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ABSTRACT

Fumonisin is one of the most important Fusarium mycotoxin which is often associated
with maize and maize-based products worldwide. It has been associated with various diseases
in humans and animals. Fumonisin contamination was evaluated from forty samples of South
Africa commercial maize by thin layer chromatography (TLC), VICAM immunoaffinity
column/high  performance liquid chromatography (VICAMIAC/HPLC), VICAM
immunoaffinity column/fluorometer (VICAMIAC/fluorometer), enzyme linked immuno-
sorbent (ELISA) and lateral flow test in comparison to high performance liquid
chromatography (HPLC). Strong anion exchange (SAX) cartridge was used for cleanup of
extracts prior to detection by TLC and HPLC while VICAM immunoaffinity column was
used for cleanup prior to VICAMIAC/HPLC and VICAMIAC/fluorometer. Result on TLC
showed that 45% of the samples were contaminated with fumonisin B;. Result on the other
methods showed that 100% of the samples were contaminated with total fumonisins
(fumonisin By + fumonisin B, + fumonisin Bs). The contamination levels of total fumonisins
on HPLC (64 — 1035 ppb), VICAMIAC/HPLC (7 — 803 ppb) and VICAMIAC/fluorometer
(177 — 1097 ppb) were significantly (P < 0.05) lower than ELISA (190 — 2450 ppb) and
lateral flow test (350 — 2700 ppb). Alternatively, using the linear regression analysis on the
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results, it was observed that HPLC and lateral flow method showed a close relationship with a
regression coefficient of 0.824. Percentage recoveries were 97%, 72%, 91%, 50% and 85%
for HPLC, VICAMIAC/HPLC, VICAMIAC/fluorometer, ELISA and lateral flow test,

respectively.
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INTRODUCTION

Maize is one of the major crops grown in South Africa and has been utilised in the
production of varieties of food products for humans as well as for the production of animal
feeds. However, the crop and its products are reported to be susceptible to fumonisin
contamination (Shephard et al., 1996) which occur mainly as a result of Fusarium infection
of the crop in the field and may continue in store if environmental conditions are favourable
(de Vries et al., 2003). In addition, the occurrence of this toxin has been reported in other
commodities such as rice, wheat, spelt, barley, peanut, fig, pistachio as well as raisin
(Kushiro et al., 2007; Trucksess and Scott, 2008). Fumonisins (FBs) are foodborne
carcinogenic mycotoxins produced by F. verticillioides, F. proliferatum and closely related
species. High levels of FBs especially fumonisin B, (FB)) in maize and maize-based products
have been reported in Africa and other parts of the world (Shephard ez al., 1996). Shephard
et al. (2000) revealed significantly high levels (1615 — 6115 ppb) of FBs in maize from
Mazandaran Province in Iran with an increased oesophageal cancer. Further studies have also
shown high range (17900 — 154900 ppb) of FB; in maize from China Provinces (Linxian
County and Cixian County) with high record of oesophageal cancer (Chu and Li, 1994).
Rheeder et al. (1992) also reported a range of 110 to 117520 ppb of FB; in maize from
Transkei region of South Africa. Furthermore high levels of FB, (22960 ppb) in naturally
contaminated maize samples have been reported in Transkei, Eastern Cape Province in South
Africa (Rheeder et al., 1992). Co-occurrence of FB and other Fusarium mycotoxins such as
zearalenone and trichothecenes (deoxynivalenol and nivalenol) as well as Aspergillus
mycotoxins such as aflatoxins in food and feed commodities have also been reported
(D’Mello et al., 1999). Such co-occurrences may be more detrimental than individual

mycotoxins as a result of their synergistic effects (D’Mello et al., 1999).
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Fumonisin B; has been linked to several human and animal diseases worldwide as a
result of its hepatotoxicity, nephrotoxicity, immune stimulation and suppression, liver and
kidney tumours and developmental abnormalities (Harrison et al., 1990; Voss et al., 2001).
In animals, studies have shown that ingestion of high level of FB; contaminated feed causes
equine leukoencephalomalacia (ELEM) in horses (Marasas, 1996), hepatocarcinogenesis in
rats (Gelderblom et al., 2001) and porcine pulmonary oedema (PPE) in pigs (Harrison et al.,
1990). Human maternal consumption of high concentrations of FB; during the early stages of
pregnancy is assumed to increase the risk of neural tube defects of the brain and spinal cord
(Missmer et al., 2006). Bhat ef al. (1997) also reported an outbreak of abdominal pain and
diarrhoea in humans in India as a result of consumption of mouldy maize and sorghum
contaminated with FB;.

