
the thin-layer chromatography (TLC) and spectrofluorimetry methods for aflatoxin detection in 40 corn samples
naturally contaminated by the Aspergillus section Flavi. According to the corn processing industry criteria, all the
samples were adequate for human and animal consumption by the bright greenish-yellow fluorescence test, but TLC
and spectrofluorimetry analysis detected aflatoxins above the maximum tolerated limit (20 µg/kg) in 7 and 8
samples, respectively. Aflatoxins were detected in 16 (40%) corn samples by TLC, with levels ranging from 4.0 to
54.0 µg/kg (mean 19.97 ± 15.97 µg/kg), and in 25 (62.5%) samples by spectrofluorimetry, with levels ranging from
1.0 to 58.66 µg/kg (mean 17.14 ± 17.81 µg/kg). The results indicated a good correlation (ρ = 0.97) between TLC
and spectrofluorimetry for aflatoxin determination in naturally contaminated corn. The bright greenish-yellow
fluorescence test was simple and quick, but it showed 20% false-negative results, suggesting its use only as
screening method for detecting the suspected lots of grains that should be tested further for aflatoxin by more
sensitive methods.
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INTRODUCTION
Aflatoxins are toxic secondary metabolites
produced mainly by Aspergillus flavus and A.
parasiticus. Aflatoxins B1 (AFB1), B2 (AFB2), G1
(AFG1) and G2 (AFG2) have been detected in corn
(Hussein and Brasel, 2001), although AFB1 is the
*

most frequent and toxic, causing risks to human
health due to its carcinogenic, mutagenic and
teratogenic effects (WHO, 1979). In addition to
the health hazard, the natural occurrence of
aflatoxins in agricultural staples causes serious
economic losses for commercial sectors including
crop, livestock and poultry producers, as well as
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food and feed processors. Losses may result from
poor grain quality, low crop yields, crop
downgrading and reduced animal performance
(Pestka et al., 1995).
Taking into account that mycotoxin is a problem
difficult to avoid and that more and more strict
guidelines on mycotoxin contamination have been
imposed by the importing countries, the most
effective control measure depends on a rigorous
program of monitoring the food and feed
producing chain. Therefore, sensitive and accurate
methods for mycotoxin detection are essential to
minimize the exposure and comply with trade
requirements. Conventional aflatoxin detection
techniques include thin-layer chromatography
(TLC), high-performance liquid chromatography
(HPLC), gas-liquid chromatography, and mass
spectroscopy (Pestka et al., 1995). These methods
are accurate and reproducible, but require
extensive clean-up steps to overcome the food
matrix interferences, trained staff and a timeconsuming procedure, in addition to high cost and
use of harmful solvents (Barna-Vetró et al., 1996;
Sydenham et al., 1996a, b).
The corn milling industry has widely used the
presence of bright greenish-yellow fluorescence
under an ultraviolet (UV) light as a presumptive
indicator of aflatoxin. This method is not
quantitative, nor is it a direct detection of aflatoxin
itself because the fluorescence is produced by the
oxidative action of peroxidases in living plant
tissue on kojic acid, which is formed with
aflatoxin by A. flavus (Marsh et al., 1969). The
aim of this study was to evaluate the performance
of the bright greenish-yellow fluorescence test and
compare it to TLC and spectrofluorimetry for
aflatoxin detection in corn samples.

