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Abstract — The objective of this work was to standardize and validate an indirect competitive enzyme-linked
immunosorbent assay (ic-Elisa), as a low-cost tool, to monitor the presence of aflatoxin in common and blanched
peanuts (Arachis hypogaea) in the production chain. The presence of aflatoxin Bl, moisture content, and water
activity were analyzed in 60 samples of the peanut cultivar Runner IAC 886, from the 2014/2015 and 2015/2016
harvests of the region of Alta Paulista, in the state of Sdo Paulo, Brazil. The validation showed an adequate
linearity (R?=0.999), and limits of detection and quantification of 1.13 and 3.59 pg kg™!, respectively. Recovery
rates of 104, 102, and 107% at the concentrations of 4, 10, and 20 pg kg aflatoxin BI, respectively, were also
recorded. The ic-Elisa showed a good reproducibility with a high-intraday precision, with 1.87% coefficient of
variation (CV), and interday precision with 6.75% CV. The moisture content ranged from 4.0 to 7.2% (mean
of 5.8%), and the water activity from 0.4848 to 0.6997 (mean of 0.5990) for the tested samples. Aflatoxin B,
was present in concentrations ranging from 1.13 to 29.2 pg kg, with only two samples (3.3%) exceeding the
maximum allowed limit of 20 ug kg'. The ic-ELISA developed here is an accessible tool for the rapid monitoring
of aflatoxin contamination in the peanut production chain.

Index terms: Aspergillus, aflatoxin B,, blanched peanuts, contamination, mycotoxin.

Desenvolvimento de ic-Elisa para o rastreio da contaminagao
por aflatoxinas na cadeia de produgao de amendoim

Resumo — O objetivo deste trabalho foi padronizar e validar um imunoensaio enzimatico indireto competitivo
(ic-Elisa), como ferramenta de baixo custo, para monitorar a presenga de aflatoxina em amendoim comum
(Arachis hypogaea) e “branqueado”, na cadeia de produgéo. A presenga de aflatoxina By, o teor de umidade
e a atividade de 4gua foram analisados em 60 amostras da cultivar de amendoim Runner IAC 886, das safras
2014/2015 ¢ 2015/2016 da regido da Alta Paulista, no Estado de Sao Paulo. A validacao apresentou linearidade
adequada (R?=0,999) ¢ limite de detec¢do e quantificacdo de 1,13 e 3,59 pg kg, respectivamente. Taxas de
recuperacdo de 104, 102 e 107% para as concentragdes de 4, 10 e 20 pg kg' de aflatoxina B, respectivamente,
também foram registradas. O ic-Elisa mostrou boa repetibilidade, com alta precisao intradia com 1,87% de
coeficiente de varia¢ao (CV), e de precisao interdia com 6,75% de CV. O teor de umidade variou de 4,0 a 7,2%
(média de 5,8 %), ¢ a atividade de agua, de 0,4848 a 0,6997 (média de 0,5990), para as amostras testadas.
A aflatoxina B, esteve presente em concentragdes que variaram entre 1,13 e 29,2 pg kg', com apenas duas
amostras (3,3%) que excederam o limite maximo permitido de 20 pg kg'. O ic-Elisa desenvolvido aqui é uma
ferramenta acessivel para o monitoramento rapido da contaminagdo por aflatoxinas na cadeia produtiva de
amendoim.

Termos para indexacdo: Aspergillus, aflatoxina B,, amendoim “branqueado”, contaminac¢ao, micotoxina.

Introduction 0.8% estimated for the 2016/2017 harvest. The state of
o _ . Sao Paulo is the largest producer of peanut, accounting
Brazil is the third largest producer of peanuts in  for approximately 90% of the total national production

the Americas, producing 406.1 thousand tonnes in the  (Acompanhamento..., 2017). The regions of Alta
2015/2016 harvest (USDA, 2016), with an increase of = Mogiana and Alta Paulista are also of importance
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for peanut production, from where 80% of the
production is exported to European countries, while
the rest is used by food industries that produce sweets
(Acompanhamento..., 2017).

