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a b s t r a c t

Mycotoxins are toxic, low molecular weight compounds produced by fungi. Among them, aflatoxins are
the most carcinogenic and they mainly impact on rural communities of developing countries. The pre-
sent study supplies data on mycobiota and aflatoxin contamination in the most common food products
consumed in Haiti. The study concerns analyses performed on 49 samples of meals and seeds collected in
South Haiti and tested for fungal occurrence and aflatoxin content by HPLC-DAD technique. The results
revealed that three main fungal genera affected Haitian food products: Aspergillus spp. (Section Flavi and
Nigri), followed by Penicillium spp. and Fusarium spp. Aflatoxin was present in more than half of the
samples of maize (Zea mays L.) kernels (55%), maize meal (57%) and moringa (Moringa oleifera Lam.)
seeds (64%), and in 25% of peanut (Arachis hypogaea L.) samples. The tested food products were mostly
contaminated by aflatoxin B1 (AFB1) followed by aflatoxin B2 (AFB2), while no aflatoxins type G were
detected. The total concentration of aflatoxins in the positive samples was 228 mg/kg on average, i.e., fifty-
seven and eleven times higher than the maximum levels allowed in Europe and USA, respectively. Both
the presence of aflatoxigenic fungi and aflatoxin contamination in maize kernels seemed to be related to
agricultural practices, such as weed control, irrigation and growing cycle length. These findings suggest
that the Haitian population is strongly exposed to aflatoxin risk. This risk could be reduced by exploiting
simple and accessible farming strategies for minimizing mycotoxin contamination, at least for maize.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Mycotoxins represent an important threat to human health,
particularly in tropical countries that are characterized by high
temperature and humidity. Several mycotoxins can be synthesized
by different fungal genera, but the most toxic and widespread are
aflatoxins, ochratoxins, fumonisins and trichothecenes, produced
bymembers of the genera Aspergillus section Flavi (ASF), Aspergillus
section Nigri (ASN), Penicillium (PEN) and Fusarium (FUS) (Williams
et al., 2004; Venturini et al., 2011, 2013). A great deal of attention
has been given to fungal species belonging to ASF (Varga et al.,
2011), because of their ability to produce aflatoxins, which are
considered to be one of the most threatening food safety problems
worldwide (Kumar et al., 2017).
latti).
Aflatoxins occur in several chemical forms, mainly aflatoxin B1
(AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2) (Ismail et al., 2018).
Among them, AFB1 is the most frequent contaminant of staple
foods, and one of the most potent naturally occurring mutagens
and carcinogens known. Indeed it is classified as a Group 1 human
carcinogen by IARC, the International Agency for Research on
Cancer (IARC,1993). Daily consumption of foods contaminatedwith
AFB1 can result in chronic aflatoxicosis, that causes stunting in
children, immunosuppression, cancer, and reduced life expectancy
(Shephard, 2008). Moreover, toxic effects of aflatoxin exposure
account for more than 40% of the diseases in developing countries
with a short life expectancy (Williams et al., 2004). The risk of
human aflatoxicosis is higher in tropical and subtropical countries
where, generally, aflatoxin regulations are not in force and crops are
consumed without monitoring the mycotoxin content (Shephard,
2008; Wild and Gong, 2010).

Aflatoxigenic fungi and aflatoxins contaminate a number of
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crops, mainlymaize (Zea mays L.) and peanuts (Arachis hypogaea L.),
but also spices and oilseeds (Amaike and Keller, 2011; Georgiadou
et al., 2012; Hammami et al., 2014; Lanier et al., 2009; Strosnider
et al., 2006; Wild, 2007). Fungal infection and aflatoxin contami-
nation often begin before harvest, being favored by agronomic
practices as well as genotype choice, biotic and abiotic stresses
(Shephard, 2008; Wilson et al., 2002). Several field investigations
have shown that reduction in abiotic stress, such as drought, weed
competition and inadequate plant nutrition, reduces fungal in-
fections and the production of aflatoxins (Guo et al., 2008; Kebede
et al., 2012). Contamination caused by species of the genera
Aspergillus and Penicillium can also occur under unsuitable storage
conditions, where water activity (aw) drops slightly below 0.95,
promoting the fungal growth of xerophilic species, that are the
dominant ones under storage conditions (Mannaa & Kim, 2017).
Various studies have demonstrated that temperature and aw ranges
that favor the growth rate of Aspergillus spp. are different from
those that enhance the production of aflatoxin. Optimal values for
fungal growth are 35 �C and 0.95, respectively (Hill et al., 1985).
Aflatoxin synthesis has its optimum at 33 �C and 0.99 (Mannaa &
Kim, 2017). During storage, even crops initially dried to a safe
moisture condition can allow aflatoxin contamination if moisture
content increases due to insect respiration or localized moisture
condensation (Williams et al., 2004).

