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ABSTRACT

In this study the bright greenish-yellow fluoresoetest, widely used by the corn milling industvgs compared to
the thin-layer chromatography (TLC) and spectroflm®try methods for aflatoxin detection in 40 ca@amples
naturally contaminated by the Aspergillus sectidavi: According to the corn processing industryteria, all the

samples were adequate for human and animal consomipy the bright greenish-yellow fluorescence,teat TLC

and spectrofluorimetry analysis detected aflatexabove the maximum tolerated limit (20/kg) in 7 and 8
samples, respectively. Aflatoxins were detectetbifd0%) corn samples by TLC, with levels rangimgnf 4.0 to

54.00/kg (mean 19.9% 15.97g/kg), and in 25 (62.5%) samples by spectrofluctiynevith levels ranging from
1.0 to 58.66ug/kg (mean 17.14 17.81.g/kg). The results indicated a good correlatign=0.97) between TLC
and spectrofluorimetry for aflatoxin determinatiom naturally contaminated corn. The bright greenigklow

fluorescence test was simple and quick, but it sldo®0% false-negative results, suggesting its udg as

screening method for detecting the suspected Ibtgrains that should be tested further for aflatoXiy more
sensitive methods.
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INTRODUCTION most frequent and toxic, causing risks to human

health due to its carcinogenic, mutagenic and
Aflatoxins are toxic secondary metabolitesteratogenic effects (WHO, 1979). In addition to
produced mainly byAspergillus flavus and A.  the health hazard, the natural occurrence of
parasiticus Aflatoxins B, (AFB,), B, (AFB,), G;  aflatoxins in agricultural staples causes serious
(AFG,) and G (AFG,) have been detected in corneconomic losses for commercial sectors including
(Hussein and Brasel, 2001), although AR8the crop, livestock and poultry producers, as well as
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food and feed processors. Losses may result fromaximum of 7 days for microbiological analysis.
poor grain quality, low crop Vvields, crop For aflatoxin determination, 200 g of each corn
downgrading and reduced animal performanceample were ground to 20 mesh and stored at
(Pestka et al., 1995). -2C¢°C.
Taking into account that mycotoxin is a problem
difficult to avoid and that more and more strictMycoflora analysis
guidelines on mycotoxin contamination have beeMycoflora analysis was carried out as described by
imposed by the importing countries, the mosOno et al. (2006).
effective control measure depends on a rigorous
program of monitoring the food and feedBright greenish-yellow fluorescence test
producing chain. Therefore, sensitive and accuratén aliquot of 100 g sample was ground and
methods for mycotoxin detection are essential tanalyzed under UV light (365 nm). The number of
minimize the exposure and comply with tradebright greenish-yellow fluorescence (BGYF)
requirements. Conventional aflatoxin detectiorpoints was countec&and samples with three or
techniques include thin-layer chromatographymore points were considered suspect for aflatoxin
(TLC), high-performance liquid chromatographycontamination.
(HPLC), gas-liquid chromatography, and mass
spectroscopy (Pestka et al., 1995). These method#latoxin  determination by  Thin-Layer
are accurate and reproducible, but requir€hromatography
extensive clean-up steps to overcome the foo@lhe aflatoxin extraction was carried out according
matrix interferences, trained staff and a timeto Soares and Rodriguez-Amaya (1989). An
consuming procedure, in addition to high cost andliquot of 50 g sample, previously ground to 20
use of harmful solvents (Barna-Vetr6 et al., 1996mesh, was extracted with methanol — 4% KCI,
Sydenham et al., 19964, b). cleaned up with ammonium sulfate 30% and
The corn milling industry has widely used thediatomaceous earth followed by two partitions to
presence of bright greenish-yellow fluorescencehloroform. Aliquots of 5 mL each of first and
under an ultraviolet (UV) light as a presumptivesecond chloroform extractions were combined and
indicator of aflatoxin. This method is not evaporated to dryness in an°&D water bath. The
quantitative, nor is it a direct detection of afldh  residue was dissolved in 2QQ chloroform and
itself because the fluorescence is produced by tledlatoxins were analyzed using silica gel G 60
oxidative action of peroxidases in living plantplates (Merck, Darmstadt, GFR) and toluene:ethyl
tissue on kojic acid, which is formed with acetate: chloroform:formic acid (70:50:50:20, v/v)
aflatoxin by A. flavus (Marsh et al., 1969)The as developing solvent according to Gimeno
aim of this study was to evaluate the performancgl979). The mean recovery rates from spiked corn
of the bright greenish-yellow fluorescence test anth the range 5 — 2Qug/kg were 97% for AFB
compare it to TLC and spectrofluorimetry for93% for AFG, 93% for AFB and 94% for AFG
aflatoxin detection in corn samples. (mean CV 8.3%) based on duplicate spiking and
analyses. The detection limit wasid/kg. All the
samples were analyzed in duplicate.
MATERIALS AND METHODS
Aflatoxin determination by spectrofluorimetry
Corn samples An aliquot of 50 g sample, previously ground to
Out of 400 freshly harvested corde@ mayds..) 20 mesh, was mixed with 5 g NaCl and 100 mL
samples collected from three processing industriesethanol:water (80:20, v/v) and blended at high
in the Northern region of Paran& State (2003 cropypeed for 3 min. After filtration, 10 mL extract
40 samples were selected based on their positivityere diluted with 40 mL ultra-pure water and 5
for the Aspergillus section FlaviCorn kernels mL were cleaned up using Aflatest-P
were taken randomly from 9 to 12 truck bin sitesmmunoaffinity column (Vicam, Somerville, MA).
immediately after harvesting and pooled (10 kg)After washing the column with 10 mL ultra-pure
following the sampling protocol established by thewater, aflatoxins were eluted with 1 mL methanol.
Brazilian Guidelines (Brasil, 1976). After Quantification was performed by
homogenization, the corn samples (1 kg) were sespectrofluorimetry (Cary Eclipse, Varian) adding
to the laboratory and maintained atC4for a 1ml developing solution (0.003% bromine).
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Excitation and emission wavelengths were 363 nroorrelation test (Statistic software 6.0, Stat Soft
and 440 nm, respectively. The mean recovery ratésc.).