Aflatoxins are one of the main problems associated
with peanut production, which can compromise grain
quality and depreciate its commercial value. They
are toxic secondary metabolites produced by the
fungi belonging to the genus Aspergillus, especially
by A. flavus, A. parasiticus, and A. nomius (Kensler
et al.,, 2011). The aflatoxins — AFBI1, AFB2, AFGI,
and AFG2 — are commonly identified from peanut
samples (Pitt & Hocking, 2009). The International
Agency for Research on Cancer classified the aflatoxin
B1 in Group 1, indicating its carcinogenic nature in
humans (Aflatoxins, 2002). Structurally, aflatoxins are
bisfurans, with dihydrofurans (AFB1 and AFGI) or
tetrahydrofurans (AFB2 and AFG2) rings attached to
a substituted coumarin, and are synthesized through
the polyketide synthesis pathway. The synthesis begins
with the conversion of acetate and malonyl CoA
into a hexanoyl starter unit, which in turn forms the
norsolorinic acid precursor form, followed by sequential
enzymatic reactions resulting in the formation of
different aflatoxin analogues (Crawford et al., 2009).

Owing to the highly toxic nature of aflatoxin, its
contamination in food products is strictly controlled with
amaximum allowed limit for different foods worldwide.
The European Union established the maximum allowed
limit for aflatoxin in peanut, in the Commission
Regulation (EC) no. 1881/2006, as 15 pg kg for total
aflatoxin (AFB, + AFB, + AFG, + AFG,), and 8§ g
kg! for AFB,, for sorting or physical treatment, prior
to human consumption (European Union, 2006a). In
Brazil, RDC no. 07 of the national health surveillance
agency (Agéncia Nacional de Vigilancia Sanitaria,
Anvisa-MS) established 20 pug kg! as the maximum
allowed limit for total aflatoxin (Anvisa, 2011).

As concern about contamination remains alarming
for Brazilian peanuts with aflatoxin, new, collaborative
studies for the evaluation of new methodologies to
identify aflatoxin contamination are essential for the
reliable detection of these mycotoxins (Trucksess et
al., 1991; Rodriguez-Amaya & Sabino, 2002; Martins
et al., 2017).

Liquid chromatography (HPLC) coupled with
a UV detector, a fluorescence detector, or a mass
spectrometer as detector is the standard method used
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for aflatoxin quantification due to its robustness and
sensitivity (Turner et al., 2009). However, the analysis
should be preceded by an extensive extraction, sample
cleaning-up, and analyte concentration procedures that
extend the analysis time. In addition, this methodology
requires an expensive equipment, highly pure
reagents, and technical expertise. These factors limit
the application of this methodology for in situ and on-
field analysis of aflatoxin contamination. Therefore,
the agroindustry encourages the search for alternative
techniques for aflatoxin detection (Kolosova et al.,
2006; Ono et al., 2016).

Immunochemistry-based analytical methods do
not require an expensive instrumentation, and it
allows simultaneous analysis of numerous samples
without the need for an extensive clean-up steps in-
between, and it uses reagents which are harmless to
the environment. Hence these methods are an excellent
alternative for the routine rapid diagnosis from
nanogram (ng) to picogram (pg) detection range (Li et
al., 2009). The enzyme-linked immunosorbent assay
(Elisa) stand-out as a promising rapid, sensitive, and
specific alternative for a simple screening method for
the analysis of aflatoxin in peanuts. The development
of a monoclonal antibody-based (mAb) Elisa and the
use of commercial analytical kits for the detection
of aflatoxin from various food matrices have been
reported earlier (Kawamura et al., 1988; Liu et al,,
2013; Oplatowska-Stachowiak et al., 2016).

The anti-aflatoxin monoclonal antibody (mAb)
provides unrestricted possibilities for the development
of quantitative or semiquantitative assays such as
Elisa intended for monitoring aflatoxins in food
products. These immunochemistry-based methods
employing mAb offer high-sensitivity and adequate
limits of detection/quantification, in comparison with
HPLC-based methods, and can be applied to different
agricultural raw materials to detect the presence of
toxins (Hirooka et al., 2015).

The objective of this work was to standardize and
validate an ic-Elisa, as a low-cost tool, to monitor the
presence of aflatoxin in common and blanched peanuts
in the production chain.