Crops, such as cereals, oilseeds, legumes, and roots, are partic-
ularly exposed to mycotoxin contamination due to the adaptation
of mycotoxigenic fungi, such as Aspergillus flavus Link, to warm
climates (Battilani et al., 2016). In the past, toxigenic fungal con-
taminations of maize andmaize-derived as well as peanut products
were reported in various tropical and subtropical regions and
countries such as Latin America (Zorzete et al., 2013), Caribbean
(Aristil et al., 2017), Argentina (Astoreca et al., 2011), Brazil (Rocha
et al., 2009) and Ecuador (Pacin et al., 2003). In a tropical country,
such as Haiti, with widespread subsistence farming and limited
storage facilities, fungal growth and mycotoxin contamination may
be favored. Indeed, aflatoxin contamination of Haitian maize and
peanuts has been reported in a study, where mycotoxin content
was determined by using immuno-affinity chromatography and
fluorometry techniques (Schwartzbord and Brown, 2015). Aflatoxin
exposure was confirmed by monitoring its biomarker in urine
samples fromHaitian adults and children (Gerding et al., 2015). In a
preliminary study carried out on a limited number of maize, mor-
inga (Moringa oleifera Lam.) seeds and peanut samples, high levels
of aflatoxin in Haitian crops and foodstuffs together with the
occurrence of toxigenic fungi were reported (Aristil et al., 2017).

The main aim of this study was to estimate toxigenic fungi
occurrence, with particular attention to ASF, and aflatoxin
contamination by HPLC analysis, in 49 Haitian crop samples con-
sisting of maize, moringa, peanut seeds and maize meals supplied
from farmers and street markets in the plain of Les Cayes in the Sud
Department of Haiti. The effect of agricultural practices on fungal
and mycotoxin contamination was evaluated on Haitian maize
samples cropped under different conditions. The long-term objec-
tive is to set up low cost agricultural and storage practices that
could reduce aflatoxin risk in Haitian commodities.

2. Material and methods

2.1. Food sampling and information on agricultural practices
carried out in the field

A total of forty-nine samples of local agricultural products were
randomly collected in Southern Haiti (Sud Department, Les Cayes
Arrondissement) in August 2015, namely: maize kernels (n ¼ 20),
maizemeals (n¼ 7), moringa seeds (n¼ 14) and peanuts (n¼ 8). All
seed samples (not less than 1e2 kg) were supplied by farmers and
directly withdrawn in the homesteads from the top, the middle and
the bottom of storage containers. Meal samples (1e2 kg) were
collected at the street markets of Croix de Bossal and March�e au Fer
(Les Cayes Arrondissement) from seven different suppliers,
following the same seed sampling criteria. During the sampling
session, a short inventory about agricultural practices carried out
during the maize growing season was established through a model
questionnaire, in order to study the possible factors which influ-
ence fungal contamination and aflatoxin synthesis in maize ker-
nels. The questions included background information such as
growing season length (GSL, expressed in days), fertilization (yes or
no), irrigation management (yes or no) and weed control (number
of weedings). Individual samples were mixed thoroughly and kept
in polythene bags, frozen (- 20 �C) for 24 h to reduce pest activity
and transported in refrigerated bags to the Mycology Laboratory at
the Department of Agricultural and Environmental Sciences
(DiSAA, University of Milan, Milan, Italy), where mycological and
toxicological analyses were performed. Three representative sub-
samples (about 50 g) were randomly taken per sample and stored
at 4 �C until analysis.

2.2. Water activity determination

Water activity (aw) in the samples was measured by automatic
analysis with AQUALAB CX-2 equipment (Decagon Devices Inc.,
Pullman, WA, USA). Each sample was measured three times.

2.3. Fungal isolation

Fungal isolation was performed as described by Aristil et al.
(2017). One hundred kernels or seeds per sub-sample were
randomly chosen, surface-sterilized with NaOCl (1%) for 10 min
(Parsa et al., 2016), and rinsed three times in sterile deionized
water. After drying on sterile paper, the kernels or seeds were
placed on Petri dishes containing sterile half-strength Potato
Dextrose Agar (mPDA; PDA, Difco®) amended with dichloran
(0.002 g/l) and broad-spectrum antibiotics (chloramphenicol, 0.1 g/
L; streptomycin sulphate, 0.2 g/l; neomycin sulphate, 0.12 g/l).
Three replicates of nine kernels or seeds were prepared per food
sample.

The analysis of toxigenic viable mycobiota from meals was
carried out by inoculating the suspension obtained by serial dilu-
tion in Petri dishes containing mPDA. Ten grams of meals were
homogenized in 90 ml of 0.1% peptone-water solution (Bacto
Peptone Difco®) and mixed by orbital shaking for 30 min. The
obtained suspensionwas serially diluted (1:10) and three replicates
consisting of 0.1 ml of suspensionwere inoculated in three different
Petri dishes containing mPDA.