from spiked corn in 5 and 3@g/kg were 72.4 and

80% (mean CV 8.8%), respectively, based on

duplicate spiking and triplicate analyses. Detectio RESULTS AND DISCUSSION

limit was 1.0ug/kg. All the samples were analyzed

in triplicate. The number of bright greenish-yellow
fluorescence points,Aspergillus section Flavi
Statistical analysis count and aflatoxin levels in 40 corn samples are

Aflatoxin levels detected by TLC were comparedshown in Table 1.
to spectrofluorimetry analysis using the Pearson

Table 1 - AspergillussectionFlavi count number of bright greenish-yellow fluorescence (B&Ypoints and
aflatoxin levels determined by thin-layer chromatgahy (TLC) and spectrofluorimetry

Samples Aflatoxins Aspergi [lus section Number.of
TLC (ug/kg) Spectrofluorimetry (ug/kg) Flavi (CFU/g) BGYF points
1 4.00 5.64 1.0x 10 1
2 32.00 41.12 1.0x 0 1
3 4.50 10.23 1.0x 0 1
4 4.00 12.75 1.5x 0 1
5 ND ND 3.0x 16 2
6 ND ND 1.0x 16 1
7 ND 2.16 1.0x 18 1
8 5.50 9.97 1.0x 10 1
9 ND ND 1.0x168 ND
10 10.50 16.18 5.5 x fo 1
11 ND 1.72 2.0x 18 ND
12 ND 1.44 1.0x 16 1
13 ND 1.22 1.0x 18 1
14 54.00 58.66 1.0x fo 1
15 ND ND 1.0x168 1
16 ND ND 1.5x 16 ND
17 ND 1.00 1.0x 18 ND
18 27.00 34.70 1.0x f0 1
19 ND 1.50 1.0x 18 ND
20 5.00 9.26 1.0x 10 1
21 ND 1.30 1.5x1b 1
22 38.00 42.55 1.0x fo 1
23 ND ND 1.0x168 1
24 ND ND 5.0x 16 1
25 20.00 25.29 1.0x fo 1
26 ND ND 5.0x 16 1
27 ND 1.15 1.0x 18 1
28 45.00 49.67 1.0x fo 1
29 ND ND 1.0x168 1
30 ND 1.38 1.0x 16 1
31 ND ND 1.0x 16 1
32 ND ND 50x 18 1
33 10.00 14.01 1.0x 0 1
34 ND ND 1.0x168 1
35 ND ND 1.0x 16 1
36 10.00 15.39 5.0x o 1
37 25.00 30.23 1.0x fo 2
38 25.00 39.87 4.5x 0 1
39 ND ND 1.0x 16 1
40 ND ND 4.0x 16 1

ND = not detected
Detection limit: TLC = 4ug/Kg ; Spectrofluorimetry= ug/Kg
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The samples selected for the comparison dflesseltine (1981) recommended grinding the
different methods were positive for tAspergillus sample as an alternative to avoid the false-negativ
sectionFlavi, ranging from 1.0 x 70to 1.0 x 10  resullts.