Materials and Methods

The samples were collected from 60 peanut (Arachis
hypogaea L.) batches of the cultivar Runner IAC 886,
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from the 2014/2015 and 2015/2016 harvests, and were
provided by a processing industry from the municipality
of Marilia, in the state of Sdo Paulo, Brazil. From
these, 42 samples were of common peanut (12 batches
from the 2014/2015 harvest and 30 batches from the
2015/2016 harvest) and 18 samples of blanched peanut
(6 batches from the 2014/2015 harvest and 12 batches
from the 2015/2016 harvest), which were produced in
five municipalities (lacri, Herculandia, Tupa, Marilia,
and Queiroz), from the region of Alta Paulista, in the
state of Sao Paulo.

The sampling plan adopted for aflatoxin analysis
in peanut was adapted from the resolution of the
collegiate board of directors, RDC no. 274/2002, of
Agéncia Nacional de Vigilancia Sanitaria (Anvisa,
2002), by increasing the number of increments and
the frequency of sampling. Each sample represented
a target batch of 5 Mg, comprising 100 bags of 50 kg
each. The global sampling was performed manually
for every 100 bags, during the delivery of that batch to
the industry. Five increments were collected from each
bag at different points, through drilling at the ends
and center of bags, totaling about 100 g of samples per
bag. The samples from 500 increments were mixed to
form a global sample of 10 kg; these samples were then
completely ground in a mill to reduce them to an 18-
mesh particle size, and homogenized for 5 min using
a Y-type mixer with a capacity of 30 kg. A working
sample of approximately 200 g was withdrawn from
this homogenate, identified according to batch, origin,
and receipt date, then packed in a polypropylene
packaging, and stored at -18°C for further analysis.

The moisture content of the peanut samples was
determined at 105°C in triplicates, in an NV 1.5
chamber (Nevoni, SP, Brazil) until the obtention of
constant mass (Zenebon et al., 2008). Water activity
(wa) was determined in triplicate using a 4TE
water activity meter, following the manufacturer’s
instructions (Aqualab, Decagon Devices, Inc.,
Pullman, WA, USA). Elisa was performed with mAb
produced in vitro by the hybridoma strain AF4, which
was specific to AFB; (isotype IgG; lambda) with very
low cross-reactivity to other analogues: 2.3% AFB,,
3.4% AFG;, and 2.4% AFG, (Kawamura et al., 1988).

The extraction of aflatoxin for ic-Elisa was carried
out using 4 g of ground peanut (18-mesh particle
size). The sample was mixed with 0.4 g NaCl in 20
mL HPLC grade methanol:H,O (70:30, v/v) and it

was agitated for 10 min at 150 rpm. The mixture was
sonicated for 3 min, and the extract was filtered first
through a qualitative filter, and then through a 45 pm
glass membrane (Macherey-Nagel, Diiren, Germany).
The filtrate (500 pL) was dried at 40°C under nitrogen
stream, resuspended in 500 pL of sodium phosphate
buffer containing 0.05% Tween 20 (PBST):methanol
(9:1, v/v), and the same diluent was used to prepare
further dilutions.

The ic-Elisa was performed using polystyrene
microplates (Corning, New York, NY, USA), sensitized
with 50 pL of AFB;-BSA (bovine serum albumin)
(250 ng mL" in 0.015 mol L' PBS buffer pH 7.3) and
incubated at 4°C for 18 hours. After three washes
with PBST (PBS + 0.05% Tween 20), the plates were
blocked with 150 pL of 0.1% BSA in PBS and incubated
at 25°C for 1 hour, to minimize nonspecific binding.
After three washes with PBST, 50 pL of AFB, standard
(0.1-5.0ngmL") (Aqualab, Decagon Devices, Pullman,
WA, USA), or the 5-fold diluted peanut sample was
added to the wells, followed by the addition of 50 pL
anti-AFB; mADb (1:30,000, 4.9x10® mg mL) (Aqualab,
Decagon Devices, Inc., Pullman, WA, USA) in PBS
were added, and the reaction was carried out at 25°C
for 1 hour in triplicate. After six washes with PBST
to remove unbound antibodies, 100 pL chromogen
substrate TMB/H,O, (3,3’,5,5’-tetramethylbenzidine/
hydrogen peroxide) were added and incubated for 20
min at 25°C. The enzymatic reaction was stopped
by the addition of 50 puL of 1 mol L' H,SO, to
each well, and the absorbance was read at 450 nm,
using a ELX800 ELISA microplate reader (BioTek
Instruments, Winooski, VT, USA).