Due to the health risk of these toxins on humans and animals, there is need to monitor
the safety of maize grains and its products. Thus, food legislation is put in place to serve as a
tool to safeguard the health of food consumers and the economic interests of food and feed
producers and traders (van Egmond and Jonker, 2004). Setting up mycotoxin limits and
regulation requires regular availability of toxicological data and data on the occurrence of
mycotoxin concentrations in food commodities, and the knowledge of the distribution of
mycotoxin concentrations within lots through availability of analytical methods (van
Egmond and Jonker, 2004). Although several methods have been developed for
determination of FB, the most common and widely used and accepted definitive method is
high-performance liquid chromatography (HPLC) (Shephard et al., 1996) which depends on
the use of advanced instrumentation. This method has limitations, as it is expensive and
requires trained technical staff to operate. In addition, the method does not give a rapid result
which makes it difficult to be applied on a routine basis outside laboratory (Sulyok ez al.,
2007). Simpler methods need to be developed which would be cheap, simple, quick and
accurate, where necessary could be confirmed more precisely by HPLC over a longer period
of time. If such a scheme could be developed and adopted as a general method of assessment,
it would be possible to develop a general data model that describes the occurrence and levels
of FB with respect to maize cultivars, climatic and seasonal effects and geographical location
of maize production (M.F. Dutton, Personal Communication).

The present study aims to determine the efficacy of different analytical methods such
as thin layer chromatography (TLC), VICAM immunoaffinity column / HPLC
(VICAMIAC/HPLC), VICAM immunoaffinity column / fluorometer
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(VICAMIAC/fluorometer), Ridascreen enzyme-linked immunosorbent assay (ELISA) and

lateral flow test strip in comparison to HPLC in the detection of FB in maize.

MATERIAL AND METHODS

All chemicals were of analytical grade. Solvents used for chromatography were HPLC
grade. Fumonisin B, FB,, FB, standards were purchased from PROMEC, MRC, South
Africa.

Sample material and preparation

Forty maize samples were randomly collected from several batches in two different
commercial feed companies in Kwazulu Natal, South Africa in 2010. A total of twenty maize
samples were collected from each of the feed company resulting to forty maize samples. The
operational capacities of the companies are similar necessitating the equal sample collection.
The collection source of maize for these companies covers all the provincial areas where
maize is grown in South Africa. Maize samples were dry and without visible mould.
Sampling was done randomly by taking samples from several locations in a batch and
thoroughly mixed to obtain about 1kg giving a total collection weight of 40kg. Mixed maize
samples were then milled using a clean, sterile commercial blender (Waring ®, Model 700G)
and packaged in sealed sterile plastic bags The samples were then placed in a cool dry box
and transported to Food, Environment and Health Research Group (FEHRG) laboratory,
University of Johannesburg, South Africa for further analysis.

Extraction and clean-up of maize

1) Extraction and clean-up procedure by SAX columns was performed as described by Bennett
and Richard (1994) with some modifications. Ten grams of finely ground maize sample was
mixed in 30 ml of acetonitrile / water (50/50, v/v) and placed on a mechanical shaker for 60
min. The extract was filtered through Whatman No 4 filter paper. Aliquots (2 ml) of each
extract was adjusted to pH between 5.9 and 6.5 with 1M acetic acid or 1M sodium hydroxide
where necessary and further diluted with 4 ml of methanol/water (70/30, v/v) before loading
onto a preconditioned [preconditioned with 5 ml methanol and washed with 5 ml

methanol/water (70/30, v/v)] SAX column at a flow rate of 1 ml/min, while allowing column
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not to dry out. The column was then washed with 5 ml methanol/water (70/30, v/v) and 5 ml
of methanol. Fumonisins were eluted with 5 ml methanol/acetic acid (99/1, v/v) at flow rate of
I ml/min and the eluate was evaporated to dryness at 50 °C with a stream of nitrogen gas and

stored at 4 °C for further analyses.

