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ABSTRACT

Objective: The purpose of this work is to develop and validate an appropriate solvent solution
and quantitative thin layer chromatography (TLC) method for determining the aflatoxins content
of chicken feeds and dietary grains.

Materials and Methods: To obtain the optimal mobile phase, samples were extracted with meth-
anol/water (3:1) + 5% sodium chloride and partitioned using several solvent systems using pre-
parative TLC. Camag TLC scanner 3 was used to scan the TLC plates at 366 nm and quantify them
using JustTLC software. The method was tested for linearity, specificity, accuracy, precision, sen-
sitivity, and robustness in accordance with ICH recommendations, and then utilized to screen 132
Nigerian poultry/food samples for total aflatoxins (TAFs).

Results: The best separation of aflatoxins was achieved using acetonitrile and dichloromethane
(3:17) mobile phase over an average run time of 45 min, resulting in linear calibration curves (R? >
0.99) in the concentration range limit of quantitation (LoQ) to 50 ng/spot with a limit of detection
of <2.0 ng/g and a LoQ of <4.0 ng/gm for all aflatoxins in all spiked samples. When the proposed
TLC method was compared to an optimized high-performance liquid chromatography method, an
excellent linear regression was obtained (R? > 95%). Seventy seven (58.33%) of the 132 samples
examined were positive for aflatoxins, with mean values ranging from 3.57 + 2.55 to 37.31 +
34.06 ng/gm for aflatoxin B1 and 6.67 * 0.00 to 38.02 + 31.52 ng/gm for TAFs, respectively.
Conclusions: The results demonstrate the feasibility of using the suggested TLC method in con-
junction with a novel solvent solution (free of carcinogenic chloroform) for the rapid and accurate
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measurement of TAFs in foods/feeds.

Introduction

Numerous mycotoxigenic fungus, most notably Aspergillus
species (spp). Penicillium spp. and Fusarium spp., can
infect numerous agricultural products both during and
after harvesting, releasing toxic secondary metabolites
known as mycotoxins that are extremely dangerous to
humans, plants, and animals. Although the majority of foods
are screened for the presence of mycotoxins prior to being
released to consumers, research has shown that the major-
ity of fungal spores germinate into fungi, and thus accumu-
late more mycotoxin in stored products under favorable

environmental conditions [1,2], resulting in severe acute
or chronic manifestations of mycotoxicoses in humans or
other animals that consume such products. Thus, the devel-
opment of simple, rapid, and reliable approaches for myco-
toxin screening in foods and feeds is critical.

Section on Aspergillus spp., Flavi are the most commer-
cially significant mycotoxigenic fungus at the moment, fre-
quently contaminating poultry feeds [3-5] and stored food
goods [6-12]. They create the most toxic/carcinogenic
category of mycotoxins known as aflatoxins, of which two
aflatoxin B groups [aflatoxin B1 (AFB1) and aflatoxin B2
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(AFB2)] and two aflatoxin G groups [aflatoxin G1 (AFG1)
and aflatoxin G2 (AFG2)] are the most hazardous and fre-
quently encountered in foods and feeds [13-18]. These
four aflatoxins are responsible for the majority of acute
and chronic forms of aflatoxicosis in vertebrates world-
wide. As a result, the critical nature of continual monitor-
ing for the presence of these lethal poisons in meals and
feeds cannot be overstated.

Thin-layer chromatography (TLC) continues to be
one of the most straightforward, quick, and reliable
procedures for screening aflatoxins in foods and feeds.
It is 100% as effective as the enzyme-linked immuno-
sorbent assay approach for assessing aflatoxins in fun-
gal cultures [19]. It has been utilized in a number of
recent investigations to detect and quantify aflatoxins
in foods [20-30], feeds [31-35], and a variety of differ-
ent matrices [19,20,36-47]. However, concerns with
extraction methods and solvent systems remain unre-
solved. As can be seen from the majority of the above-
cited literature, chloroform/acetone (9:1 v/v) is one of
the most often used Association of Official Analytical
Chemists approved solvent systems because it provides
excellent TLC separation of aflatoxins. However, due to
chloroform'’s established oral and respiratory carcino-
genicity and hepatotoxicity [48,49], its use is discour-
aged. The majority of known TLC solvent solutions for
aflatoxins screening in foods or feeds are restricted to a
single food or feed category. Thus, the objectives of this
study are to (1) develop and validate a solvent system/
TLC method for the detection and quantification of afla-
toxins in foods and feed using a simple extraction pro-
cess that does not require sample cleaning, (2) compare
the method’s performance to that of a gold standard
(STD) method [high-performance liquid chromatogra-
phy (HPLC) method], and (3) assess the developed TLC
method’s versatility by applying it to the screening of
total aflatoxins (TAFs) in commercial poultry feeds, pea-
nuts, and cereal samples from Nigerian open markets.
The proposed technique can be used for both qualitative
and quantitative aflatoxins determinations in feeds and
foods with high precision and reliability; thus, it has the
potential to become a routine technique for monitor-
ing foods and feeds, particularly in laboratories lacking
HPLC/high-performance thin layer chromatography/
liquid chromatography with tandem mass spectrometry.

