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Abstract:

flatoxins are the by-products of fungal metabolism and common contaminants in feed.

To keep their level below permissible limits, various assays have been developed.

Currently, High Performance Liquid Chromatography (HPLC) with fluorescence
detection of toxins is most widely used method but the cleanup methods requiring specific gadgets
have increased the cost of the assay. Thin Layer Chromatography (TLC) is effective and
economical but it only gives semi quantitative determination for aflatoxin.

This study explores the preparative potential of TLC as cleanup method for HPLC analysis of
toxin. Standard aflatoxins solutions containing 10 ng of B1, 2.5 ng of B2 and 2.5 ng of G2 were
spotted on silica plates and then extracted using chloroform and acetone (4:1). The extracted
toxins were resolved and quantified on HPLC using fluorescent detection. The results showed 81,
79 and 60% mean recovery of aflatoxin B1, B2 and G2, respectively. This method was proved
equivocally comparable to other methods of aflatoxins cleanup and thus can be used as an

alternative cost effective cleanup method.
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Introduction

Aflatoxins are naturally produced secondary
metabolites by some molds species, which contaminate
the agricultural products in the field and/or while post-
harvest duration. [1]. Aflatoxins are chemically
difuranocoumarin compounds and include B1, B2, B2a
G1, G2, G2a, M1 and M2. These are mainly produced by
various Aspregilluss section such as A. flavus, A.
parasiticus and A. nomius [2]. These toxins produce
various pathological effects in humans, animals and
birds including hepatotoxicity, teratogenesis and
mutagenesis [3]. In poultry, these are associated with
necrotic lesions in oral mucosa and intestinal tract,
immune suppression and production losses [4].
Therefore, the level of aflatoxins is strictly monitored in
food and feedstuff to keep it below the permissible
limits. US Department of Agriculture and US Food and
Drug Administration (FDA) have established an
actionable level of 20 ppb of aflatoxins in animal feeds

other than corn and cottonseed meal [5].

The qualitative and quantitative detection of aflatoxins
has become possible by variety of techniques. These
techniques are based on immunochemical,
electrochemical and optical properties of aflatoxins such
as enzyme linked immune-sorbent assay (ELISA),
immune sensors, dipsticks, strip-tests, thin layer
chromatography (TLC), high performance liquid
chromatography (HPLC) with or without fluorescence
detection and liquid chromatography tandem mass

spectroscopy (LC/MS) [6,7].

Some newer techniques for this purpose are capillary
electrophoresis, adsorptive stripping voltammetry,
electrochemical transduction, and amperometric
detection [8-10]. Each of these techniques has its merits
and demerits in terms of efficiency, cost, time and

expertise required.

HPLC coupled with fluorescence detection is one of the
most sensitive and accurate method for aflatoxin
determination. Principally, the aflatoxins are extracted
from sample matrix through a polar solvent or a mixture
of solvents, once extracted the aflatoxins are cleaned up
through variety of methods to remove any impurities
causing hindrance in the chromatogram interpretation.
The cleanup requires solid phase extraction columns of
silica or florisil and matrix solid phase extraction or
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immuno affinity columns, thereby increasing the cost of
the assay [11].

TLC is simple, widely used, low cost and semi
quantitative method of aflatoxin determination [12].
Using variety of solvent systems for extraction and
cleanup, this method is applicable for different kinds of
sample matrixes. TLC has both analytical and
preparative potential for aflatoxin determination. The
objective of this study is to explore the preparatory
potential of TLC as a replacement of other cleanup
methods for quantification of aflatoxins through HPLC
with fluorescence detection.

Methods

Standard solution containing 2 ppm of aflatoxin B1, 0.5
ppm of aflatoxin B2 and 0.5 ppm of aflatoxin G2 was
diluted to get standard solutions of 1, 2, 5, 10 and 25 ppb
of B1;0.25, 0.5, 1.25, 2.5 and 6.25 ppb of B2 and 0.25, 0.5,
1.25, 2.5 and 6.25 ppb of G2. Perkin Elmer series 200
HPLC systems with TotalChrom Workstation was used
for data analysis. The standards were run in mobile
phase containing 60% water, 20% methanol and 20%
acetonitrile while keeping the flow rate of 1 mL/min.
The C-18 column was used as stationary phase to resolve
each toxin. Fluorescence detector was used at excitation
wavelength of 360 nm and emission wavelength of 440
nm. The standard curve for each toxin was drawn by
taking the peak area and plotting it against known
amount. Peak areas of aflatoxin Blstandard at various
concentrations are given in Table 1. The standard curve
of B1 is shown in Figure-1. Chromatogram of standard
solution of aflatoxin Bl, B2 and G2, resolved using
mobile phase containing 60% water, 20% methanol, and
20% acetonitrile is given in Figure 2.
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Figure 1: Standard curve of Aflatoxin B1
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Aflatoxin B (ppb) Peak area (uV.s)
1 1728.58
2 3937.51
5 7647.09
10 16599.76
25 48013.47

Table 1: Peak areas of Aflatoxin Blstandard at various concentrations

Figure 2: Chromatogram of standard solution of aflatoxin B1, B2 and G2,
resolved using mobile phase containing 60% water, 20% methanol, 20%
acetonitrile.