2.4. Fungal identification

The inoculated mPDA plates were incubated at 25 �C in the dark
for 5 days and microscopically examined at 20� magnification
(Primo Vert, Zeiss Milano). All the developed fungal colonies were
screened according to the macro-morphological and cultural
criteria and assigned to different genera by using classical identi-
fication methods (Pitt and Hocking, 2009; Samson et al., 2010;
Watanabe, 2010). Colonies identified as Aspergillus, Fusarium and
Penicillium spp. were selected and purified by monoconidial isola-
tion (Pitt and Hocking, 2009). Identification at section level of
monoconidial Aspergillus spp. strains was based on the macro- and
micro-morphological criteria (Leslie and Summerell, 2006; Pitt and
Hocking, 2009). The fungal isolates were maintained on PDA slants
at 4 �C and as conidial suspensions stored at �80 �C in 20% glycerol
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solution. Data on fungal incidence were recorded as percentage of
infected kernels or seeds (isolation frequency of each toxigenic
fungal taxon, IF) or as CFU/g (CFU¼Colony Forming Unit), for meals.
The identification at species level within each toxigenic taxon was
not relevant to the aim of the present study.

2.5. Determination of aflatoxin contamination by HPLC analysis

About 100 g of seed samples were milled for 1.5 min in a labo-
ratory mill (Foss Cyclotec Sample Mill 1093; Foss Italia S.r.l.) set at
the finest setting (1 mm). All ground samples were stored at�20 �C
in aluminum zipper bags until use. HPLC-grade analytical reagents,
such as a sodium chloride (NaCl), potassium bromide (KBr), phos-
phate buffer saline (PBS) and nitric acid (HNO3) solution, and sol-
vents, such as water, methanol and water, were purchased from
Merck (Merck KGaA, Darmstadt, Germany). Aflatoxins were quan-
tified following the protocol described by Vega-Rojas et al. (2016)
with some modifications. Aflatoxins were extracted following the
cereal and nuts protocol of Easi-Extract Aflatoxin Art. No.: RP71/
RP70N (https://food.r-biopharm.com/products/easi-extract-
aflatoxin-2/; R-Biopharm Rhône, Glasgow, Scotland). Briefly, a
subsample (50 g) of ground samples was placed in 1 L of 1% NaCl
and blended for 5 min in a high-speed blender after adding 100 mL
methanol:water (80:20, v/v) solution. Aflatoxins were extracted
frommoringa and peanuts by blending ground samples inwater for
1 min, then adding absolute methanol and blending themixture for
2 min.

After centrifugation at 4500g for 10 min, the supernatant was
filtered through a flutedWhatman no. 4 filter paper (GE Healthcare,
Milano, Italy). The filtrate (5 mL) was diluted with 15 mL 0.1 M PBS
(pH ¼ 7.4). Before PBS dilution, the pH of peanut filtrates was
adjusted to 7.4 value with 2 M sodium hydroxide. The diluted
filtrate was purified by a clean-up method through an Easi-Extract
Aflatoxin immunoaffinity column (R-Biopharm Rhône) following
the manufacturer’s instructions. Aflatoxins were recovered in
amber glass vials using 1.5 mL methanol and 1.5 mL milli-Q water
(EMD Millipore, Merck KGaA, Darmstadt, Germany). An aliquot
(100 ml) of the purified sample was injected into the HPLC system at
a flow rate of 1 mL min�1. Aflatoxins were quantified using an
Agilent 1260 Infinity HPLC system (Agilent Technologies, Cernusco
sul Naviglio Milano, Italy) equipped with quaternary pump
(G1311B), vacuum degasser (G1379B), autosampler (G1329B),
fluorescence detector Agilent 1260 infinity/1200 series (G1321B)
and analytical column: Inertsil ODS-3V (5 mm, 4.6 � 9150 mm; GL
Sciences Inc., Roma, Italy) preceded by a guard cartridge
(10 � 3.2 mm. i.d., 5 mm particle size; Hichrom Ltd, Reading, UK).
Analytical and guard columns were maintained at 40 �C. The iso-
cratic mobile phase was a water:methanol (40:60, v/v) solution
containing KBr (0.144 g) and 4 M HNO3 (420 ml) in a final volume of
1.2 L. The fluorescence detector was set to analyze the excitation
wavelength of 362 nm and the emission wavelength of 425 nm for
AFB1 and AFB2 and of 455 for AFG1 and AFG2. The content of afla-
toxins was determined with a post-column photochemical deriv-
atization electrochemically generated bromine (Kobra® cell, R-
Biopharm Rhône Ltd), at 100 mA setting. Aflatoxin contents were
determined comparing peak areas with those obtained from
reference solutions of AFB1, AFB2, AFG1 and AFG2. The mixed
standards of AFB1, AFB2, AFG1 and AFG2 were purchased as Afla
standard Solution (Cat No. P22) from R-Biopharm Rhône. The
mixture consists of 250 ng AFB1, 250 ng AFB2, 250 ng AFG1 and
250 ng AFG2 in one mL methanol. From this standard solution, five
calibration solutions (10, 20, 40, 100 and 400 ng/ml) were prepared
by diluting an aliquot of the stock solution with the appropriate
volume of liquid chromatography mobile phase. The standard so-
lutions were stored at �15 �C, wrapped in aluminum foil (because
the analyzedmycotoxins gradually breakdown under UV light), and
held for no more than 3 months.