Materials and Methods
Reagents and STDs

The methanol (MeOH) used to extract the samples was of
analytical grade obtained from R & M chemicals (United
Kingdom). Other solvents used for the mobile phase
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selection were all HPLC - grade solvents with percentage
purities greater than 99.9%. They include acetonitrile
(ACN) [A998-4, Fisher Scientific, United State of America
(USA)], acetone (A949-1, Fisher Scientific, USA), MeOH
(106007, Merck KGaA, Darmstadt, Germany), dichloro-
methane (DCM) (106044, Merck KGaA, Darmstadt,
Germany), acetic acid (02002123, Fisher Scientific, USA),
chloroform (102445, Merck KGaA, Darmstadt, Germany),
and toluene (108327, Merck KGaA, Darmstadt, Germany).
The mixed aflatoxin STD (Pribolab, STD#1089) at a cer-
tified concentration of 20 pg/ml for each of the four
aflatoxins (B1, B2, G1, and G2) in 5 ml ACN solution was
supplied by Pribolab, Singapore.

Food samples and poultry feed samples

For TAF determination, 132 composite samples of com-
mercial poultry feeds and food grains were purchased
from open markets in Nigeria (Katsina state). The sam-
ples purchased include 84 food grain samples comprising
21 composite samples each of maize, peanuts, wheat, and
rice; 48 commercial poultry feed samples consisting of 12
composite samples each of starter, layer, grower, and fin-
isher feeds. Each composite sample was made by combin-
ing three samples of the same type and brand purchased
from different vendors of the same market.

Preparation of fortified samples

A 100 ml working STD solution containing 200 ng/ml of
AFB1, AFB2, AFG1, and AFG2 was prepared by diluting 1.0 ml
of the 20.0 pg/ml mixed STD aflatoxin solution in 99 ml of
MeOH. The working STD was used for spiking the food
grains and poultry feed at various desired spiking levels.
Premium quality poultry feed, peanut, maize, rice, and
wheat samples were purchased for the spiking. The sam-
ples were screened to ensure they had no detectable levels
of aflatoxins by HPLC. For each spiking, the sample was
divided into two portions (spiking portion and blank),
weighing 5 gm each. The blank portion was spiked with
MeOH only. While the spiking portion was fortified with
the desired spiking concentration using the spiking formula
[50,51], below:

Aflatoxin STD to spike (ml)
Sample weight ( gm) x Desired spiking level (ng/ gm)

Concentration of aflatoxin STD (ng/ ml)

The spiked samples were homogenized adequately
to ensure even distribution of the aflatoxin, then equil-
ibrated at room temperature for 1 h, and subsequently
grounded to crystalline powder using an electric pow-
der grinder (Golden Bull Stainless Steel Universal Miller,
Bosch Teknologi, Malaysia). The grounded power was
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extracted based on the extraction method for the samples
as described below.

Extraction of aflatoxins from the samples

The samples were extracted by utilizing the double
extraction protocol of aflatoxins [52] coupled with the
principle of the quick, easy, cheap, effective, rugged, and
safe extraction technique [53,54] with some modifica-
tions. Four different solvents, including MeOH + water (75 +
25 v/v), MeOH (100%), ACN + water (75 + 25 v/v), and
ACN (100%), plus sodium chloride (NaCl) (5%), each was
screened for aflatoxin extraction efficiency using poultry
feed, rice, maize, wheat, and peanut samples spiked with
aflatoxins at three levels (10, 20, and 30 ng/gm). In each
case, 5 gm of the grounded spiked sample was weighed into
a separate conical flask and extracted with 50 ml of the sol-
vent/salt mixture by percolation for 2 h with continuous
shaking at 100 rpm on an orbital shaker (Scilogex LCD dig-
ital orbital shaker, Westwood USA). The mixture was sub-
sequently blended for 2 min using a high-speed blender,
allowed to settle for 1 h before decanting and filtering the
organic layer through filter paper (Smith 102 Qualitative
A0335). The residue was remixed three more times with
20 ml of the extraction solvent, and each time allowed to
settle for 1 hour, then decanted and filtered the organic
layer. The total filtrate for each sample was evaporated
in an evaporating oven at 30°C, after which the resulting
extracts were resuspended in 2 ml of the extraction solvent
(without salt) and analyzed by HPLC. The solvent that gave
the highest recovery of the aflatoxins was chosen and used
throughout the rest of the study.

Quantification of aflatoxins using HPLC

The HPLC analysis was carried out following the described
protocol in the enclosed reference material certificate
of analysis of the aflatoxin STDs (solutions in mycotoxin
testing, Pribolab, Singapore) with minor modifications to
achieve optimum separation of the aflatoxins. The analysis
was carried out using HPLC Shimadzu, Nexera-LC-20AD
(Shimadzu, Japan). Optimal chromatographic condition for
the separation of all the four aflatoxins was achieved using
a mobile phase consisting of MeOH + water (37:53) at
360 nm (excitation wavelength), 450 nm (emission wave-
length), a flow rate of 0.50 ml/min, and an injection volume
of 10.0 pl, in an Agilent HC-C18 (2) 150 x 4.60 mm 5.0 pum
column (Agilent Technologies, Netherland). The total run
time was 30 min at a column oven temperature of 40°C.