i1) Maize samples were also extracted and cleaned with VICAM immuno-affinity clean-up
according to VICAM instruction manual. Fifty grams of finely ground sample was mixed
with 5 g of non i1odized sodium chloride (NaCl) and 100 ml of methanol/water (80/20, v/v)
and blended at high speed for 5 min using Waring ® Model 700G Blender. The sample was
filtered through fluted filter paper and the extract (10 ml) was diluted with 40 ml phosphate
buffer saline (PBS) and passed through a microfibre filter. Ten millilitres of the diluted extract
was passed through the VICAM Fumonitest column and the column was washed with 10 ml
PBS. Fumonisin was eluted by passing 1.5 ml of methanol through the column at flow rate of
1 ml/min and the eluate was collected in a glass cuvette. The eluate was transferred into an

amber vial and dried under nitrogen gas at temperature of 50 °C.

Detection and quantification of fumonisins

i) Thin Layer Chromatography

Maize samples were screened for fumonisin using TLC plate (20 x 20 cm) precoated
with silica gel G. The dried extract from SAX column was re-dissolved with 200 pl of
methanol and 20 pl of aliquot or FB; standard (concentration: 20 pg/ml) was spotted on a
TLC plates, dried and a one and two-dimensional TLC was performed using
butanol/water/acetic acid (12/5/3, v/v/v) (BWA). Plate was dried and derivatised with
anisaldehyde reagent (70 ml CH;OH, 5 ml concentrated sulphuric acid (H,SO4), 10 ml glacial
acetic acid and 500 pl p-anisaldehyde (p- methoxy-benzaldehyde)) followed by heating for 1
min at 120 °C.

ii) High Performance Liquid Chromatography
Fumonisins (FB;, FB; and FB;) were quantified by HPLC according to Shephard et al.

(2000). Maize extracts from SAX column were reconstituted in 1 ml of methanol and 50 pl of

extract or standard (concentration: 5, 10, 20 ug/ml) were transferred into HPLC vial and
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derivatized with 250 pl o-phthaldialdehyde (OPA) (40 mg OPA in 1ml CH3;OH and diluted
with 5 ml 0.1 M sodium tetraborate (Na;B,04) and 50 pl mercapthoethanol). The mixture
(40ul) was injected into the HPLC at excitation and emission wavelengths of 335 and 440 nm,
respectively within a minute of preparation due to the instability of OPA. The mobile phase
(0.1 M sodium di-hydrogen phosphate/methanol (20/80, v/v) adjusted to pH 3.4) was run at a

flow rate of 1 ml/min.

iii) VICAM

The dried extracts from VICAM immuno-affinity column were re-dissolved in 200 pl
of HPLC grade methanol and quantified with HPLC and fluorometer method. The eluate for
the fluorometer was mixed with 1 ml of developer A and B mixture in a cuvette and placed in
a calibrated fluorometer (VICAM SERIES 4) to determine total fumonisins (FB;+FB,+FBj3)

concentration after 240 s.

iv) Enzyme linked immuno-sorbent assay (ELISA)

Maize samples were assayed using Ridascreen fumonisin kit according to Ridascreen
fumonisin manual. Briefly 5 g of each ground sample was mixed with 25 ml of 70%
methanol, shaked for 3 min and filtered. The filtrate was diluted with distilled water to a ratio
of 1/13, v/v and 50 pl of diluted extract was used for the analysis. Fifty microliter of the
standard solution or sample was added into the microwells and 50 pl enzyme conjugate and
50 pl anti-fumonisin antibody solution added. The mixture was mixed gently and incubated
for 30 min at room temperature. The mixture was poured out and the plates were washed three
times with 250 pl of distilled water followed by addition of 100 pl substrate/chromogen,
mixed and incubated for 15 min at room temperature in the dark. Thereafter 100 pl of stop
solution was added, mixed gently and the absorbance read within 10 min at wavelength of

450 nm.

v) Lateral flow test

Maize samples were analysed using ROSA mycotoxin test kit for fumonisin (Charm

Sciences INC, USA). Briefly 50 g of sample was mixed with 100 ml of 70% methanol and
shake for 2 min and filtered. The extract (100 ul) was diluted with 1 ml fumonisin dilution
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buffer. A second dilution was done by diluting 300 pl diluted extract with Iml fumonisin
dilution buffer and 300 pl of second diluted extract or standard was pipetted into the strip and
incubated for 10 min before removing the strip and read on ROSA-M reader within 2 min

after incubation.