2.6. Statistical analysis

The SPSS statistical package for Windows, v. 25 (IBM Italia,
Milano), was used for all statistical analyses. Differences in the
distribution of the data concerning contamination by the different
fungal genera (ASF, ASN, FUS and PEN), expressed as IF or CFU/g,
were analyzed by non-parametric statistics: Kruskall-Wallis test
and pairwise comparison of the data. Bivariate analysis, used to
analyze the correlations between measured variables, was carried
out for calculating the Spearman’s r correlation coefficient with
significant two tailed-tests on rank-transformed data. The curves of
regression model were calculated in the presence of significant
correlation among variables. The c2 test was used for categorical
variables such as fertilization (yes or no), irrigation management
(yes or no). The level of significance was set at 0.05.

3. Results

3.1. Validation of chromatographic method

The calibration curves reported good linearity (r2 > 0.995). The
recovery experiments showed that the average recoveries for AFB1,
AFB2, AFG1 and AFG2 ranged from 98.3 to 95.1%. The precision was
demonstrated by a coefficient of variation (CV) always below 3.5%.
For this reason, results were not corrected for recovery. The limit of
detection LOD and quantification LOQwere determined by a signal-
to-noise ratio of 3 and 10, respectively. The method’s average LOD
for aflatoxins was about 1.2 mg/kg while the average LOQ was
calculated as 4.1 mg/kg.

3.2. Mycological analysis of Haitian crops

Mycological analyses showed variable levels of fungal contam-
ination of the samples by potential toxigenic taxa according to the
data distribution and statistical analysis (Fig. 1; Table 1). Maize
samples showed different contamination patterns. Maize kernels
showed significant differences among the distribution of IF values
of the different mycotoxigenic taxa (c2 ¼ 10.6; df ¼ 3; P ¼ 0.014)
(Fig. 1A). Aspergillus spp., and in particular ASF (IF ¼ 48%), pre-
dominated over the other genera (Table 1). Maize meal samples did
not show any significant difference in the distribution of the
different fungal genera (c2 ¼ 5.3; df¼ 3; P¼ 0.147). A single sample
showed a particularly high contamination by PEN (1,000,005 CFU/
g) that, however, was outside from the distribution (extreme
outlier) and did not contribute to differentiate the taxa (Fig. 1B).
Moringa seeds (Fig. 1C) were significantly more heavily contami-
nated by Aspergillus spp., with ASF and ASN strains showing average
IF values equal to 13 and 23%, respectively (Table 1), than by the
other fungal genera (c2 ¼ 19.7; df ¼ 3; P < 0.0001). The fungal
strains isolated from peanut seeds (Fig. 1D) were similarly domi-
nated by Aspergillus spp., with IF values equal to 17 and 18% for ASF
and ASN (Table 1), respectively (c2 ¼ 12.5; df ¼ 3; P ¼ 0.006).

3.3. Water activity, isolation frequency of Aspergillus section Flavi,
and aflatoxin contamination

Results obtained on water activity (aw), isolation frequency (IF)
of ASF strains, aflatoxin content and percentages of contaminated
samples of the tested Haitian foodstuff are presented in Table 2. For
aflatoxin contamination, only results concerning AFB1 and AFB2
were reported since no AFGs were detected in Haitian food mate-
rials. As a consequence, the total aflatoxin content (AFtot) was
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Fig. 1. Box-plot graph showing the values of fungal contamination, expressed as isolation frequencies (IF) or CFU/g, by ASF, ASN, FUS and PEN in maize (A), maize meal (B), moringa
(C) and peanut (D) samples. ASF ¼ Aspergillus section Flavi; ASN ¼ Aspergillus section Nigri; FUS¼Fusarium spp.; PEN¼Penicillium spp. Asterisks and circles represent extreme and
mild outliers, respectively.

Table 1
Average values ± standard deviation (SD) of isolation frequency (IF) or CFU/g of ASF
(Aspergillus Section Flavi), ASN (Aspergillus Section Nigri), FUS (Fusarium spp.) and
PEN (Penicillium spp.) in maize, maize meal, moringa and peanut samples and re-
sults of statistical analysis (Kruskal-Wallis and pairwise comparison test)*.

Food sample Taxon IF ± SD CFU/g ± SD

Maize kernels ASF 48 ± 11.9 a e

ASN 34 ± 11 ab e

FUS 24 ± 10.8 b e

PEN 25 ± 10.2 b e

Maize meals ASF e 511 ± 161.3 a
ASN e 401 ± 260.4 a
FUS e 4776 ± 3815.6 a
PEN e 150326 ± 260348.1 a

Moringa ASF 13 ± 7.3 a e

ASN 23 ± 6.4 a e

FUS 4 ± 2.5 b e

PEN 4 ± 3.8 b e

Peanuts ASF 17 ± 8.2 a e

ASN 18 ± 5.3 a e

FUS 1 ± 1.6 b e

PEN 7 ± 7.3 ab e

* Different letters correspond to significant differences in the data distribution for
P ¼ 0.05.
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determined as the sum of AFB1 and AFB2.