A set of five different dilutions (1.0, 2.0, 4.0, 6.0, and 8.0
ng/ml) of the aflatoxin STDs were prepared from the stock
solution of the aflatoxin mixture and analyzed by the HPLC
at replicates (n = 3), after which a calibration curve of the
average peak area versus the concentration of each afla-
toxin was constructed using the post-run HPLC software
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(UFLC Shimadzu, Japan). The aflatoxin STDs’ calibration
curve was used to assess the aflatoxins’ recovery in all the
spiked samples.

Screening of solvent systems for the qualitative detection of
TAFs by preparative TLC (pTLC)

Fifty silica gel coated aluminum sheets, measuring 2.5 x20 cm
each, were cut from commercial aluminum TLC plates
precoated with silica gel of 0.2 mm thickness (Merck
60 F254, Germany). A sample spotting point was made
with a thin horizontal line drawn with a pencil from 2
cm to the bottom of each TLC sheet. To obtain a spotting
amount of 20 ng/spot for each aflatoxin, 10 pl of the 200
ng/ml mixed STD aflatoxin solution was spotted at the
middle of the spotting point of each TLC sheet and allowed
to stay for 15 min at room temperature for the solvent to
evaporate. Various solvent systems (mobile phases) com-
posed of ACN/MeOH/H,0, ACN/H,0, ACN/acetone, ACN/
DCM, acetone/DCM, MeOH/DCM, MeOH/HZO, and tolu-
ene/DCM at various ratios were tested for the ability to
separate the aflatoxins on the TLC plates. Each TLC sheet
was developed separately in the TLC tank using a single
solvent system (mobile phase). The TLC plate for each sol-
vent system was viewed using both ultra violet (U.V.) tran-
silluminator at 365 nm and Camag TLC visualizer at 366
nm to observe the separation, if any, of the aflatoxins based
on their characteristic fluorescence under UV light. Mobile
phases that produced the excellent separation of the afla-
toxins were selected and further screened for the ability to
separate the four aflatoxins in spiked samples of peanut,
maize, rice, wheat, and poultry feed spotted on the same
TLC plate alongside the mixed aflatoxin STD at a distance
of 2.5 cm parallel to each other. The best solvent system
that produced the best separation of the aflatoxins in all
the spiked samples was selected for the quantitative TLC
and validation.

Quantitative thin layer chromatography (qTLC) analysis

Prior to qTLC, aflatoxin bands obtained from the selected
mobile phase in pTLC were carefully scraped, dissolved
in MeOH, filtered using a microsyringe filter of 0.22 um
pore size (Microlab Scientific, Malaysia), and analyzed
separately by HPLC to confirm the identity of the aflatoxin
in each TLC band. The qTLC analysis was performed on
20 x 20 cm commercially developed aluminum TLC plates
coated with silica gel of 0.2 mm thickness (Merck 60 F,,
Darmstadt, Germany). A horizontal line was made with a
pencil at 2 cm from the bottom of each plate and 1 cm from
the top to serve as a mark for sample application point
and solvent font. Samples were spotted (10 pl per spot)
using a micropipette at 2.5 cm from one spot to another
on the plates along the sample application line. The plates
were pre-washed with the mobile phase before the sample
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application. Spotted plates were developed separately in
the TLC tank (Kontes, Vineland, USA) containing 200 ml
of the mobile phase, after which the plates were dried for
1 h at room temperature. The developed TLC plates were
scanned at 366 nm with Camag TLC scanner 3, and the
aflatoxin bands were quantified using JustTLC software
(version 4.5 Sweday, Lund, Sweden).

Validation of the qTLC method

The method was validated following the protocol of the
ICH (International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use) [55]
for linearity, specificity, accuracy, repeatability, reproduc-
ibility (intermediate precision), robustness, and sensitivity
[limit of detection (LoD), and limit of quantitation (LoQ)].

Linearity

The method’s linearity was determined by spotting ten dif-
ferent concentrations (0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0,
64.0, and 100.0 ng/spot) of the aflatoxin solution on the
20 x 20 cm TLC plate and developed in TLC tank using the
selected mobile phase, after which the plate was scanned at
366 nm with Camag TLC scanner 3 and processed using the
JustTLC software to obtain the volume of the four aflatoxin
bands for each concentration. The same procedure was
repeated twice to obtain a triplicate set. A five-point cali-
bration curve was constructed by plotting the average vol-
ume of aflatoxin bands against the concentration (ng/spot).
The regression equation (for the relationship between the
volume of aflatoxin bands and concentration) obtained for
each of the four aflatoxins was used to determine its respec-
tive recovery in the spiked and unknown samples.

Sensitivity (LoD and LoQ)

The method’s sensitivity was evaluated by assessing the
LoD and LoQ for each aflatoxin (AFB1, AFB2, AFG1, and
AFG2). The determination of both parameters (LoD and
LoQ) was carried out based on the standard deviation (SD)
of responses (o) and the slope (S) of the calibration curves
for both the aflatoxin STD and the spiked extracts using the
following formulae [55].