maximum of 7 days for microbiological analysis.
For aflatoxin determination, 200 g of each corn
sample were ground to 20 mesh and stored at
–20oC.
Mycoflora analysis
Mycoflora analysis was carried out as described by
Ono et al. (2006).
Bright greenish-yellow fluorescence test
An aliquot of 100 g sample was ground and
analyzed under UV light (365 nm). The number of
bright greenish-yellow fluorescence (BGYF)
points was counted and samples with three or
more points were considered suspect for aflatoxin
contamination.
Aflatoxin determination by Thin-Layer
Chromatography
The aflatoxin extraction was carried out according
to Soares and Rodriguez-Amaya (1989). An
aliquot of 50 g sample, previously ground to 20
mesh, was extracted with methanol – 4% KCl,
cleaned up with ammonium sulfate 30% and
diatomaceous earth followed by two partitions to
chloroform. Aliquots of 5 mL each of first and
second chloroform extractions were combined and
evaporated to dryness in an 80o C water bath. The
residue was dissolved in 200 µL chloroform and
aflatoxins were analyzed using silica gel G 60
plates (Merck, Darmstadt, GFR) and toluene:ethyl
acetate: chloroform:formic acid (70:50:50:20, v/v)
as developing solvent according to Gimeno
(1979). The mean recovery rates from spiked corn
in the range 5 – 20 µg/kg were 97% for AFB1,
93% for AFG1, 93% for AFB2 and 94% for AFG2
(mean CV 8.3%) based on duplicate spiking and
analyses. The detection limit was 4 µg/kg. All the
samples were analyzed in duplicate.

MATERIALS AND METHODS
Corn samples
Out of 400 freshly harvested corn (Zea mays L.)
samples collected from three processing industries
in the Northern region of Paraná State (2003 crop),
40 samples were selected based on their positivity
for the Aspergillus section Flavi. Corn kernels
were taken randomly from 9 to 12 truck bin sites
immediately after harvesting and pooled (10 kg),
following the sampling protocol established by the
Brazilian Guidelines (Brasil, 1976). After
homogenization, the corn samples (1 kg) were sent
to the laboratory and maintained at 4oC for a

Aflatoxin determination by spectrofluorimetry
An aliquot of 50 g sample, previously ground to
20 mesh, was mixed with 5 g NaCl and 100 mL
methanol:water (80:20, v/v) and blended at high
speed for 3 min. After filtration, 10 mL extract
were diluted with 40 mL ultra-pure water and 5
mL were cleaned up using Aflatest-P®
immunoaffinity column (Vicam, Somerville, MA).
After washing the column with 10 mL ultra-pure
water, aflatoxins were eluted with 1 mL methanol.
Quantification
was
performed
by
spectrofluorimetry (Cary Eclipse, Varian) adding
1ml developing solution (0.003% bromine).
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Excitation and emission wavelengths were 363 nm
and 440 nm, respectively. The mean recovery rates
from spiked corn in 5 and 30 µg/kg were 72.4 and
80% (mean CV 8.8%), respectively, based on
duplicate spiking and triplicate analyses. Detection
limit was 1.0 µg/kg. All the samples were analyzed
in triplicate.
Statistical analysis
Aflatoxin levels detected by TLC were compared
to spectrofluorimetry analysis using the Pearson
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correlation test (Statistic software 6.0, Stat Soft,
Inc.).

RESULTS AND DISCUSSION
The
number
of
bright
greenish-yellow
fluorescence points, Aspergillus section Flavi
count and aflatoxin levels in 40 corn samples are
shown in Table 1.