The absorbance average was calculated
from the individual values obtained and the
results were expressed as linking percentage:

linking % = (A"/A") x 100, in which A* corresponds to an
average of absorbance of the sample or AFB; standard,
and A" corresponds to an average of absorbance of
the reaction mixture without AFB, (50 pL of 0.015
mol L' PBS buffer pH 7.3 + 50 uL anti-AFB, mAb).
The AFB, concentration was determined from the
standard curve prepared with AFB, diluted in 9:1 (v/v)
PBST:methanol, in which the linking percentage was
plotted against the log of AFB, concentration. The
negative control (50 uL of 0.015 mol L' PBS buffer pH
7.3 without mAb) was used in each plate, to identify
the nonspecific color reaction, if any.
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Intralaboratorial validation of the method was based
on the following parameters: linearity, limit of detection
(LOD), limit of quantification (LOQ), specificity,
accuracy, precision, and robustness (European Union,
2006b; Inmetro, 2007). The AFB, standard curve at a
range of 0.1 to 5 ng mL"' was prepared with a stock
solution (50 ng mL™") using PBST:methanol (9:1, v/v)
as diluent. The linearity was evaluated by linear
regression and coefficient of determination (R?), using
five points of the standard curve (Inmetro, 2007).
The limit of detection (LOD) was determined by
calculating the blank average (50 uL of 0.015 mol L
PBS buffer pH 7.3 + 50 puL anti-AFB, mAb) subtracted
from the 3.143-fold standard deviation obtained from
seven replicates, whereas the limit of quantification
(LOQ) was calculated by blank average subtracted
from the five-fold standard deviation obtained from
seven replicates (Inmetro, 2007).

The specificity was determined by evaluating the
peanut matrix interference in aflatoxin detection. The
standard curves, prepared in presence of the matrix
(matrix) and in absence of the matrix (nonmatrix),
were compared. Extracts obtained from the matrix
were diluted 2, 5 and 7-fold each in PBST:methanol
(9:1, v/v), and the interference was assayed. Then the
matrix standard curve (0.1, 0.2, 0.5, 1.5, and 5.0 ng
mL"' AFB,) was prepared with the extract diluted to the
previously determined dilution factor (five-fold), and
compared with the reference standard curve prepared
with PBST:methanol (9:1, v/v).The mean values for the
reference curve and the matrix curve were compared by
the Student’s t-test, as well as by the analysis of standard
deviations. Accuracy was evaluated by assaying the
recovery of aflatoxin, that is, by spiking three different
concentrations of AFB, (artificial contamination) into a
pool of peanut samples in linear range (4.0, 10.0, and
20.0 ug kg') in triplicate. Such a pool was prepared by
homogenizing 15 peanut samples of 7.0 g each (AFB,
level <LOD by ic-Elisa). The precision was evaluated
by determining the repeatability of the assay on the
same day, when recovery of three concentrations was
analyzed in seven replicates; and the intermediate
precision was evaluated by measuring the recovery
of three concentrations in seven replicates on three
different days. The robustness of the assay was assessed
by allowing different analysts to perform the analysis,
varying the time for plate sensitization with AFB;-BSA
(18 and 24 hours), and using pipettes of different brands
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forpreparation of anti-AFB, and anti-IgG-HR P solutions.
The time of plate sensitization with AFB,-BSA has been
considered as the most critical factor among the tested
parameters. The efficiency of immunoassay depends
on the antigen immobilization on plate surface, which
allows of the competition with antigen (mycotoxin in
the sample for binding with anti-AFB; mAb.

The parametric data generated from the validation
assays of ic-Elisa was evaluated by analysis of
variance, followed by Tukey’s test, at 5% probability,
and the statistical analyses were carried out using the
software Statistica, version 10 (Dell Statistica, Tulsa,
OK, USA).

Results and Discussion

The evaluation of matrix interference is essential
in the analysis of mycotoxins by ic-Elisa, as the
complexity of the intrinsic macro- and micronutrient
compounds present in food could lead to a false
positive reaction. Such matrices directly interfere with
the analyte (antigen)—antibody interaction (Lee et al.,
2004). This undesired interference can be minimized
by simple sample dilution, or by including adequate
cleaning-up steps prior to the analysis. However, the
dependence on expensive imported commercial Kkits
discourages the constant repetitive analysis of the
same sample or its dilutions in the field of agroindustry
(Ono et al., 2004; Hirooka et al., 2015).