30
LoD = —
oD - = ()
100
L = — 2
0Q S (2)

Repeatability (intra-day precision) and reproducibility
(inter-day precision)

The repeatability was evaluated by spiking blank samples
at three different concentrations within the linearity range,
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spotted together (50, 40, and 30 ng/spot) on TLC plates in
triplicate, and developed on the same day. The within-day
precision was then evaluated based on the variation in the
obtained aflatoxin concentrations for the triplicate analy-
ses expressed in percentage relative SD (% RSD).

The within laboratory reproducibility (intermediate
precision), on the other hand, was assessed by repeating
the intra-day (n = 3) precision analysis for two more dif-
ferent days, making a total of nine replicates of each con-
centration for the three different days. The intermediate
precision was expressed in terms of the % RSD of the aver-
age concentrations of aflatoxins of the 3 days for each of
the three spiked concentrations of the aflatoxins.

Specificity

The method’s specificity was evaluated by analyzing the
STD aflatoxin solution and the spiked extracts for the pres-
ence or absence of interfering bands within the retention
factor (Rf) range regions of the four aflatoxins at three dif-
ferent concentrations for replicates (n = 3).

Accuracy

The method’s accuracy was evaluated based on the STD
addition method [55-57]. Three different concentrations
of the aflatoxins (prepared by spiking blank solution of
maize extract) were spotted on the TLC plate at 50, 40,
and 30 ng/spot in triplicate. The plates were developed,
and the accuracy was calculated as the average percentage
recovery of the aflatoxins from the three developed TLC
plates at each concentration.

Robustness

The method’s robustness was ascertained by varying the
extraction time, solvent saturation level during develop-
ment, and slight changes in the mobile phase composition.

Performance evaluation

The TLC method’s performance was evaluated using 10
dilutions (1.0, 2.0, 4.0, 8.0, 10.0, 12.0, 14.0, 16.0, 18.0, and
20.0 ng/ml) of the mixed aflatoxin STDs analysed by both
the TLC method and the HPLC method. The performance of
the two methods was then compared using the fit regression
model and Bland-Altman’s method of assessing the degree
of agreement between two quantitative methods [58]

Screening of aflatoxins in commercial poultry feeds and
foodgrains

The validated qTLC method was used to screen the 132
commercial poultry feed samples and food samples for
TAFs (AFB1, AFB2, AFG1, and AFG2). All the samples were
extracted as described above. The extract of each sample
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Figure 1. Average recoveries of the aflatoxins for three spiking levels in maize, rice, peanut,
wheat, and poultry feed. Samples were extracted in triplicates using MeOH + water + NaCl

(75:25:5,v/v/w).

was dissolved in 2 ml of the extraction solvent (MeOH/
water, 3:1 v/v) and filtered with the 0.22 um pore size
syringe filter (Microlab Scientific, Malaysia) before spotting
on the TLC plates alongside the mixed aflatoxin STD (posi-
tive control) and analyzed by the qTLC as described above.

Results and Discussion
Extraction of the aflatoxins

Like many other mycotoxins, aflatoxins have moderate
polarity, making them readily soluble in mixtures of water
and polar organic solvents such as ACN, acetone, or MeOH
[59-64]. Hence, they are most commonly extracted by shak-
ing in these solvents for 30-90 min and subsequently ana-
lyzed after filtering the extracts plus or minus a clean-up
stage [64,65]also called masked mycotoxins. Mycotoxins are
secondary fungal metabolites, toxic to human and animals.
Toxigenic fungi often grow on edible plants, thus contami-
nating food and feed. Plants, as living organisms, can alter
the chemical structure of mycotoxins as part of their defence
against xenobiotics. The extractable conjugated or non-ex-
tractable bound mycotoxins formed remain present in the
plant tissue but are currently neither routinely screened for
in food nor regulated by legislation, thus they may be consid-
ered masked. Fusarium mycotoxins (deoxynivalenol, zeara-
lenone, fumonisins, nivalenol, fusarenon-X, T-2 toxin, HT-2
toxin, fusaric acid. In the current protocol, a recovery study
of aflatoxins from spiked maize, rice, wheat, peanut, and
poultry feed was carried out using four different extraction
solvents without applying the clean-up stage as described
above. The average recovery values of aflatoxins obtained
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using the tested solvents at the three spiking levels include
42.37%-48.62%, 44.77%-47.08%, 79.11%-91.48%, and
88.81%-103.52% for 100% MeOH, 100% ACN, ACN + water
(3:1v/v), and MeOH + water (3:1 v/v) solvents respectively.
Thus, lower aflatoxin recovery was obtained when 100%
MeOH, 100% ACN, or ACN + water (3:1 v/v) plus salt were
used as extraction solvent, which is in accordance with the
reports of Choochuay et al. [54] and Capriotti et al. [66].
Hence, the extraction solvent consisting of a mixture of NaCl
and MeOH + water (3:1 v/v) having the highest recovery/
yield of aflatoxins in all the spiked samples was chosen
for the present study. This chosen solvent has successfully
extracted aflatoxins from the fungal culture [67] and poultry
feeds [68]. Figure 1 shows the average recoveries of all the
aflatoxins in all the spiked samples obtained using the cho-
sen extraction solvent.

