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ABSTRACT

Subsistence farming and poor storage facilities favor toxigenic fungal contamination and mycotoxin accumulation in staple

foods from tropical countries such as Haiti. The present preliminary study was designed to evaluate the occurrence of toxigenic

fungi in Haitian foodstuffs to define the mycotoxin risk associated with Haitian crops. The objectives of this research were to

determine the distribution of toxigenic fungi in the Haitian crops maize, moringa, and peanut seeds and to screen Aspergillus
section Flavi (ASF) isolates for production of aflatoxins B1 and G1 in vitro. Maize, moringa, and peanut samples were

contaminated by potential toxigenic fungal taxa, mainly ASF and Fusarium spp. The isolation frequency of Aspergillus spp. and

Fusarium spp. was influenced by locality and thus by farming systems, storage systems, and weather conditions. Particularly for

ASF in peanut and maize samples, isolation frequencies were directly related to the growing season length. The present study

represents the first report of contamination by toxigenic fungi and aflatoxin in moringa seeds, posing concerns about the safety of

these seeds, which people in Haiti commonly consume. Most (80%) of the Haitian ASF strains were capable of producing

aflatoxins, indicating that Haitian conditions clearly favor the colonization of toxigenic ASF strains over atoxigenic strains. ASF

strains producing both aflatoxins B1 and G1 were found. Understanding the distribution of toxigenic ASF in Haitian crops and

foodstuffs is important for determining accurate toxicological risks because the toxic profile of ASF is species specific. The

occurrence of toxigenic fungi and the profiles of the ASF found in various crops highlight the need to prevent formation of

aflatoxins in Haitian crops. This study provides relevant preliminary baseline data for guiding the development of legislation

regulating the quality and safety of crops in this low-income country.
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Mycotoxins are toxic secondary metabolites produced

by fungi belonging to several genera, including Aspergillus,
Fusarium, and Penicillium. Mycotoxins represent a health

problem particularly in tropical countries with high ambient

temperatures and high relative humidity (46). Among

toxigenic fungi (TF), Aspergillus section Flavi (ASF) has

been widely studied for its production of mycotoxins such as

aflatoxins (AFs) (39). AFs mainly occur in the forms of

aflatoxin B1 (AFB1), B2 (AFB2), G1 (AFG1), and G2

(AFG2). AFB1 is one of the most potent naturally occurring

mutagens and carcinogens known (17). Daily consumption

of foods contaminated with AFB1 can result in stunting in

children, immune suppression, cancer, and reduced life

expectancy especially in tropical countries where AF

regulations are not in force and crops are consumed without

monitoring (36). ASF and AFs are found in a wide range of

crops, mainly maize (Zea mays) and peanuts (Arachis
hypogaea) but also spices and oilseed (2, 13, 16, 20).
Genotypes, drought, insect activity, delayed harvest, and

slow and inadequate drying are major causes of ASF and AF

contamination (10, 28). Colonization of maize and maize-

derived products by TF has been reported in various Latin

American countries such as Argentina (3), Brazil (31), and

Ecuador (26). TF and AFs also frequently contaminate Latin

American peanuts (47). In a tropical country such as Haiti

with widespread subsistence farming and limited storage

facilities, fungal growth and mycotoxin contamination may

proliferate. In a previous study, Haitian maize and peanuts

were highly contaminated by high concentrations of AFs

(35). AF exposure was confirmed by monitoring an AF

biomarker in urine samples from Haitian adults and children

(14). However, no previous study has been conducted on the

occurrence of TF in Haitian crops to provide insights on

fungal ecology in Haiti. The objectives of this preliminary

study were to (i) determine the distribution of Aspergillus

spp. and Fusarium spp. (FUS) associated with Haitian

maize, moringa seeds (Moringa oleifera), and peanut seeds,

(ii) evaluate the AF contamination of samples, and (iii)

screen ASF isolates for production of AFB1 and AFG1 in

vitro.
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MATERIALS AND METHODS

Study region and sampling procedure. Eighteen samples

were collected from farmers in southern Haiti (Sud Department,

Les Cayes Arrondissement) during February 2015. The local

agricultural products that were collected were maize kernels (n ¼
9), moringa (n¼ 3), and peanut seeds (n¼ 6). All samples (not less

than 1 to 2 kg) were taken directly from the homesteads of different

farmers (Table 1). During the sampling session, short interviews

were conducted with growers concerning the crop production

process. Samples were transported to the Mycology Laboratory

(Department of Agricultural and Environmental Sciences, Univer-

sity of Milan, Milan, Italy) for mycological and AF analyses. Three

representative subsamples (about 50 g) were randomly removed

from each sample and stored at 48C until analyzed.