The specificity of ic-Elisa and its improvement
with respect to matrix interference was evaluated by
analyzing noncontaminated peanut samples at two,
five, and seven-fold dilutions. Figure 1 shows that
both five and seven-fold dilutions reduced the matrix
interference, with average values of 11.6%=3.50,
with coefficient of wvariation (CV) of 3.32%, and
11.2%=+2.85, with CV of 3.92%, respectively, which
differ significantly from the values of two-fold dilution.
Therefore the 5-fold dilution was chosen for further
analysis, as its coefficient of variation falls within the
value specified in European guidelines, and it also
ensured a good recovery, that is, on average 103%
recovery was observed when 10 ng g' AFB, was used
to spike the peanut samples. The recovery percentage
observed was within the acceptable range of 70—110%,
according to the European Community guidelines
(European Union, 2006b).
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Standard curves were developed with nonmatrized
as well as matrized peanut extracts at 5-fold dilution,
to minimize the interference (Figure 2). Comparing
the deviations shown in both the standard curves (0.1
to 5.0 ng mL' AFB,)), an overlap of deviations could
be observed for every data point in the curve. The
similarity shown by analysis of averages, through the
Student’s test, proved that there was no significant
difference (p>0.5). Therefore, the nonmatrix standard
curve was used as the basis for calculation, after the
subtraction of the matrix interference (11.6%). The
linearity of R?=0.9993 observed was in accordance
with the minimum acceptable value of R*=0.999
according to Inmetro (2007).

The limit of detection (LOD) and the limit of
quantitation (LOQ) for aflatoxin by ic-Elisa were
identified to be 0.045 ng mL™" (1.13 pg kg') and 0.143
ng mL" (3.59 pg kg, respectively. These values are
in accordance with the Brazilian guidelines (20 pg kg™
of total aflatoxin in peanut), as well as the European
guidelines (8 pg kg' in peanut to be subjected to
sorting or to other physical treatment, before human
consumption). The LOD obtained in the present study
was better than that reported by Lipigorngoson et al.
(2003) for a monoclonal antibody-based dc-Elisa for
AFB, in corn and peanut. These authors reported an

30 - b

25 -
g 20 A
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g 15 - a
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2X 5X 7X

Matrix dilutions

Figure 1. Effect of matrix dilution on the reduction of the
interference in the determination of AFB, by ic-ELISA in
peanut (Arachis hypogaea) samples. Results expressed as
0% mean interference, n=7. Significant difference between
a and b, by one-way analysis of variance, at 5% probability.

LOD of 4.0 pg kg' with a recovery rate of 88.1 and
99.5%, respectively.

The recovery rate of AFB; to evaluate the accuracy
of the method is depicted in Table 1. The recovery
rates in peanuts spiked with 4, 10, and 20 pg kg!' AFB;
ranged from 97.5 to 108.7%, 93.5 to 109%, and 106.5 to
108%, respectively. The recovery rate obtained for the
tested concentrations were within the recommended
values of the European Community, that is, within 70
to 110% for a contamination range of 1 to 10 ug kg,
and 80 to 110% for levels above 10 ug kg' (European
Union, 2006b). Asis et al. (2002) reported a recovery
rate of 107%, and a correlation of 0.977 with the HPLC
method for an ic-Elisa developed for quantification of
AFB; in peanut butter. Subsequently, Li et al. (2009)
also reported a recovery rate ranging from 97 to 102%,

100 ~ ¢ Non-matrix standard curve
y=-14.18In(x) + 48.116
R>=10.9993

80 1 ;
S 60 -
on
k=
E
A 40 A

© Standard matrix curve
20 4 y= - 14.36In(x) + 46.296
R*=0.9985
0 T T 1
0.01 0.1 1 10

Aflatoxin B, (ng mL")

Figure 2. Analysis of deviations in the standard curve for
AFB, determination in peanut (Arachis hypogaea) samples,
in the presence and absence of matrix. Data points represent
the mean percentage values from three standard curves
performed in triplicates in different days. The error bars
represent the standard deviation.

Table 1. Recovery of AFB, in peanut (Arachis hypogaea)
samples by ic-Elisa.