Determination of aflatoxins using HPLC

The linearity of the aflatoxin STDs obtained by HPLC is
depicted in Figure 2. All the four aflatoxins were well
separated at distinct retention times, producing sharp
peaks with no interference of the sample matrix in all
the spiked samples. The coefficient of determination (R?)
values obtained from the linear calibration curves of the
aflatoxins over the concentration range of 1.0 to 8.0 ng/ml
are 0.9995, 0.9999, 0.9997, and 0.9993 for AFB1, B2, G1,
and G2, respectively. The calibration curve for each afla-
toxin was used to assess its level in all the spiked samples.
The high R? values indicate the method’s high sensitivity
[69,70], which was further ascertained by the high recov-
ery values (99.6% to 107%) of aflatoxins in the spiked
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samples. Hence, the HPLC method was used to evaluate the
performance of the qTLC method.

Screening of solvent systems for the qualitative detection of
TAFs by pTLC

The result of the preliminary screening of the various sol-
vent systems for their ability to separate aflatoxins in the
extracts of the spiked samples when used as TLC mobile
phases are presented in Table 1. Of the 20 different solvent
systems tested, only seven showed a considerable separa-
tion of the aflatoxins. In contrast, others only dragged the
extract along with the TLC plates with little or no separa-
tion. Figure 3 shows the pattern of separation produced by
the best seven solvent systems. As shown in Figure 3, all the
seven suitable mobile phases contained DCM and ACN or
MeOH. Since World War II, DCM has been a versatile organic
solvent to dissolve different organic substances/compounds
in many chemical and industrial processes [71]. It has more
vital dielectric forces than chloroform, making it have higher
polarity and elution power compared to the latter.

Partitioning of compounds by TLC largely depends on the
solubility of the compounds in the chosen mobile phase
and their relative affinity to the stationary phase used [72].
Aflatoxins generally require fewer polar solvents for bet-
ter separation in chromatographic conditions [52]; hence,
their chromatographic separation often depends on the
percentage of the organic solvents in the mobile phases
[54,73,74]. Our result showed that the mobile phase con-
sisting of ACN/DCM at a ratio of 3:17 v/v produced the
best separation of all the four aflatoxins at distinct Rf val-
ues. Aflatoxins were not detected in mobile phases consist-
ing of high polar solvents like water. A similar pattern was
observed by [73] when they compared the performance of
the highly polar and non-polar solvent system as mobile
phases for separating aflatoxins. Therefore, the ACN-DCM
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Figure 2. Chromatogram comparison showing the linearity in
the HPLC analysis of five different concentrations (1.0, 2.0, 4.0,
6.0, and 8.0 ng/ml) of aflatoxin STDs prepared in 75% MeOH.
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Table 1. TLC mobile phases screened for aflatoxin separation
potential.

TLC mobile phase Aflatoxins detected in each spiked sample

S/N (solvent system) in Poultry )
Maize

ml ratios Peanut  Rice Wheat
feed
1 ACN + MeOH +
ND ND ND ND ND
dH,0 (20:20:60)
2 ACN + MeOH +
dH,0 (10:30:60) ND ND ND ND ND
3 ACN + MeOH
ND ND ND ND ND
(50:50)
4 ACN + dH.0
2
16:64) B1 B1 ND B1 B1
5 ACN + Acetone
ND ND ND ND ND
(1:10)
6
ACN + Acetone ND ND ND ND ND
(1:9)
7
ACN +DCM (3:20) B1,B2 B1,B2 B1,B2 B1,B2 Bl B2
8
ACN+DCM (2:8)  TAFS  TAFS  TAFS  TAFS  TAFS
9
ACN +DCM (1:9)  TAFS  TAFS  TAFS  TAFS  TAFS
10
ACN+DCM (1:10) TAFS  TAFS  TAFS  TAFS  TAFS
11
ACN +DCM (3:17)  TAFS  TAFS  TAFS  TAFS  TAFS
12
Acetone +DCM \ e NAFS  NAFS  NAFS  NAFS
(1:10)
13
Aceto(”fgj DEM NAFS  NAFS  NAFS  NAFS  NAFS
14
Acetone + DCM ND B1 ND 81 B1
(1:5)
15 Acetone + DCM ND B1 ND 81 81
(3:20)
16
MeOH + DCM (1:4)  ND ND ND ND ND
17
MeOH + DCM NAFS  NAFS  NAFS  NAFS  NAFS
(1:10)
18
MeOH +DCM (1:9) NAFS  NAFS  NAFS  NAFS  NAFS
19 MeOH + DCM
ND ND ND ND ND
(3:20)
20
MeOH + dH,0 + ND ND ND ND ND

DCM (1:1:8)

ACN = Acetonitrile, B1 = Aflatoxin B1, B2 = Aflatoxin B2, DCM =
Dichloromethane, dH,0 = Distilled water, MeOH = Methanol, NAFS =
Not well-separated Aflatoxins, ND = Not detected, and TAFS = Total
aflatoxins separation.
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(a) (b) ()

Figure 3. Pattern of aflatoxin separation produced by the solvent
systems. Picture taken on UV transilluminator at 365 nm. (a) ACN +
DCM (1:10, v/v), (b) Acetone + DCM (3:30, v/v), (c) Acetone DCM
(3:27,v/v), (d) ACN + DCM (2:8,v/v), (¢) ACN + DCM (1:9, v/v),
(f) ACN + DCM (3:17,v/v), (g) MeOH + DCM (1:10, v/v).