CFU/g corn. A total of 33 samples (82.5%)Total aflatoxin levels detected by
showed one point of fluorescence, two samplespectrofluorimetry were higher than those obtained
(5%) two points and in five samples (12.5%) ndoy TLC (Table 1). Aflatoxins were detected in 16
fluorescent point was detected by the brigh{40%) corn samples by TLC, with levels ranging
greenish-yellow fluorescence test. According tdfrom 4.0 to 54.0pg/kg (mean 19.97+ 15.97
the corn processing industry criteria, all theug/kg), and in 25 (62.5%) samples by
samples were adequate for human and animgpectrofiuorimetry, with levels ranging from 1.0 to
consumption. These results were not in accordang®.66 ug/kg (mean 17.14+ 17.81 pg/kg).
with TLC and spectrofluorimetry analysis which afjatoxin levels ranging from 1.0 to 2Qg/kg
detected aflatoxins above the maximum toleratefere detected in nine (22.5%) samples by TLC
limit (20 pg/kg) in 7 and 8 samples, respectively,and in 17 (42.5%) samples by spectrofluorimetry,
i.e., the bright greenish-yellow fluorescence tesfije |evels ranging from 20.1 to 60u@y/kg were
showed false negative results. Gloria et al. (1998)qtected in seven (17.5%) samples by TLC and 8
reported 14 false-negative results out of 286 Corb0.0%) by spectrofluorimetry. Considering 20
samples analyzed by the bright greenish-yellow o, a5 the maximum limit allowed for total
fluorescence test, when compared to TLC Whos&flatoxins (AFB + AFB, + AFG, + AFG,) by the
contamination levels were > 2@/kg. Palomino et gra;ilian Guidelines (ANVISA, 2002), 33 (82.5%)
al. (1998) analyzed 61 corn samples by the brigh{,q 32 (80%) samples were adequate for

greenish-yellow fluorescence test and detected t"‘{%nsumption by TLC and spectrofluorimetry
false-negative samples (3%) in comparison t?espectively. '

TLC. , The spectrofluorimetry/TLC ratio values in 40
Out of 40 corn samples analyzed, five samplegy samples are shown in Table 2. Aflatoxins
(12.5%) did not show fluorescent points under U\Myere not detected in 15 (37.5%) samples by either
light, although they ~were contaminated DYpethod, while they were detected in nine (22.5%)
AspergillussectionFlavi and/or aflatoxins (Table samples by spectrofluorimetry, but not by TLC
1). Thompson and Henke (2000) reported nQohaply due to the lower detection limit shown by
relat|ons_h|p between the number and_we|ght ngectrofluorimetry (1.Qug/kg) compared to TLC
fluorescing corn kernels and aflatoxin Ievels.(40 uglkg). Aflatoxin levels detected by
Inte_t[fedrm% C%T/panﬁts n cort? rEat”X’d Whe.r,:spectrofluorimetry were 1.1 to 1.5 fold higher than
excite y 'ght - can  absorb - and €Mity, s getected by TLC in 8 (20%) samples (Table
fluorescent light with wavelengths similar to 2), probably due to interferences in the matrix

ggztgélr?s’thglerfIg?)tofarzseégg&g\éi res;:;[s'.nnlgr(Trucksses et al., 1991). The performance of
rion, Y xin ca upy NN immunoaffinity column methods depends on the
region of the kernel, impairing detection by this

method in intact corn kernels (Shotwell et aI.,amIbOOIy specificity  (Patey et al, 1991).

1974), causing false-negative results. Shotwell and

Table 2 - Spectrofluorimetry/TLC (Thin-layer chromatographsgjio in 40 freshly harvested corn samples froe th
Northern region of Parana State.

Spectrofluorimetry/TLC ratio N %
n.d./n.d. 15 375
d/n.d. 9 225
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 saetl.

The correlation between TLC and in naturally contaminated corn samples is shown
spectrofluorimetry data for aflatoxin determinationin Figure 1. The correlation coefficient)(of 0.97
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was similar to that reported by Nilifer anduse of spectrofluorimetry for  aflatoxin
Boyacioglu (2002), who evaluated aflatoxinsdetermination in naturally contaminated corn.
spiked in tahini by HPLC and fluorometrp € Nevertheless, the bright greenish-yellow
0.98). Beaver et al. (1990) reported a highluorescence test showed 20% false-negative
correlation coefficient = 0.99) analyzing 35 results, suggesting its use only as screening
corn samples by postcolumn derivatization-liqguidnethod for detecting the suspected lots of grains
chromatography (LC-PCD) and TLC. The resultghat should be tested further for aflatoxin by more
(Fig. 1) indicated a good correlation between TLGensitive methods.

and spectrofluorimetry demonstrating the effective
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w
=]
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Figure 1 - Correlation between aflatoxin levels determirgd TLC and spectrofluorimetry in
naturally contaminated corn samples (n = 40). Limegression equation (y = 1.1357
X + 1.9671) was obtained with correlation coeffitieof 0.97. x and y represent
aflatoxin levels determined by spectrofluorimetgd TLC, respectively.
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