AFB,added Mean+SD®" CcvV Recovery Reference

(ug kg (ngkg") (%) (%) values® (%)
4 4.1£0.20 49 104.4 70 to 110%
10 10.1+0.81 7.9 101.7 70 to 110%
20 21.5+0.16 0.7 107.7 80 to 110%

(MResults expressed in mean+standard deviation (SD) of three replicates,
analyzed in seven replicates. ®Regulation (EC) no. 401/2006 (European
Union, 2006b).
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when peanuts spiked with 0.1 to 0.2 pg kg' AFB, were
analyzed by immunoassay.

The precision was analyzed by evaluating the
repeatability and the intermediate precision using
three AFB, levels in peanut (4, 10, and 20 pug kg™).
Both parameters showed a coefficient of variation
lower than 15% for every tested level, with an average
variation of 1.87% for the repeatability, and 6.75% for
the intermediate precision, as recommended by the
Brazilian guidelines (Anvisa, 2003), indicating a small
variation between the intra- and interday data.

The robustness was evaluated by changing the
operator to generate a standard curve. The CV values
were obtained by analyzing five toxin concentrations
from 0.1 to 5.0 ng mL"! in triplicates on seven different
days. The low CV of 4 to 13% indicated a low variation
after changing the analyst. Similarly, the time duration
for plate sensitization with AFB;-BSA, as well as the
use of pipettes of different brands to prepare the anti-
AFB,; and anti-IlgG-HRP showed a low CV, assuring
an adequate repeatability. To summarize, the ic-Elisa
showed enough robustness concerning the three tested
variables, and it enabled an approximate 160-fold cost
reduction when compared with expensive imported
kits.

The detected aflatoxin levels, in the 60 batches
of peanut analyzed by this ic-Elisa, are summarized
in Table 2. Considering the critical importance of

moisture and water activity in aflatoxin production,
in the peanut production chain, these parameters were
also analyzed for the same 60 samples (Table 3).

Humidity ranged from 5.30 to 6.78% (common)
and from 4.0 and 7.28% (blanched). The harvest did
not affect the moisture content in blanched peanut
Runner TAC 886 cultivar and showed an average of
5.78%+0.18 and 5.49%+0.20 for 2014/15 (n=6) and
2015/2016 (n=12) harvests, respectively. However,
there was a difference in the moisture content of the
common peanut with respect to the harvest, with
6.37%+0.10 and 5.88%=+0.20 for 2014/2015 (n=12)
and 2015/2016 (n=30) harvests, respectively (p<0.05).
These samples met the maximum limit criteria of 8.0%
humidity allowed for shelled peanuts, as established
by the Resolution RDC No 274 of Anvisa (2002). The
maximum moisture in nonshelled peanut should be
7.0%, under a relative humidity of 70% at 25-27°C, for
approximately one-year storage (Waliyar et al., 2008).

Batches of blanched peanut showed 5.59% humidity,
that is, lower than the 6.02% detected for untreated
peanut (p<0.05). Such lower moisture content in
blanched peanut batches, in comparison with untreated
peanut, can be attributed to the thermal processing
employed in blanching to remove peanut skin at
85-90°C for 30—45 min (Schirack et al., 2006).

The values for aw ranged from 0.4848 to 0.6939
(average of 0.5861+0.004) in blanched peanut, and

Table 2. Measurement of aflatoxin in the common and blanched peanuts Runner IAC 886 (Arachis hypogaea) cultivar from
the Alta Paulista region, in the state of Sao Paulo, Brazil, in the 2014/2015 and 2015/2016 harvests®.

Common peanut — 2014/2015 harvest

Sample number 1 3 4 6 7 8 9 10 11 12 13 14
Aflatoxin (ng kg™) 6.98 11.0 17.13 <LOQ <LOQ <LOQ <LOQ 11.78 8.50 <LOQ 5.41 7.22
Blanched peanut —2014/2015 harvest
Sample number 2 5 15 16 17 19 -
Aflatoxin (ng kg™) 12.23 9.83 <LOQ <LOQ <LOQ 4.88 -
Common peanut — 2015/2016 harvest
Sample number 18 21 22 23 24 25 26 28 31 32 35 36
Aflatoxin (pg kg) 8.39 766  <LOQ  4.57 422 531 651 <LOQ <LOQ <LOQ 256 159
Sample number 37 38 39 41 42 43 44 45 46 48 50 51
Aflatoxin (ng kg™) 12.6 <LOQ <LOQ 16.6 7.44 5.64 18.11 <LOQ 7.76 6.26 <LOQ <LOQ
Sample number 52 56 57 58 59 60
Aflatoxin (ng kg™) 3.75 5.70 <LOQ 8.62 29.26 <LOQ
Blanched peanut —2015/2016 harvest
Sample number 20 27 29 30 33 34 40 47 49 53 54 55
Aflatoxin (ng kg™) <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 4.11 <LOQ <LOQ <LOQ 3.85 <LOQ