Table 1 - Aspergillus section Flavi count, number of bright greenish-yellow fluorescence (BGYF) points and
aflatoxin levels determined by thin-layer chromatography (TLC) and spectrofluorimetry
Aflatoxins
Aspergillus section
Number of
Samples
Flavi
(CFU/g)
BGYF
points
TLC (µg/kg)
Spectrofluorimetry (µg/kg)
2
1
4.00
5.64
1.0 x 10
1
2
32.00
41.12
1.0 x 102
1
3
4.50
10.23
1.0 x 102
1
4
4.00
12.75
1.5 x 102
1
ND
ND
2
5
3.0 x 103
6
ND
ND
1.0 x 102
1
7
ND
2.16
1.0 x 102
1
8
5.50
9.97
1.0 x 104
1
9
ND
ND
1.0 x 102
ND
10.50
16.18
5.5 x 103
1
10
ND
1.72
2.0 x 102
ND
11
12
ND
1.44
1.0 x 102
1
ND
1.22
1.0 x 102
1
13
14
54.00
58.66
1.0 x 104
1
15
ND
ND
1.0 x 102
1
ND
ND
1.5 x 102
ND
16
17
ND
1.00
1.0 x 102
ND
18
27.00
34.70
1.0 x 102
1
19
ND
1.50
1.0 x 102
ND
5.00
9.26
1.0 x 103
1
20
21
ND
1.30
1.5 x 103
1
22
38.00
42.55
1.0 x 103
1
23
ND
ND
1.0 x 103
1
24
ND
ND
5.0 x 102
1
25
20.00
25.29
1.0 x 103
1
ND
ND
5.0 x 102
1
26
27
ND
1.15
1.0 x 103
1
28
45.00
49.67
1.0 x 104
1
29
ND
ND
1.0 x 103
1
30
ND
1.38
1.0 x 102
1
31
ND
ND
1.0 x 102
1
32
ND
ND
5.0 x 102
1
33
10.00
14.01
1.0 x 102
1
34
ND
ND
1.0 x 102
1
35
ND
ND
1.0 x 102
1
36
10.00
15.39
5.0 x 103
1
37
25.00
30.23
1.0 x 104
2
38
25.00
39.87
4.5 x 103
1
39
ND
ND
1.0 x 103
1
40
ND
ND
4.0 x 102
1
ND = not detected
Detection limit: TLC = 4 µg/Kg ; Spectrofluorimetry= 1 µg/Kg
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The samples selected for the comparison of
different methods were positive for the Aspergillus
section Flavi, ranging from 1.0 x 102 to 1.0 x 104
CFU/g corn. A total of 33 samples (82.5%)
showed one point of fluorescence, two samples
(5%) two points and in five samples (12.5%) no
fluorescent point was detected by the bright
greenish-yellow fluorescence test. According to
the corn processing industry criteria, all the
samples were adequate for human and animal
consumption. These results were not in accordance
with TLC and spectrofluorimetry analysis which
detected aflatoxins above the maximum tolerated
limit (20 µg/kg) in 7 and 8 samples, respectively,
i.e., the bright greenish-yellow fluorescence test
showed false negative results. Glória et al. (1998)
reported 14 false-negative results out of 286 corn
samples analyzed by the bright greenish-yellow
fluorescence test, when compared to TLC whose
contamination levels were > 20 µg/kg. Palomino et
al. (1998) analyzed 61 corn samples by the bright
greenish-yellow fluorescence test and detected two
false-negative samples (3%) in comparison to
TLC.
Out of 40 corn samples analyzed, five samples
(12.5%) did not show fluorescent points under UV
light, although they were contaminated by
Aspergillus section Flavi and/or aflatoxins (Table
1). Thompson and Henke (2000) reported no
relationship between the number and weight of
fluorescing corn kernels and aflatoxin levels.
Interfering compounds in corn matrix, when
excited by UV light can absorb and emit
fluorescent light with wavelengths similar to
aflatoxins, yielding false-positive results. In
addition, the mycotoxin can occupy an inner
region of the kernel, impairing detection by this
method in intact corn kernels (Shotwell et al.,
1974), causing false-negative results. Shotwell and

Hesseltine (1981) recommended grinding the
sample as an alternative to avoid the false-negative
results.
Total
aflatoxin
levels
detected
by
spectrofluorimetry were higher than those obtained
by TLC (Table 1). Aflatoxins were detected in 16
(40%) corn samples by TLC, with levels ranging
from 4.0 to 54.0 µg/kg (mean 19.97 ± 15.97
µg/kg), and in 25 (62.5%) samples by
spectrofluorimetry, with levels ranging from 1.0 to
58.66 µg/kg (mean 17.14 ± 17.81 µg/kg).
Aflatoxin levels ranging from 1.0 to 20 µg/kg
were detected in nine (22.5%) samples by TLC
and in 17 (42.5%) samples by spectrofluorimetry,
while levels ranging from 20.1 to 60.0 µg/kg were
detected in seven (17.5%) samples by TLC and 8
(20.0%) by spectrofluorimetry. Considering 20
µg/kg as the maximum limit allowed for total
aflatoxins (AFB1 + AFB2 + AFG1 + AFG2) by the
Brazilian Guidelines (ANVISA, 2002), 33 (82.5%)
and 32 (80%) samples were adequate for
consumption by TLC and spectrofluorimetry,
respectively.
The spectrofluorimetry/TLC ratio values in 40
corn samples are shown in Table 2. Aflatoxins
were not detected in 15 (37.5%) samples by either
method, while they were detected in nine (22.5%)
samples by spectrofluorimetry, but not by TLC
probably due to the lower detection limit shown by
spectrofluorimetry (1.0 µg/kg) compared to TLC
(4.0 µg/kg). Aflatoxin levels detected by
spectrofluorimetry were 1.1 to 1.5 fold higher than
those detected by TLC in 8 (20%) samples (Table
2), probably due to interferences in the matrix
(Trucksses et al., 1991). The performance of
immunoaffinity column methods depends on the
antibody specificity (Patey et al., 1991).