Method validation

Validation of methods was done by determination of recovery rate and repeatability of
the methods. Recovery analysis was determined in triplicates using the different analytical
methods by spiking maize samples of known concentration with 50 pg/kg of FB standards
(FBi, FB; and FB3).

Statistical analysis

Results obtained were analysed using a one-way analysis of variance (ANOVA) to
derive mean values which were compared by significant difference (< 0.05) using all pairwise
multiple comparison procedures (HOLM-Sidak method). Additionally, a linear regression
analysis was performed between the results of VICAMIAC/fluorometer, VICAMIAC/HPLC,
ELISA and lateral flow method and HPLC. Data were graphically represented with SigmaPlot
and mean values were deemed to be significantly different if the level of probability was <

0.05.

RESULTS

All the maize samples analysed were positive for total fumonisins (FB;+FB,+FB3) on
the different methods, except for the TLC which is often used for qualitative analysis. The
HPLC analysis showed the occurrence of different ratios of fumonisins in the maize samples
ranging from 8 — 892 ppb, 31 — 143 ppb and 0 — 242 ppb for FB;, FB; and FBs, respectively
(Table 1 and Figure 1). The result revealed that FB;, FB, and FB3; occurrence were similar to
that reported by Ross et al. (1992) and Nelson et al. (1993). Fumonisin B; was significantly
different from FB, and FB; while a significant difference was also observed between FB, and
FB; in the commercial maize samples from South Africa (Table 1).

The data on TLC analysis demonstrates the occurrence of FB; at 45 % incident rate in

the maize samples (Figure 2). Data obtained on other methods used showed total FB
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concentration ranging between 64 to 1035 ppb (HPLC), 7 to 803 ppb (VICAMIAC/HPLC),
177 to 1097 ppb (VICAMIAC/fluorometer), while result of ELISA and lateral flow method
revealed much higher level of FB, 190 — 2450 ppb and 350 - 2700 ppb, respectively (Table 2).
Table 2 and 3 showed that HPLC, VICAMIAC/HPLC and VICAMIAC/fluorometer had
lower range and mean values of FB when compared to ELISA and Lateral flow method.
Furthermore, no significant difference was observed between HPLC, VICAMIAC/HPLC and
VICAMIAC/fluorometer on FB contamination. Significant difference was observed between
HPLC and ELISA and Lateral flow method.

Using a simple linear regression analyses to compare the results of different methods,
the highest correlation was observed between HPLC and lateral flow method with a
regression coefficient of 0.824 followed by the correlation between HPLC and
VICAMIAC/fluorometer method (regression coefficient = 0.764) while HPLC and
VICAMIAC/HPLC had a regression coefficient of 0.503 (Figure 3). However, result of
HPLC in comparison with result of ELISA gave a very low regression coefficient (r = 0.223)
when compared to other methods (Figure 3).

Furthermore, recovery values in triplicate were calculated to determine the accuracy of
the methods. It was observed that HPLC (97%), VICAMIAC/fluorometer (91%) and lateral
flow method (85%) gave the highest recovery rate when compared to VICAMIAC/HPLC
(72%) and ELISA (50%) methods.

Table 1 Fumonisins contamination in maize samples using HPLC

Fumonisin Sample (%) Ranges (ppb) Mean (ppb) Sig.

FB, 100 8 - 892 331 (£163) 0.000*
FB, 100 31-143 78 (£30) 0.000*
FBs 95 0-242 46 (+48) 0.000*

Values are average of 40 samples, * the mean difference is significant at < 0.05 level, Values in parathesis are

+standard deviation, sig. - significant difference
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Table 2 Comparative study of total fumonisins detection in South African commercial maize

with different analytical methods

Analytical methods % Incident Range (ppb) Mean (ppb)
HPLC 100 64-1035 455 (£201)
VICAMIAC/HPLC 100 69-907 338 (£201)
VICAMIAC/Fluorometer 100 177-1097 473 (£204)
ELISA 100 190-2450 1337 (£795)
Lateral flow method 100 350-2700 1050 (+485)