(DLOD, limit of detection = 1.13 pg kg''; and LOQ), limit of quantification = 3.59 pg kg
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from 0.5013 to 0.6998 (average of 0.6045%0.005)
in untreated batches (average value considers both
the 2014/2015 and 2015/2016 harvests). There was
no difference in the average aw values concerning
harvest in blanched peanuts. However, there was a
difference in untreated batches, which showed an
average value of 0.6439+0.0052 for the 2014/2015
harvest, in comparison with 0.5888+0.0031 for the
2015/2016 harvest (Table 3). The aw in both untreated
and blanched peanut were within the safe range,
considering the minimum aw to support 4. flavus
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growth (0.78 to 0.80), and for aflatoxin production
(0.82) (Pitt & Hocking, 2009). Zorzete et al. (2013) also
reported similar data with aw from 0.45 to 0.62, in a
monthly analysis involving 35 samples of the Runner
IAC 886 and 35 samples of Caiapd peanuts cultivars
for six months.

Although aflatoxin was detected in 83.3% (n=50)
of peanut batches, with 577 ug kg!' (range, 1.13
to 29.2 ug kg'), only two samples (3.3%) showed
contamination level higher than 20 ug kg (Table 2), as
established by Brazilian guidelines (Anvisa, 2011). As

Table 3. Moisture content and water activity in the common and blanched peanuts Runner IAC 886 (Arachis hypogaea)
cultivar from the state of Sdo Paulo, Brazil, in the 2014/2015 and 2015/2016 harvests.

Common peanut — 2014/2015 harvest Mean®
Sample number 1 3 4 6 7 8 9 10 11 12 13 14 +SD
Humidity 6.21 6.36 6.78 6.27 6.17 6.25 6.20 6.65 6.11 6.57 6.67 6.25 6.37
+SD +0.05 +0.12 +0.24 +0.06 +0.04 +0.12 +0.05 +0.16 +0.09 +0.06 +0.08 +0.09 +0.10a
Water activity 0.6226 0.6445 0.6238 0.6805 0.6391 0.6216 0.6294 0.6272 0.6193 0.6779 0.6610 0.6795 0.6439
+SD +0.003 +0.002 +0.002 +0.041 +0.001 +0.001 +0.001 +0.001 +0.003 +0.003 +0.001 +0.003  +0.0052A
Blanched peanut —2014/2015 harvest
Sample number 2 5 15 16 17 19 - - - - - -
Humidity 5.63 5.36 7.28 4.89 5.40 6.11 - - - - - - 5.78
+SD +0.12 +0.17 +0.54 +0.08 +0.02 +0.26 +0.18¢
Water activity 0.5792 0.6096 0.6939 0.5654 0.5914 0.5873 - - - - - - 0.6045
+SD +0.003 +0.014 +0.005 +0.003 +0.001 +0.011 +0.0047C
Common peanut — 2015/2016 harvest
Sample number 18 21 22 23 24 25 26 28 31 32 35 36
Humidity 5.76 6.14 6.07 6.06 6.09 6.52 6.00 5.30 6.10 6.49 6.13 5.98 -
+SD +0.19 +0.040 +0.01 +0.23 +0.07 +0.39 +0.41 +0.23 +0.25 +0.42 +0.09 +0.26
Water activity 0.5725 0.6589 0.5693 0.5454 0.6676 0.5325 0.6410 0.5555 0.5165 0.5679 0.5013 0.6232 -
+SD +0.011 +0.003 +0.003 +0.004 +0.004 +0.004 +0.004 +0.010 +0.002 +0.004 +0.002 +0.011
_Sample_number 37 38 39 41 42 43 44 45 46 48 50 51 o o
Humidity 5.76 5.76 5.76 5.76 5.76 5.76 5.76 5.76 5.76 5.76 5.76 5.76 -
+SD +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.19
Water activity 0.5496 0.5427 0.5237 0.5138 0.5540 0.5465 0.5558 0.6997 0.6013 0.6056 0.6280 0.6322 -
+SD +0.007 +0.003 +0.005 +0.001 +0.001 +0.002 +0.004 +0.003 +0.003 +0.001 +0.001 +0.001
_Samplcmmbcr 52 56 57 58 59 60 - - - - - - o
Humidity 5.76 5.76 5.76 5.76 5.76 5.76 - - - - - - 5.88
+SD +0.19 +0.19 +0.19 +0.19 +0.19 +0.19 +0.20b
Water activity 0.6322 0.6046 0.6167 0.6073 0.6328 0.6650 - - - - - - 0.5888
+SD +0.001 +0.001 +0.012 +0.004 +0.007 +0.001 .0031B
Blanched peanuts — 2015/2016 harvest
Sample number 20 27 29 30 33 34 40 47 49 53 54 55
Humidity 4.41 5.90 4.46 4.03 4.93 5.81 5.57 5.94 5.40 6.70 6.44 6.28 5.49
+SD +0.06 +0.32 +0.18 +0.02 +0.11 +0.04 +0.05 +0.07 +0.29 +0.68 +0.28 +0.26 +0.20c
Water activity 0.5036 0.5690 0.4848 0.4899 0.5679 0.5669 0.5696 0.6910 0.6256 0.6415 0.5942 0.6183 0.5769
+SD +0.007 +0.001 +0.004 +0.011 +0.004 +0.006 +0.003 +0.001 +0.001 +0.002 +0.002 +0.001  +0.0031C