Table 2 - Spectrofluorimetry/TLC (Thin-layer chromatography) ratio in 40 freshly harvested corn samples from the
Northern region of Paraná State.
Spectrofluorimetry/TLC ratio
N
%
n.d./n.d.
15
37.5
d/n.d.
9
22.5
1.00 – 1.50
8
20.0
1.51 – 3.00
7
17.5
3.01 – 4.00
1
2.5
N = number of samples; n.d. = not detected; d = detected.

The
correlation
between
TLC
and
spectrofluorimetry data for aflatoxin determination

in naturally contaminated corn samples is shown
in Figure 1. The correlation coefficient (ρ) of 0.97
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was similar to that reported by Nilüfer and
Boyacioglu (2002), who evaluated aflatoxins
spiked in tahini by HPLC and fluorometry (ρ =
0.98). Beaver et al. (1990) reported a high
correlation coefficient (ρ = 0.99) analyzing 35
corn samples by postcolumn derivatization-liquid
chromatography (LC-PCD) and TLC. The results
(Fig. 1) indicated a good correlation between TLC
and spectrofluorimetry demonstrating the effective
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use
of
spectrofluorimetry
for
aflatoxin
determination in naturally contaminated corn.
Nevertheless,
the
bright
greenish-yellow
fluorescence test showed 20% false-negative
results, suggesting its use only as screening
method for detecting the suspected lots of grains
that should be tested further for aflatoxin by more
sensitive methods.

Figure 1 - Correlation between aflatoxin levels determined by TLC and spectrofluorimetry in
naturally contaminated corn samples (n = 40). Linear regression equation (y = 1.1357
x + 1.9671) was obtained with correlation coefficient of 0.97. x and y represent
aflatoxin levels determined by spectrofluorimetry and TLC, respectively.
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RESUMO
Neste trabalho a contagem de fluorescência
luminosa
amarelo-esverdeada,
amplamente
utilizada pela indústria de processamento de
milho, foi comparada à cromatografia em camada

delgada (CCD) e espectrofluorimetria para
detecção de aflatoxinas em 40 amostras de milho
naturalmente contaminadas por Aspergillus section
Flavi. De acordo com os critérios da indústria
processadora de milho, todas as amostras estavam
adequadas para o consumo humano e animal pela
contagem de fluorescência luminosa amareloesverdeada (CFLAE), porém as análises por CCD
e espectrofluorimetria detectaram aflatoxinas
acima do limite máximo tolerado (20 µg/kg) em 7
e 8 amostras, respectivamente. As aflatoxinas
foram detectadas em 16 (40%) amostras por CCD,
com níveis variando de 4,0 a 54,0 µg/kg (média
19,97 ± 15,97 µg/kg) e, em 25 (62,5%) amostras
por espectrofluorimetria, com níveis variando de
1,0 a 58,66 µg/kg (média 17,14 ± 17,81 µg/kg). Os
resultados indicaram uma boa correlação (ρ=0,97)
entre CCD e espectrofluorimetria para detecção de
aflatoxinas em amostras de milho naturalmente
contaminadas. A CFLAE, apesar da simplicidade e
rapidez, apresentou 20% de resultados falsonegativos, sugerindo seu uso apenas como método
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de triagem para detecção de lotes de grão suspeitos
de contaminação que devem ser avaliados
posteriormente por métodos mais sensíveis.
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