Mean values are average of 40 samples, Values in parathesis are tstandard deviation

a b
v TR
JFeieclar B A, S A ey L LT ST ad R -
"
= 7
-H:_
-.I.
E_
o] et
_ Eas
ek
= =
=
[ [——q‘k_—_h L ¥ o
LI LB LI ) T T T
1 k b 1k nd ol & £ 7t ¢ il rin
o

d

K AP O SV S UL ST PP s

Figure 1 Chromatogram of fumonisin on HPLC at 40 pul injection (a) fumonisin B, standard
(10 pg/ml), (b) fumonisin B, standard (10 pg/ml), (¢) fumonisin B; standard (10 pg/ml) and

(d) fumonisin B;, B, and Bs in maize
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Figure 2 One dimensional TLC silica plate showing FB, standard (A), uncontaminated

samples (B-E) and contaminated maize samples (F-K).

Table 3 Results of HPLC, VICAMIAC/HPLC, VICAMIAC/fluorometer, ELISA, lateral flow

method in South African commercial maize showing significant different

(a) Methods (b) Methods Sig.
HPLC VICAMIAC/HPLC 0.243
VICAMIAC/Fluorometer 0.850
ELISA 0.000*
Lateral flow 0.000*
VICAMIAC/HPLC HPLC 0.243
VICAMIAC/Fluorometer 0.175
ELISA 0.000*
Lateral flow 0.000*
VICAMIAC/Fluorometer HPLC 0.850
VICAMIAC/HPLC 0.175
ELISA 0.000*
Lateral flow 0.000*
ELISA HPLC 0.000*
VICAMIAC/HPLC 0.000*
VICAMIAC/Fluorometer 0.000*
Lateral flow 0.004*
Lateral flow HPLC 0.000*
VICAMIAC/HPLC 0.000*
VICAMIAC/Fluorometer 0.000*
ELISA 0.004*

Values are average of 40 samples, * the mean difference is significant at < 0.05 level, sig. - significant difference
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Figure 3 Linear regression curve (A) HPLC versus VICAMIAC/Fluorometer (r = 0.764), (B)
HPLC versus VICAMIAC/HPLC (r = 0.503), (C) HPLC versus ELISA (r = 0.223) and (D)
HPLC versus lateral flow method (r = 0.824)

DISCUSSION

The present study showed high contamination of South African commercial maize
with fumonisins (FB;, FB; and FBj;). Such studies on maize and maize-based products from
South Africa and other parts of the world have been reported (Sydenham ez al., 1990;
Rheeder et al., 1992; Shephard et al., 2000). Studies in South Africa have associated FB
contamination in maize with high incidence rate of human oesophageal and liver cancer
(Sydenham et al., 1991; Ueno et al., 1997). High contamination of maize with fumonisins
may be attributed to its susceptibility to the principal producers (F. verticillioides and F.
proliferatum) of these toxins (Sydenham ez al., 1990; Dutton, 1996). The TLC result showed
a lower incidence rate when compared to the other methods (HPLC, VICAMIAC/HPLC,
VICAMIAC/fluorometer, ELISA and lateral flow test). This may be attributed to higher
detection limit of TLC method (detection limit for FB on TLC: 0.5 mg/g) when compare with
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the other methods (Sydenham et al., 1990). In addition, the percentage variation of the results
between TLC and other methods may be attributed to poor sensitivity and precision of TLC
(Pascale and Visconti, 2008) which is often the reason why TLC is used as a preliminary
screening method to confirm the presence of FB; in samples while methods such as HPLC is
used to determine the levels of the toxin present in sample.