(OMeans followed by equal letters, lowercase for humidity and uppercase for water activity in the column mean, do not differ by Tukey’s test, at 5%

probability.
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to the European guidelines, 76% (n=46) of the samples
were within the maximum allowed limit of 8 pg kg
established for peanut to be subjected to sorting or
other physical treatment, before human consumption
(European Union, 2006a).

The presence of aflatoxin in peanut, detected in the
present study (Table 2), was lower than that reported in
a previous study, with 60 samples of Runner IAC 886
peanut cultivar, in the municipality of Tupa, in the state
of Sao Paulo, Brazil (Nakai et al., 2008). These authors
have detected AFB, in 33.3% samples (n=20, 7.0-116
pg kg'), and AFB, in 28.3% samples (n=17, 3.3-45.5
ug kg'); however, 17 (28.3%) samples exceeded the
maximum allowed limit of 20 ug kg'. Martins et al.
(2017) tracked aflatoxins in peanut production chain,
and detected positivity in eight samples collected
during the drying, blanching, and classification stages,
out which four samples showed a contamination level
over the limit established by European and Brazilian
guidelines. The highest total aflatoxin contamination
(100.91 pg kg') was observed from nuts in the drying
stage.

The aflatoxin level in blanched peanuts (average
of 3.31 ug kg'; range of 1.13-12.2 pg kg') was lower
than that detected in untreated batches (average of 6.83
ug kg'!; range of 1.13-29.2 ug kg') (Table 2), showing
a significant difference between the two groups.
Additionally, the moisture content (5.59%) and water
activity (0.5855) of blanched peanuts were lower than
those of untreated peanuts. The difference detected
in the aflatoxin level of blanched peanuts is probably
associated with the blanching process itself. Following
the blanching and removal of the skin of peanut, an
electronic selection based on color features is applied
routinely, which can remove the nuts damaged by
fungal growth on their surface; such procedure can
reduce the level of aflatoxin in the final product (Pitt et
al.,2012). However, the low water activity resulted from
the blanching-heat treatment could probably reduce
the amount of viable fungi, which would essentially
prevent the aflatoxin production. Further maintenance
in adequate storage conditions would ensure the safety
of these products.

Conclusions

1. The ic-Elisa method, developed using mAb
with high reactivity against AFB,, shows sensitivity,
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accuracy, and robustness, for its application as a tool
for rapid screening of aflatoxin in the peanut (4rachis
hypogaea) production chain.

2. The accessibility of this ic-Elisa conciliates
with a cost reduction of approximately 160-fold, in
comparison with the currently available commercial
kits.
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