() d) (¢ )

3:17 mobile phase was chosen and validated in this study.
Figure 4 shows the level of separation produced by the
selected mobile phase (ACN-DCM, 3:17, v/v) in all the
spiked samples.

Validation of the qTLC method: linearity, sensitivity, speci-
ficity, accuracy, precision, and robustness

The calibration curves for the aflatoxin STD solution and
the spiked extracts showed excellent linearity with a coef-
ficient of regression values (R?) above 99%. The linearity
followed Beer’s law [75] over the concentration range of 0.5
to 8.0 ng/spot as ascertained by the high R? values and SD
of intercept <5% and % RSD of <2%. Figure 5 showed the
calibration curves of the four aflatoxins obtained by plotting

(@ (b) (<) (d) (e) (L] (g)

Figure 4. TLC Plate showing the pattern of aflatoxins separation
in the extracts of the various spiked samples produced by ACN +
DCM (3:17, v/v) mobile phase. The photo was taken by Camag
TLC visualizer 3 at 366 nm. (a) Aflatoxin STD (positive control)
(b) Spiked maize, (c) Spiked rice, (d) Spiked wheat, (e) Spiked
peanut, (f) Spiked poultry feed, (gm) solvent (negative control).

the respective concentration of each aflatoxin against the
average volume of TLC bands at replicates (n = 3) for each of
the four aflatoxins. The overall sensitivity of the method as
assessed by the LoD and LoQ values showed that the tech-
nique is highly sensitive with LoD of < 2.0 ng/gm and LoQ of
< 4.5 ng/gm for all the aflatoxins in all the spiked samples.
Table 2 shows the summary of the sensitivity test in spiked
maize samples.

The capacity of an analytical technique to differentiate
the target analyte in the presence of additional compo-
nents in the sample is referred to as specificity [55,76] This
method was found to be specific as there was no interfer-
ence of the aflatoxin bands with other components in the
sample matrix in all the spiked samples. This shows that
the method is highly selective.

Table 2. Sensitivity of the method in spiked maize samples.

Aflatoxins Concentration Recovery (%) % RSD Linear regression curve LoD LoQ
(ng/spot) Equation R SEI (ng/e)  (ng/g)

AFB1 0.5-8.0 81.06-96.99 0.31-1.62 Y=12.;1698786X * 0.9980 0.2686 0.81 2.46
AFB2 0.5-8.0 80.50-97.16 0.26-1.77 ng"gfjjx * 0.9977 0.2790 0.86 2.61
AFG1 0.5-8.0 75.40-95.03 0.20-1.70 Y=]£-l.286:32x * 0.9968 0.5529 1.03 3.11
AFG2 0.5-8.0 89.29-101.11 0.35-1.68 Y=;.§:98;)X * 0.9984 0.4449 0.73 2.22

where, SEl is the STD error of intercept.
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Linear Calibration Curves of the Aflatoxin Standards
45.00
— AFB1 v=3.1942x + 0.6326

‘E K060 R® = 0.9974
2 3500
£ ——AFB2 y=27635x-0.2387
S 30,00 R*=0.9949
=
< 25.00 —AFG1 ¥=46902x+ 17118
k-] R®=0.9968
20,00
E = 45677x + 3.7087
S 1500 ARGLY R® = 0.9982
¥ 10.00 %{ 5% standard error
& 500

0.00
0.00 2.00 4.00 6.00 B8.00 10.00

Concentration (ng/spot)

Figure 5. Linear calibration curves of the aflatoxin STDs. All the
values were plotted with STD error of 5%.

The percentage recoveries of the aflatoxins are between
74% and 105% (Table 3), which is within the acceptable
limit of 70%-10% set by the commission regulation of the
European Communities [77] for aflatoxins measured at a
concentration of 1 to 10 pg/kg. The method was also found
to be both repeatable and reproducible, as ascertained by
the lower percentage RSDs of < 2% for all the intra-day and
inter-day precision measurements (Table 3). This shows
that both the accuracy and precision of the method are
outstanding.

@) 2 25.00

3 20.00 y=1.1246x

E 15.00

% 10.00

f 500

S

g 000

0.00 5.00 10.00 15.00 20.00
Aflatoxin by TLC (ppb)

(c)

R, 2500 y =1.1259x

0.00

5.00 10.00 15.00 20.00
Aflatoxin by TLC (ppb)

Method’s performance evaluation

A linear regression given in Figure 6 was used to compare
the performance of the validated TLC technique to a gold
STD method (HPLC method), yielding a good correlation
(R* > 97%) between the two techniques [78]. The Z-reg
equation’s slope aligns with the anticipated value that sig-
nifies a good agreement between the two techniques.