High performance liquid chromatography and VICAM methods (VICAMIAC/HPLC
and VICAMIAC/fluorometer) results showed no significant difference. This result is in
agreement with previously reported data by Meister (1999) using SAX cartridges and
immuno-affinity column on maize and maize products. Nilufer and Boyacioglu (2002) also
reported a similar correlation (r = 0.978) in their study between HPLC and fluorometer
method. However, there was a significant difference (P < 0.05) between HPLC, ELISA and
Lateral flow results in the present study. The ELISA and Lateral flow results showed high
fumonisins (FB;+FB,+FB3) contamination in maize samples when compared to HPLC.
Similar variation between HPLC and ELISA was reported by Pestka et al. (1994) and
Sydenham ez al. (1996). The high FB contamination of ELISA and Lateral flow methods
could be attributed to cross-reactivity with related mycotoxins as well as matrix interference
(Sydenham et al., 1996; Pascale and Visconti, 2008; Molinelli ez al., 2009) since sample
clean-up procedure was not inclusive in ELISA and lateral flow extraction methods.
Sharman and Gilbert (1991) reported the importance of immuno-affinity clean-up
procedure in aflatoxin analysis, which not only gave clean extracts but removed the
interfering substances and also ease aflatoxin determination. Furthermore, the extraction
solvent may also affect the performance of the immunoassay. Molinelli ez al. (2009) and
Anfossi et al. (2010) observed that the use of organic solvents such as aqueous methanol led
to co-extraction of fatty materials in the samples which may interfere in the assay. This factor
may have contributed to high levels of FB obtained in ELISA and Lateral flow method since
extraction solvent was methanol. In addition, it has been reported that some antibodies take
longer time to equilibrate and failure to attend to the equilibration stage may lead to variation
in the results (Meneely et al., 2011). This may have contributed to the variation observed
between the methods, HPLC, VICAM methods, ELISA and lateral flow method.

Another possible explanation for the low FB values in the maize samples on HPLC
and VICAM methods, as compared to ELISA and lateral flow methods could be due to the
limited capacity of the immuno-affinity columns. Immuno-affinity column has specific
capacity and in the case of highly contaminated samples, it may be saturated with the

antibody binding and this may lead to loss of some toxins resulting in lower concentrations in
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the samples (Shephard, 1998; Cigic and Prosen, 2009). Furthermore, Molinie et al. (2005)
reported recoveries rate as low as 54.4 % for FB which arose during the purification of the
samples through the immuno-affinity columns. They concluded that some unknown co-
extractants may have blocked the antibody sites thereby reducing the trapping efficiency for
FB.

There was high correlation between the HPLC and VICAM method. This may be
attributed to the clean-up procedure that was carried out on the extracts used for these
analyses. Recovery values were calculated in triplicates to determine the accuracy of the
method. HPLC gave the highest recovery rate followed with the VICAMIAC/fluorometer and
VICAMIAC/HPLC which may be attributed to the clean-up procedure which agrees with the
previous report on FB in animal feeds from South Africa (Mwanza, 2007). However, an
advantage of HPLC over fluorometer is that HPLC method gives the concentration of
individual FB (FBj, FB, and FBj) as seen in this study while VICAM/fluorometer gave the
total FB. On the other hand, HPLC and ELISA showed low correlation (r = 0.223). Further
analysis was done using ELISA on spiked samples to determine the percentage recovery and
the result obtained gave 50 % recovery. The low recovery in this study is not in agreement
with the previous study by Ueno ef al. (1997). The variation may be attributed to the method
of analysis used in their work. On the other hand, the linear regression analysis between
HPLC and lateral flow method yielded a good correlation. Such correlation has been reported
between LC-MS/MS and lateral flow method for FB detection in raw maize and maize
products (Anfossi ef al., 2010). Furthermore, a study by Molinelli ez al. (2009) reported the
recovery efficacy on lateral flow method similar to what was observed in this study (85 %).
The authors determined the extraction efficiencies wusing different solvent ratio,
methanol/water (60:40, 70:30, 80:20, v/v) on lateral flow assay. The recoveries of the assay
ranged from 79.8 - 80.3 % and were further confirmed by LC-MS/MS method.

Pascale and Visconti (2008) reported that ELISA and lateral flow method are easy
methods of analyses with inexpensive equipment, simple sample preparation, easy to used
and rapid and can be used in the field for easy monitoring. On the other hand, the VICAM
methods requires clean up procedure and derivatization, need for expensive equipments such
as HPLC or fluorometer for quantification of the mycotoxin and specialist expertise. Due to
the high values (almost double the results of HPLC and the VICAM method) of the result
obtained from ELISA and lateral flow method in the present study, it can be concluded that
these methods (ELISA and lateral flow method) are better used as screening method

considering their rapid, easy application and require no expert to operate. However an
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immunoaffinity column clean-up step may be incorporated in the extraction procedure of
ELISA and Lateral flow method to eliminate matrix interference, and give more reliable and

accurate result compare to HPLC.
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