3.3.1. Maize kernels
The average values of water activity of the samples ranged from

0.6 to 0.8, with a mean value of 0.7 and a very low value of standard
deviation (SD¼ 0.04). ASF was detected in all samples with variable
average isolation frequencies (48 ± 30%). The majority (55%) of
maize kernel samples was contaminated by aflatoxins, with an
average aflatoxin content (AFtot) of 186 ± 304 mg/kg. A high vari-
ability was found among replicates. Some replicates showed the
detectable presence of aflatoxin while others had values below the
detection limit. AFB1 content was thirteen times higher than AFB2
level.

3.3.2. Maize meals
Maize meals reported aw values ranging from 0.4 to 0.6, with a

mean value of 0.5, and very low values of standard deviation
(SD ¼ 0.01). Almost all samples (86%) were simultaneously
contaminated by ASF and aflatoxins. The average ASF contamina-
tion inmaizemeal was 514± 363 CFU/g (Table 2), but this valuewas
mainly influenced by a single sample that showed a contamination



Table 2
Number of samples, average values (AV) ± standard deviation (SD) of water activity (aw), isolation frequency (IF, for maize kernels, peanuts and moringa) or CFU/g (for maize
meal) of Aspergillus section Flavi (ASF), aflatoxin content, expressed as AFB1, AFB2 and total aflatoxin (Aftot), and percentages of samples contaminated by ASF or aflatoxins (CS)
of the analyzed foodstuff.

Parameters Values Foodstuff

Maize kernels Maize meal Moringa Peanuts

Samples Number 20 7 14 8
aw AV ± SD 0.7 ± 0.04 0.5 ± 0.01 0.6 ± 0.06 0.6 ± 0.17
IF (%) or CFU/g AV ± SD 48 ± 30 514 ± 363 13 ± 12 17 ± 14

CS 100 86 100 88
AFB1 (mg/kg) AV ± SD 172.4 ± 282.5 50.8 ± 47.9 81.6 ± 186.4 58.7 ± 117.2

CS 55 57 64 25
AFB2 (mg/kg) AV ± SD 13.5 ± 21.6 5.9 ± 7.2 8.4 ± 19.2 11.5 ± 22.3

CS 50 43 36 25
AFtot (mg/kg) AV ± SD 185.9 ± 303.9 56.7 ± 54.9 90.0 ± 205.6 70.2 ± 139.4

CS 55 57 64 25

Fig. 2. Box-plot graph showing the distribution of ASF isolation frequencies (IF) on
maize kernels according to the number of weeding treatments performed in field
(n ¼ number of samples).
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level of 2950 CFU/g. More than one half of the meal samples (57%)
were contaminated by aflatoxins, with an average amount of
57 ± 55 mg/kg. Both AFB1 and AFB2 were detected in aflatoxin
contaminated samples with an AFB1 content nine times higher than
AFB2 level. The high values of standard deviation recorded for ASF
and aflatoxin contaminations associated with differences among
replicates.

3.3.3. Moringa seeds
Moringa seeds showed a mean aw value of 0.6 ± 0.06. All the

samples were contaminated by ASF, with an average isolation fre-
quency of 13 ± 12% (Table 2). Aflatoxins, and in particular AFBs,
were found in 64% of moringa samples with an average total afla-
toxin contamination of 90 ± 206 mg/kg. It must be pointed out that
the samples positive to AFB1 and AFB2 showed total aflatoxin levels
ranging from 11.1 to 638.4 mg/kg. AFB1 levels were ten times higher
than those of AFB2.

3.3.4. Peanuts
The water activity of peanuts showed a mean of 0.6 ± 0.17

(Table 2). ASF contamination was found in 88% of the samples with
an average isolation frequency of 17 ± 14%. The majority (75%) of
Haitian peanut samples were negative for aflatoxin presence. The
two positive samples showed a total aflatoxin content ranging from
186.6 to 375.1 mg/kg, while the average value of the overall peanut
samples was 70 ± 139 mg/kg. AFB1 levels were five times higher
than those of AFB2.

3.4. Correlation analysis

Spearman’s r nonparametric correlation was used to test a
possible correlation among the following quantitative measured
variables transformed in ranks: water activity (aw), isolation fre-
quencies (IF or CFU/g) of Aspergillus section Flavi (ASF) and total
aflatoxin content (AFtot).

No correlation was observed between aw and ASF (r ¼ 0.372,
P ¼ 0.106 for maize kernels; r ¼ �0.22, P ¼ 0.635 for maize meals;
r ¼ 0.212, P ¼ 0.466 for moringa; r ¼ 0.12, P ¼ 0.778 for peanuts)
nor between aw and AFtot content (r ¼ 0.121, P ¼ 0.61 for maize
kernels; r ¼ �0.374, P ¼ 0.41 for maize meals; r ¼ �0.306,
P ¼ 0.287 for moringa; r ¼ 0.16, P ¼ 0.712 for peanuts) in all the
tested food products.

