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Abstract

The peanut kernel intended for direct human consumption, while this has a high nutritional value, is very likely to
be altered at different production stages. Thereby, fungal presence in grains decreases its quality as food and can
produce mycotoxins, causing that grains be unfit for consumption. The purpose of this study was to evaluate the
implementation degree in those handling practices which contribute to reducing fungal incidence and its
consequent aflatoxins production in peanut kernels. Five representative samples of peanut kernels were
evaluated. All these of direct consumption at three areas the central zone from Cordoba Province (Argentina).
Variables evaluated were: fungal incidence, aflatoxins content, and implementation percentage in handling
practices related to aflatoxins contamination. Determinations were carried out through a variance analysis
model, with which areas as fixed effects about said model were compared to detect significant differences;
between means, ANOVA was performed; and for comparisons, Tukey test (p<0.05); at last, correlations were
calculated. Fungal incidence levels remained not directly related to aflatoxins concentration. The higher
implementation percentage the GAP was associated with lower aflatoxins concentration, even if environmental
conditions were predisposing.
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Introduction

The peanut (Arachis hypogaea L.) was produced and marketed primarily as raw material the oil industry and for
direct human consumption (Blengino, 2014). The Argentine peanut agribusiness sector was located mainly from
Cordoba Province and constitutes a very important regional economy dedicated almost exclusively for export,
given that 95% the produce was intended for international markets (Bolsa de Cereales de Cérdoba, 2012).

The peanut is a high nutritional value food for direct human consumption, which needs a sustainable production
system to ensure its safety. Therefore, peanut kernel is considered very likely to be altered at different production
stages, due to abiotic and biotic factors. In particular, fungal presence in grains decreases its quality as food:
causes discoloration, odors, nutritional and chemical disorders; and can produce mycotoxins, which bring about
that peanuts or their derivatives be unfit for consumption (Christensen, 1982; March & Marinelli, 2005; Paster &
Bullerman, 1988; Schneider & Sieber, 1999; Pitt et al., 2012).

The fungal genera Aspergillus, Penicillium, Rhizopus and Fusarium are frequently detected in peanut kernels
(Moraes & Mariotto, 1985; Cavallo et al., 1994; and Cavallo et al., 2005). Among genera mentioned, Aspergillus
stands out as the most important aflatoxins producer (Chulze, 2005; Kumeda & Assao, 2001; March & Marinelli,
2005). Azaizehetal. (1990), Van Egmont et al. (2004), and Cornejo & Villarroel (2007) have established that
low levels of fungal colonization have also presented lower levels of aflatoxins. Accordingly, the A. flavus
detection could be an indicator mycotoxins presence, becoming a simple method to prevent toxins contamination.
While the mycotoxins presence was traditionally a problem associated with storage, research has shown that
contamination can occur before harvest (March & Marinelli, 2005).
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Best way to prevent aflatoxins emergence in grains is adopt preventive measures for fungal controlling at all
production stages (WHO, 2012). For this, it is necessary to identify, among crop handling practices, those which
favor toxigenic fungal proliferation and its consequent mycotoxins generation. About, Chulze (2005) argues that
handling strategies to minimize or eliminate aflatoxins contamination begins at countryside and ends at industrial
process. Thus, Good Agricultural Practices (GAP) and Good Manufacturing Practices (GMP) implementation
decreases aflatoxins contamination risks in peanut kernels. (Bongiovanni et al., 2012). So far, has not been
established at Argentine production zone the implementation degree in those practices which contribute to
reducing fungal incidence and its consequent aflatoxins production. The purpose of this study was to evaluate the
implementation degree in those handling practices which contribute to reducing fungal incidence and its
consequent aflatoxins production in peanut kernels, from central zone the Cérdoba Province (Argentina).