Aflatoxin Matrix Cleanup Recovery %  Reference
method
B1  Corn Immuno 82-84% [13]
affinity
columns
B1,B2, G1,G2  Corn,raw  Immuno 97-131% [14]
peanut, affinity
peanut columns
butter
B1,B2, G1,G2  Peanuts Solid phase 78-86% [15]
extraction

Table 3 shows percent recoveries of aflatoxins using other cleanup
methods

Figure 3: Chromatogram of standards solutions of Aflatoxin B1, B2 and
G2after running on silica gel plate and extraction with chloroform and

acetone (4:1).

A volume of 80 uL of aflatoxin standard containing 10ng
of B1, 2.5 ng of B2 and 2.5 ng of G2 was dissolved in
acetonitrile and spotted on TLC silica coated plates. The
plates were run in mobile phase containing 10% acetone
and 90% chloroform. After the development of plates,
they were visualized under UV light (254 nm) and the
portion of plates containing spots were excised. The
excised portions of plates were dipped in chloroform
and acetone (4:1) for 15 minutes. The excised portion
were re-examined under UV light to confirm the
elution. The chloroform and acetone were evaporated to
dryness and the aflatoxins were re-dissolved in 1 mL of
acetonitrile and filtered through 0.45 um filter to
separate any silica particles left. The filtrate was
examined through HPLC using florescence detector and
setting the conditions similar as for standards. The
chromatogram of extracted standard solution by above
mentioned method is shown in Figure 3. The amount of
eluted aflatoxins was determined using calibration curve
of aflatoxins standards containing known amounts of
each aflatoxin B1, B2 and G2 and their percentage
recovery was established.

Results

Table 2 shows the percent recovery of standards
containing 10 ng of aflatoxin B1, 2.5 ng of B2 and 2.5 ng
of G2. The percentage recovery of aflatoxins from this
method was comparable to other cleanup methods, such
as immune affinity columns and solid phase extraction
system, assuming complete extraction of aflatoxins by
TLC cleanup method used. Since extracted potential of
various TLC methods is well established, therefore,
while using this method, percentage extraction potential
of TLC from different matrixes should be considered for
final calculations.

Mean Maximum Minimum
Aflatoxin recovery recovery recovery
(%) (%) (%)

Aflatoxin 81 90 70

B
Aflatoxin 79 73 85

B2
Aflatoxin 60 40 71

G2

Table 2; Percent recovery of aflatoxin B1, B2, and G2 using
preparative TLC cleanup method
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Discussion

Quantification potential of TLC is limited but the cost of
sample preparation is economical as compared to other
methods. Various standard TLC methods for aflatoxin
determination can be combined with HPLC exploiting
quantitative potential of HPLC. The visual observation
of toxins under UV light before HPLC analysis enhances
the validity of this method. Good cleanup of samples
before spotting on TLC plate will greatly reduce the
noise between peaks. The results of this study show that
preparative TLC can be used as an alternate precise
method to other cleanup methods for aflatoxin analysis
on HPLC thus reducing the cost of assay. The extraction
potential of immune affinity and solid phase extraction
system from various matrices is shown in Table 3. Brera
et al. extracted 82-84% of aflatoxin Bl from corn,
et al. demonstrated 97-131%
recovery of aflatoxin B1, B2, G1 and G2 using immune

whereas, Trucksess
affinity columns [13,14]. Recovery of aflatoxins B1, B2,
G1 and G2 was 78-86% in peanuts when solid phase
extraction system was employed [15].

The TLC cleanup method used in this study can be an
alternative to immune affinity and solid phase
extraction cleanup for quantification of aflatoxins on
HPLC system using fluorescent detection. It can be used
as in-house cost effective protocol in combination with
TLC
quantification of aflatoxins from various matrixes,

various extraction systems. For accurate
extraction potential of TLC extraction procedure should
be established for that particular matrix and final

calculations should be adjusted accordingly.
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