A significant positive correlation was found between ASF and
AFtot content of maize meals (r ¼ 0.784; P ¼ 0.036). No correlation
between the two variables was found in maize kernels (r ¼ 0.381;
P¼0.098), moringa seeds (r ¼ 0.486; P¼0.078) and peanuts
(r ¼ 0.325; P¼0.432).

The influence of agricultural practices adopted in the field on
contamination of maize kernels by ASF, and on AFtot levels was
investigated. Among the field practices considered, fertilization did
not show any association with ASF (c2 ¼ 0.267; df ¼ 1; P ¼ 0.606),
and AFtot (c2 ¼ 0.202; df ¼ 1; P ¼ 0.653). However, weed man-
agement practices had a significant negative correlation
(r ¼ �0.476; P ¼ 0.034) with ASF contamination in maize kernels.
Indeed, samples collected from fields with the highest frequencies
of weeding showed lower levels of ASF contamination (Fig. 2). AFtot
showed a significant positive correlation with growing season
length (GSL) (r ¼ 0.463; P ¼ 0.04): maize kernels collected from
fields with GLS ranging from 90 to 150 days showed a lower dis-
tribution of aflatoxin contamination than those collected from
fields where GSL was 180 or 210 days (Fig. 3A). Despite c2 test
showed that AFtot and irrigation practices were independent vari-
ables (c2 ¼ 12; df ¼ 11; P ¼ 0.364), the distribution of AFtot content
was higher in samples collected from fields where no irrigationwas
performed (Fig. 3B).
4. Discussion

In this study the mycological analysis of food materials collected
in Haiti revealed high levels of contamination by the three major



Fig. 3. Box-plot graph showing the distribution of AFtot contamination (mg/kg) of maize kernels according to (A) maize growing season length (GSL) and (B) irrigation practice
performed in field (n ¼ number of samples). Asterisks and circles represent extreme and mild outliers, respectively.
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toxigenic fungal genera, Aspergillus, Fusarium and Penicillium, in
maize kernels, maize meals, moringa and peanuts. In general, raw
materials showed a greater incidence of Aspergillus spp. compared
to the other two mycotoxigenic genera, while transformedmaterial
(maize meal) had a more equal distribution of the investigated
fungal taxa. Even if no significant differences could be found in the
distribution of the potentially mycotoxigenic fungi, Penicillium spp.
showed a higher frequency in some maize meal samples that
should be better investigated by increasing the sample number. The
predominance of Penicillium spp. in corn meal mycobiota has been
previously found by other authors in association with non-optimal
conditions during storage (Garbini et al., 1987; Etcheverry et al.,
1999).

The toxigenic mycobiota recorded in Haitian maize kernels and
peanut seeds confirmed the well-known existence of favorable
conditions for Aspergillus spp. infection in tropical and subtropical
latitudes (Klich, 2007; Mudili et al., 2014; Saleemi et al., 2012;
Schwartzbord and Brown, 2015; Agbetiameh et al., 2018). More-
over, the results obtained in the present study indicate that mor-
inga can support the growth of aflatoxigenic fungi and can be
contaminated by aflatoxins, as observed in a previous study (Aristil
et al., 2017) carried out on a lower number of samples.

Both the frequency of contamination by ASF and the biosyn-
thesis of secondary metabolites, including mycotoxins, are signifi-
cantly influenced by environmental conditions such as pH, aw and
temperature (Belli et al., 2004; Hope et al., 2005; Sultan andMagan,
2010). In the present study, no correlation was found between the
isolation frequency of ASF and aw of the food products, probably
due to the fact that the water activity of the samples was in most of
the cases equal to or lower than 0.7, when the growth of members
of ASF, such as Aspergillus flavus, is favored by aw>0.85 (Liu et al.,
2017; Medina et al., 2017). Since the samples showed water activ-
ity conditions not favorable to the ASF growth, it is reasonable to
assume that the contamination took place in the field. This hy-
pothesis is also corroborated by the fact that the ears of corn in
Haiti are traditionally left in the field on the plants after ripening
until they are dry, so that they remain throughout this period
exposed to unpredictable events, such tropical downpours which
may occur daily. However, more information should be collected on
the handling conditions from harvest to storage/market, to exclude
that contamination occurred at these stages.

A significant, positive, correlation was found between ASF and
aflatoxin contamination in maize meal alone. The absence of cor-
relation found with ASF contamination in seeds could be due to the
fact that fungal contamination was determined by different
methods: direct plating for seeds, with calculation of the percent-
age of infected seeds, and dilution technique, with calculation of
CFU/g, for maize meal. Since the aflatoxin content was determined
on milled samples, it could have been easier to find a correlation
between values obtained on meal/flour than on seed/flour.