Materials & Method

This research was carried out with peanut kernels intended for direct human consumption at three areas of
production the peanut central zone from Cérdoba Province (Argentina). The areas were identified as: Area 1
(Oncativo), Area 2 (Pasco), and Area 3 (La Palestina). Five samples per area at Campaign 2011-2012 were
worked. Samples of 8.8 Ib weight were taken representatively, according to Rule XII1 (SAGPyA, 1994). The
picking was performed with a Geis-Cal™ invert torn machine, consisting of a swath from four grooves.
Completed the period at swath, its top was removed with a Aipridec™ machine of a single row. The pods were
placed into polyethylene plastic burlap bags and were sent immediately to laboratory for analysis. Then, these
were husked manually and evaluations were conducted with peanut kernels of confectionery category. Variables
evaluated were:

Fungal incidence: It was determined through modified blotter test method (Mathur & Kongsdal, 2003).
Superficially, peanut kernels with healthy appearance were disinfected with sodium hypochlorite solution at 1.5%
for two minutes and were rinsed twice with sterile distilled water. Later, these were placed on sterile filter paper
moistened with sterile distilled water on plastic trays (6.7 x 9 x 1.6 in) formerly disinfected with alcohol at 95%.
Finally, 3 replicates of 50 grains per each sample evaluated were placed to incubate into a chamber at
69.8 + 35.6 °F under UV light during cycles 12 hours light & 12 hours dark. Assessments in individual grains
were performed seven days after sowing, through binocular lens and stereoscopic microscope (40x). Fungi were
classified by techniques commonly used in mycology and with help of keys (Mathur & Kongsdal, 2003).
Variables registered were: percentage the total fungal incidence and infected grains with A. flavus, A. niger,
Alternaria, Penicillium, Fusarium and Rhizopus (Bringel et al., 2001).

Total aflatoxins: It was preceded through direct competitive ELISA technique for total aflatoxins by Romer Labs
AgraQuant™. For extraction, it was worked with 4.4 Ib of peanut with husk for each sample. Randomly spaced,
1.76 Ib of peanut was husked, which then were milled with a Romer Series 1™ so that 75% passed through a
No. 20 mesh. 0.04 Ib of milled sample were weighed, and it was derived to alcoholic extraction with solution
methanol/water at 70/30 (v/v). Concentrations were calculated by extrapolating optical density (OD) with
respective calibration curve obtained. Results were expressed in parts per billion (ppb).

Evaluation the implementation degree in handling practices, related to aflatoxins contamination: Data
collection was performed using semi-structured personal surveys to technical managers for each area, under GAP
for peanut crop (Bongiovanni et al., 2012; Pedelini, 2012). The checklist was grouped according to each stage the
production process, from sowing to transport goods to plant. Assessment of each item was established as impact
the executed task in relation to occurrence or possible fungal contamination. From addition of values obtained in
each item, total score was obtained; and from this, implementation percentage was calculated. Determinations
were carried out with a variance analysis model, with which areas considered as fixed effects about said model
were compared. Mean values of each variable were subjected to statistical analysis to detect significant
differences through ANOVA; comparisons were made with Tukey test (p<0.05) and correlations were calculated
using InfoStat™ statistical program (Di Rienzo et al., 2014).

Results & Discussion

Average values the total fungal incidence obtained showed statistically significant differences at Area 2 relative to
other areas evaluated (Figure 1).
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Figure 1: Total fungal incidence at three representative areas the peanut central zone from Cérdoba Province.
Equal letters indicate no significant differences (Tukey p<0.05).

In Figure 2, percentages the infected grains with each genus at areas evaluated are observed. Data indicated that
fungal incidence with different genera wasn't homogeneous between areas evaluated. Genera detected were:
Aspergillus, Penicillium, Rhizopus and Fusarium; standing, at Area 2, Penicillium presence which reached values
of up to 35%. In all batches, there was fungal contamination; and all them, these was also coincidence with
pollutants mostly found in peanut kernels (Cavallo et al., 1994; Cavallo et al., 2005; Moraes & Mariotto, 1985;
Mazzani, 1989).
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Figure 2: Fungal incidence per genus in peanut kernels at three representative areas the peanut central zone from
Cordoba Province. Different letters indicate significant differences between evaluated areas (Tukey p<0.05).