In addition, when the level of agreement between the
TLC method and the HPLC method was further assessed
using Bland-Altman’s test, a good level of agreement
between the two methods was obtained as evidenced by
the smaller values of the mean difference (bias) between
the two methods (Fig. 7). This implies that the TLC method
could be used routinely to determine aflatoxins in both
food grains accurately and poultry feeds with its simplicity
and cost-effectiveness.

Screening of aflatoxins in commercial poultry feeds and
foodgrains

Of the 84 Nigerian food grains analyzed, 54 (64.29%) were
contaminated by at least one or more aflatoxins at the con-
centration level ranging from 0.3 to 106.7 ng/gm (mean
range = 3.61 *+ 3.7 to 38.02 = 31.52 (Table 4). Peanut sam-
ples have the highest aflatoxin contamination level, fol-
lowed by maize samples, wheat, and rice samples. About
46% of the positive samples contained aflatoxins above the
permissible limit of 20 pg/kg enforced in Nigeria and many

) .
‘% bl y=1.1794x
20.00 RZ = 0'972’9
15.00 <
£ 10.00
g s.00
8-
i 0.00
0.00 5.00 10.00 15.00 20.00
Aflatoxin by TLC (ppb)
@z

10.00
Aflatoxin by TLC (ppb)

20.00 30.00

Figure 6. A regression plot showing the calibration of the aflatoxin concentration determined by the HPLC method
and the proposed qTLC method for ten different concentrations (1.0 to 20.0 ng/ml) of (a) AFB1, (b) AFB2, (c)

AFG1, and (d) AFG2.
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Figure 7. Bland and Altman plots showing the degree of agreement between the measurements of the various concentrations of
aflatoxins (1. 0 to 20.0 ng/ml) by the TLC and HPLC methods for (a) AFB1, (b) AFB2,

(c) AFG1, and (d) AFG2). S is the SD of the difference between the TLC and HPLC measurements, LLOA and ULOA are the respec-
tive lower and upper limits of agreements between the two methods.

countries such as the USA, Nepal, Austria, Philippines,
Brazil, Kenya, etc. [79]. The mean and range of each afla-
toxin in the positive samples are summarized in Table 4.
AFB1 was present in 44 out of the 54 positive samples,
including 8 samples contaminated by all the 4 aflatoxins,
18 samples contaminated by AFB1 only, and 18 other sam-
ples contaminated by AFB1 and 1 or 2 of the 3 other afla-
toxins. This is followed, in decreasing order, by AB2, AG1,
and AFG2, which were detected in 26, 25, and 15 of the
54 positive samples, respectively. However, AFB2 has the
highest overall mean level, followed by AFB1, AFG2, then
AFG1. The level of aflatoxins obtained from the food grains
in this study were lower than the previously reported lev-
els in some Nigerian foods such as peanut cake (mean =151
to 1,428.4 pg/kg) [80], local snacks (range = 14 to 1,041
ug/kg) [81], stored maize (range = 26.5 to 15, 489.6 pg/kg)
[82], dried tomatoes (range = 853 to 1,430 pg/kg) [83], peanuts
(range = 0.0 to 2,076 pg/kg) [84], and cereals (mean range =
0.88 to 589.8 pg/kg) [85]. However, the level of aflatoxins

http://bdvets.org/javar/

Salisu et al. / J. Adv. Vet. Anim. Res., 8(4): 656—670, December 2021

in our study was higher than those reported by some other
researchers from Nigeria [86-90].

Similarly, 23 (47.92%) of the 48 Nigerian poultry feed
samples analyzed were contaminated by aflatoxins rang-
ing from 1.02-103.82 ng/gm (mean range = 7.60 * 5.34 to
82.34 + 51.18 ng/gm) (Table 4), with about 45% contain-
ing the aflatoxins above the permissible limit of 20 pg/kg
as set by the European Union (E.U) [79]. Unlike in the food
grains, AFB1 has the highest detection frequency and mean
level of contamination in the positive poultry feed samples,
followed by AFB2, AFG2, and AFG1. The prevalence of afla-
toxins in the poultry feed samples analyzed in the study
was lower than those reported by other researchers in
Nigeria [3,91-93]. However, the range of aflatoxin concen-
tration in our samples was higher than those reported in
some other parts of Nigeria [3,91,92] but lower than those
reported by Momodu et al. [93].

The high level of aflatoxins obtained from the samples
in this study calls for more preventive intervention/con-
trol strategies at various food/feed value chain levels to
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Table 4. Level of aflatoxin contamination of food grains and poultry feed samples from Nigerian

open markets.