Concerning aflatoxin contamination, all the positive samples
were contaminated by AFB1 and AFB2, to a lesser extent, while no
AFG1 nor AFG2 were detected. AFB1 is, indeed, confirmed to be the
most frequently found aflatoxin in contaminated samples, when
the other aflatoxins are generally not reported in the absence of
AFB1 (EFSA Panel on Contaminants in the Food Chain (CONTAM),
2018; Joint FAO/WHO Expert Committee on Food Additives, 2017;
Kensler et al., 2011). The reports where AFGs concentration is
higher than that of AFBs are uncommon (Matumba et al., 2015).

Overall, 50% of the analyzed food samples were contaminated
by aflatoxins, with differences among food types. Aflatoxin
contamination was found in 55% of the maize kernel samples, with
AFB1 mean values of 172 mg/kg. The European Union (EU) (Com-
mission Regulation (EC) No 1881/2006) and FDA in USA (https://
www.fda.gov/regulatory-information/search-fda-guidance-
documents/guidance-industry-action-levels-poisonous-or-
deleterious-substances-human-food-and-animal-feed) established
that the limits for aflatoxin contamination in food for human
consumption are 4 and 20 mg/kg, respectively. The aflatoxin content
of the contaminated maize kernels was above the European and
American limits in 55% of the samples, indicating the chronic
exposure of Haitian people to aflatoxins. This can have negative
effects on human health, due to the widespread consumption of
locally produced maize by Haitian consumers, that every day ingest
50 g of maize (Ranum et al., 2014).

Maize meals demonstrated the lowest accumulation of AFB1,
with a mean of 51 mg/kg, that could be associated with the reduced
presence of Aspergillus spp. over Fusarium spp. and Penicillium spp.
in the mycobiota. Indeed, a significant positive correlation between
aflatoxin content and ASF contamination was found in these sam-
ples. However, in this case all the positive samples (57% of the total
number of food products) showed aflatoxin levels far above the
European and American food security levels (15<AFtot<166 mg/kg).

Moringa was the food sample most contaminated by the my-
cotoxins compared with the others. As a matter of fact, 64% of
moringa samples were positive for aflatoxin at different concen-
trations. Remarkably, in two samples the content of aflatoxin
exceeded the limit established by the European Union (4 mg/kg) by
125 and 160 times. This is particularly worth noticing, since mor-
inga is used as a nutraceutical ingredient in baby food (Aristil, pers.

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
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comm.) and as a panacea for various diseases (Leone et al., 2015;
Baptista et al., 2017). Therefore, aflatoxin contamination in moringa
is a serious threat for Haitian consumers.

Peanuts were the least contaminated samples, since only 25% of
them showed aflatoxin occurrence, even if over the safety limits (27
and 119 mg/kg). These results are in line with those reported in hot
and humid regions by other authors (Abdel-Hadi et al., 2010; Ding
et al., 2015; Mupunga et al., 2014; Pitt and Hocking, 2006).

The high standard deviation values found in ASF contamination
and aflatoxin content could be due to the differences found among
replicates: contaminated particles can be, in fact, heterogeneously
distributed throughout a lot. This constitutes a technical problem
for any sampling method and it is frequently encountered when
determining contamination by mycotoxigenic fungi and mycotoxin
content (Whitaker, 2006; Maestroni and Cannavan, 2011).
Increasing sample and subsample sizes, and the number of aliquots
quantified could help to reduce the variability associated with the
mycotoxin test procedure in future studies (Whitaker, 2006).

Aflatoxins are accumulated both pre- and post-harvest, in the
latter case when food is stored under conditions that promote
fungal growth (Wild and Gong, 2010; Logrieco and Moretti, 2008;
Mahuku et al., 2019; Torres et al., 2014). The pre-harvest control of
fungal and mycotoxin contamination is based on good agricultural
practices aiming at reducing crop stresses such as drought (Mutiga
et al., 2017) and weed competition. The results obtained in this
study suggest that agricultural practices may indeed have a role in
fungal and mycotoxin contamination. Maize kernels coming from
fields where no weeding and no irrigation were performed
exhibited the highest ASF and aflatoxin contamination, respec-
tively. These results are also in agreement with the findings by
Mutiga et al. (2017), who reported that water stress affected maize
ear and kernel development, and in turn influenced susceptibility
to fungal colonization and aflatoxin content. However, due to the
low number of samples (n ¼ 3) where three weedings were per-
formed in the field, further investigations are needed to confirm the
results obtained on the weed control.

The other agronomic parameter found to be linked with aflatoxin
content in maize was the growing season length. In Haiti, only two
local maize varieties are cultivated and prolonged drying of maize
kernels in the field after physiological maturity occurs. This delayed
harvest increases insect damage, fungal growth and aflatoxin
contamination. As reported by Kaaya et al. (2005), aflatoxin levels
increased 4-fold and more than 7-fold when maize harvest was
delayed by 3 and 4 weeks, respectively, after maturity. Therefore,
particular attention should be taken to this important aspect for the
prevention of aflatoxin contamination in the field, by proposing a
simple good agricultural practice: drying of the seeds after harvest,
without leaving theearon theplant. Experimental activities aimingat
evaluating the most suitable protocol to be followed by the farmers
for drying the seeds are planning stages. Fertilization in the present
investigation did not affect aflatoxin contamination, although a cor-
relationwas previously reported between a balanced N fertilizer and
lower mycotoxin contamination (Blandino et al., 2008).