A. flavus incidence between areas evaluated showed no significant differences (p<0.05) —Figure 2. This fungal
specie, potential precursor the mycotoxins, was found equally at three areas. So that, this situation represents a
potential risk which depends on environmental conditions and handling practices executed, according to proposals
by Fonseca (1991), Melouk & Shokes (1995) and Schapovaloff et al. (2010).
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Determination the total aflatoxins showed significant differences between areas (Figure 3). The Area 2 was it
lowers aflatoxins contamination.
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Figure 3: Aflatoxins concentration in peanut samples at three representative areas the peanut central zone from
Cordoba Province.

Different letters indicate significant differences (Tukey p<0.05). Results presented by PAHO (1983); March &
Marinelli, (2005); Fernandez et al. (2006); and Cornejo & Villarroel (2007) indicate that A. flavus presence is
closely associated with aflatoxins formation. Results found in this research didn't show a direct correlation
between A. flavus percentage and aflatoxins values detected (R*=0.03). By comparing studied areas, different
aflatoxins concentration was established for same level A. flavus contamination.

Regarding handling practices that reduce fungal incidence and subsequent aflatoxin contamination, the higher
implementation percentage, according to surveyed data, was obtained for Area 2 (Table 1).

Table 1: Implementation percentage the practices at three areas of production from Cérdoba Province.

Cumplimiento (%)

Etapa

Areal Area 2 Area3
Previo a la siembra 25.0 78.3 53.3
Siembra 85.7 85.7 85.7
Crecimiento del cultivo 100.0 100.0 100.0
Cosecha 20.0 33.3 20.0
Post cosecha 0.0 0.0 0.0
Total 32.5 52.1 40.5

The comparative analysis between evaluated areas demonstrates that, while A. flavus incidence levels showed no
significant differences (Figure 2), the higher implementation percentage the handling practices at Area 2
determined lower aflatoxins level (p<0.05). These results are contrasted to proposals by Cornejo & Villarroel
(2007) and Nyirahakizimana et al. (2013), who indicate a simple and direct relation between percentage the
fungal incidence with A.flavus and aflatoxins contamination level in peanut kernels. However, these are
consistent with proposals by Chulze (2005) and Pitt et al. (2012), who hold that mycotoxin formation depends not
only of fungal incidence, but interacting environmental factors such as humidity, temperature and crop handling.
The predisposing environmental conditions for aflatoxins formation weren't those that occurred at pre-harvest
stages at areas evaluated (temperatures no higher than 77 °F, absence moisture deficit — Figure 4). Nevertheless, at
post-harvest stages, during the time of permanence at swath, rainfalls accumulated during the months of April and
May were higher at Area 2 (52 mm), regarding Area 1 (22 mm) and Area 3 (42 mm).
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Figure 4: Rainfalls (mm) and maximum temperatures (°F) monthly average for Agricultural Campaign 2011-
2012 at Areas 1, 2 & 3 (Cordoba Grain Exchange).

The higher implementation percentage the GAP (Table 1) was associated with lower aflatoxins generation, even if
environmental conditions were predisposing (Area 2). The stages in which this area had the higher GAP
implementation were: at prior-sowing stage (crop rotation, fallow execution and mechanical tillage), at sowing
stage (quality assurance seed, determination sowing time), and at harvest stage (decrease permanence at swath).
Stages with the lower implementation percentage the GAP were observed at harvest stages until the time of entry
to processing plant.

Conclusion

The fungal incidence levels at studied areas remained not directly related to aflatoxins concentration, which
cannot be estimated mycotoxin risk just to health test the peanut kernels. The higher implementation percentage
the GAP, related mycotoxins formation, was associated with lower aflatoxins concentration —even if
environmental conditions were predisposing. It's noteworthy that while at different areas evaluated, the higher
contamination risk was verified at post-torn stages, it's necessary to implement GAP throughout peanut crop
cycle, order to encourage grains production of better quality intended for direct human consumption.
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