AFB1 AFB2 AFG1
Sample
categories N Concentration N Concentration Concentration N Concentration
(ng/gm) (ng/gm) (ng/gm) (ng/gm)

Maize 21 11  20.13+10.47 2 24.34 £9.45 7 15.03 £ 12.57 2 16.93+0.79
(7.05-34.04) (17.66-31.02) (4.19-41.33) (16.37-17.49)

Peanut 21 10 24.19+26.57 7 38.02+3152 5 36.07 £ 37.85 4 12.35+9.09
(1.49-66.83) (1.89-90.72) (0.31-91.03) (3.05-24.86)

Rice 21 9 9.65 £ 5.55 10 32.92+1957 3 9.07 £3.51 6 10.86 + 6.22
(0.97-19.05) (10.03-68.51) (6.17-13.09) (3.35-19.77)

Wheat 21 14 37.31+34.06 7 34.23+21.26 5 10.84 + 8.59 3 15.17+18.15
(2.13-106.71) (3.35-57.14) (1.14-21.91) (2.41-35.95)

Poultry 48 20 82.34+51.18 12 32.97+1496 4 27.60 £ 15.34 9 24.37 £9.68
feed (20.51-103.82) (1.02-54.33) (3.27-35.21) (5.46-36.04)

Values for the concentration are mean + SD, numbers in the brackets indicate the range of contamination from
lowest to highest contamination levels, n = Total number of samples analysed, N = Number of positive samples
for individual aflatoxin in the respective samples (it does not represent the overall total positive samples as
some aflatoxins occurred in the same samples together).

reduce the contamination level to the acceptable limits.
Some of the significant factors that could be responsible
for aflatoxin contamination of food products in Nigeria
include:

1. Poor harvesting practices (e.g., most crops such as
corn, millet, and peanuts are harvested during the
rainy season and packed together as heap/stook in
the fields and left until the dry season before they
are collected for storage). The stook accumulates
moisture and heat, which promote fungal prolifer-
ation and subsequent aflatoxin accumulation.

2. Mostgrain farmers and traders/sellers use poor stor-
age facilities (e.g., leaky roofs and locked-up stores
with insufficient ventilation outlets).

3. Inter transportation among stakeholders in open
trucks under warm temperatures and high rela-
tive humidity.

4. Non-sorting of damaged/contaminated crops from
uncontaminated ones during harvesting and storage.

5. Fluctuations in the relative humidity and tem-
peratures in the open markets where the com-
modities are being sold and the general lack of
knowledge of fungi and aflatoxins by most retail-
ers lead to poor handling/hygienic practices of
the commodities.

Thus, appropriate intervention strategies should
address these issues to reduce the risks of aflatoxin expo-
sure via contaminated foods or feeds.
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Conclusion

We have successfully developed and validated anew solvent
system and TLC method for the simultaneous qualitative
and quantitative determination of TAFs in foods and poultry
feeds, following the ICH guidelines for validating an analyt-
ical method. The technique was found to be rapid, simple,
coasteffective, highly specific, reliable, accurate, repeatable,
reproducible, robust, and sensitive with LoD and LoQ below
4 ng/gm for all the aflatoxins. Hence, the method could
become a routine technique for determining TAFs in foods
and feeds, especially in laboratories where HPLC/LCMS
instruments are unavailable. Further research is recom-
mended to investigate the applicability of the new solvent
system for separation and detection of other mycotoxins
in feeds and foods, as well as its application in aflatoxin
partitioning in different matrices such as extracts from
fungal cultures, where TLC is currently used as a barcode
in aflatoxigenicity screening and differentiation between
aflatoxigenic and non-aflatoxigenic Aspergillus spp. Some
of the samples analyzed in this study contained aflatoxins
above the maximum legal levels permitted by many coun-
tries and the E.U. Therefore, it is recommended that appro-
priate intervention/control strategies be implemented/
strengthened at various food/feed value chain levels to
reduce the high contamination rate of staple feeds and
foods by the highly toxic/carcinogenic mycotoxins (afla-
toxins) to acceptable levels.
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List of Abbreviations

<, Less than; >, Greater than; °C, Degree celsius; pg/ml,
Microgram per milliliter; pl, Microliter; ACN, Acetonitrile;
AFB1, Aflatoxin B1; AFB2, Aflatoxin B2; AFG1, Aflatoxin G1;
AFG2, Aflatoxin G2; DCM, Dichloromethane; e.g, Example;
E.U, European Union; gm, Gram; HPLC, High-performance
liquid chromatography; ICH, International Council for
Harmonisation; LLOA, Lower Limit of Agreement LoD, Limit of
detection; LoQ, Limit of quantitation; MeOH, Methanol; NaCl,
Sodium chloride; NAFS, Not well-separated aflatoxins; ND,
Not detected; ng/gm, Nanogram per gram; ng/ml, Nanogram
per milliliter; pTLC, Preparative thin layer chromatography;
qTLC, Quantitative thin layer chromatography; R? Coefficient
of determination; Rf, Retention factor; RSD, Relative stsndard
deviation; SEI, Standard Error of Intercept spp, Species; STD,
Standard; TAFs, Total aflatoxins; TLC, Thin layer chroma-
tography; UFLC, Ultra-Fast Liquid Chromatography; ULOA,
Upper Limit of Agreement U.V, Utra violet; USA, United State
of America; v/v, Volume by volume ratio.
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