In conclusion, the present study has provided information about
toxigenic mycobiota and the quantity of aflatoxins that contami-
nate foodstuff coming from the most important farming region of
Haiti for the production of maize, peanuts and moringa. The results
obtained on the mycobiota characterization highlight the necessity
of characterizing the fungal mycobiota at the species level and
further investigating Haitian samples for the occurrence of other
important mycotoxins, such as ochratoxin A, fumonisins and
trichothecenes. A higher number of samples is moreover needed to
confirm the findings of this work, especially in relation to agricul-
tural practices. These preliminary results confirm the problem of
food safety in developing countries and the necessity of adopting
practicable and effective good agronomic practices in a country
with limited facilities. The approaches that can reduce exposure to
a significant degree require a coordinated effort in terms of edu-
cation and raising awareness at all levels of Haitian society, taking
into account local conditions and traditions, including good agri-
cultural practices and post-harvest management. The response,
however, needs to be a concerted one, including international
agencies, governments and non-governmental organizations, to
share the need for a global harmonization of mycotoxin legislation
and to minimize the unequal access to safe and sufficient food.
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Mycobiota, aflatoxins and cyclopiazonic acid in stored peanut cultivars. Food
Res. Int. 52, 380e386.

http://refhub.elsevier.com/S0022-474X(19)30405-9/sref11
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref11
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref11
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref12
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref12
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref12
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref12
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref12
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref13
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref13
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref13
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref13
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref14
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref14
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref14
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref15
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref15
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref15
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref15
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref15
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref16
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref16
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref16
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref16
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref17
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref17
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref17
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref17
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref18
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref19
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref19
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref19
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref19
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref20
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref20
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref20
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref20
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref20
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref21
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref21
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref21
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref21
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref21
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref22
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref22
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref22
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref23
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref23
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref23
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref23
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref24
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref24
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref24
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref24
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref25
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref25
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref25
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref25
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref26
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref26
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref26
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref27
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref27
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref27
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref28
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref28
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref28
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref28
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref29
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref29
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref29
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref29
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref30
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref30
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref31
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref31
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref31
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref31
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref31
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref32
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref33
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref33
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref33
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref33
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref34
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref34
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref34
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref34
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref35
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref35
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref35
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref35
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref36
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref37
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref38
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref38
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref38
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref38
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref38
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref39
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref39
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref39
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref39
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref40
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref40
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref40
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref40
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref40
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref41
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref41
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref41
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref41
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref41
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref42
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref42
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref42
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref42
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref42
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref43
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref43
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref43
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref44
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref44
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref45
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref45
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref45
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref45
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref46
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref46
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref46
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref46
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref46
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref47
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref47
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref47
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref47
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref48
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref48
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref48
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref49
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref49
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref49
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref49
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref50
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref50
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref50
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref51
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref52
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref52
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref52
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref53
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref53
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref53
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref53
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref54
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref54
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref54
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref55
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref55
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref55
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref55
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref55
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref56
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref56
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref56
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref56
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref57
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref57
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref57
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref57
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref58
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref58
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref59
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref59
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref59
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref60
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref60
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref60
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref61
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref61
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref61
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref62
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref62
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref62
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref62
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref62
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref63
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref63
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref63
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref63
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref63
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64
http://refhub.elsevier.com/S0022-474X(19)30405-9/sref64

	Fungal contamination and aflatoxin content of maize, moringa and peanut foods from rural subsistence farms in South Haiti
	1. Introduction
	2. Material and methods
	2.1. Food sampling and information on agricultural practices carried out in the field
	2.2. Water activity determination
	2.3. Fungal isolation
	2.4. Fungal identification
	2.5. Determination of aflatoxin contamination by HPLC analysis
	2.6. Statistical analysis

	3. Results
	3.1. Validation of chromatographic method
	3.2. Mycological analysis of Haitian crops
	3.3. Water activity, isolation frequency of Aspergillus section Flavi, and aflatoxin contamination
	3.3.1. Maize kernels
	3.3.2. Maize meals
	3.3.3. Moringa seeds
	3.3.4. Peanuts

	3.4. Correlation analysis

	4. Discussion
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