Mycological analyses and fungal identification. The

analysis of the viable mycobiota associated with samples was

estimated using a direct plating technique after surface disinfection

(27, 41). All fungal colonies were screened according to macro-

morphological and cultural criteria and assigned to genera (27, 33,
44). Colonies identified as Aspergillus, Fusarium, and Penicillium
were grown in pure culture by monoconidial isolation. Fusarium
isolates were identified to section or species complex on the basis

of their macro- and micromorphology (22) as well as colonies of

Aspergillus spp. (34, 39, 42). Data on fungal incidence were

recorded as the percentage of kernels or seeds infected by each

fungal taxon.

Determination of aflatoxigenic potential of ASF strains.
The ability of 49 arbitrarily selected ASF monoconidic strains to

synthesize AFs was assessed following the procedure described by

El Mahgubi et al. (12).

AF analysis. Samples were analyzed for total AFs using a

commercially available quantitative enzyme-linked immunosor-

bent assay (ELISA) kit (Ridascreen Aflatoxin Total, R-Biopharm

Rhône, Glasgow, UK). AF extraction and analysis were performed

according to the manufacturer’s instructions. The recovery rates

were obtained in spiked samples, corresponding to the standard

AFB1 (0.050 and 1.35 lg/kg) for each analyzed crop. The recovery

rates for maize, moringa, and peanuts were approximately 85, 92,

and 95%, with mean coefficients of variation of approximately 10,

15, and 6%, respectively.

Statistical analysis. The SPSS statistical package for

Windows, v. 23.0 (SPSS, IBM, Armonk, NY) was used for all

statistical analyses. Normal distribution and homogeneity of

variances were verified, and a one-way analysis of variance

(ANOVA) was used applying the Ryan-Einot-Gabriel-Welsch F

test to detect significant differences between isolation frequency

(IF) means for each fungal taxon. When data did not meet the

requirements for parametric tests, they were analyzed with a

Kruskal-Wallis nonparametric ANOVA and Mann-Whitney test

for pairwise comparisons. Contingency tables were produced with

AF chemotype frequencies, which were then compared using the

chi-square test or a two-tailed Fisher’s exact test, when appropriate.

RESULTS

Mycological analyses of the Haitian samples revealed

variable levels of fungal contamination concerning both the

quantitative and qualitative composition of the culturable

mycobiota. Mycobiota of maize samples was composed

mainly of potential toxigenic taxa such as Aspergillus spp.,

FUS, and Penicillium spp. (PEN) (90% of fungal isolates).

Other fungi were isolated at low frequencies (10%). A

similar mycobiota was observed for moringa seeds samples,

with the majority of fungi (71%) belonging to Aspergillus

spp., FUS, and PEN. Other fungi made up 28% of the total

mycobiota isolated from moringa seeds. Peanut mycobiota

was mainly composed of Aspergillus spp. (51%). Other

TABLE 1. Isolation frequency of Aspergillus spp. (ASF, ASN, and ASC), Fusarium spp. (FUS), and Penicillium spp. (PEN) in maize,
moringa seed, and peanut seed samples from Haiti

Host Sample no. Farmer

Isolation frequency (%)a

ASF ASN ASC FUS PEN

Maize 1 A 48.0 ABC 28.0 BC ND 33.3 AB 10.7

2 B 9.3 A 6.7 A ND 69.3 BC 24.7

3 C 25.3 AB 6.8 AB ND 70.0 C 24.0

4 D 34.0 AB 23.3 ABC ND 50.7 AB 45.3

5 E 97.3 C 58.0 E ND 50.8 ABC 45.3

6 F 80.7 BC 51.3 DE ND 32.7 AB 42.0

7 G 31.3 AB 20.7 ABC ND 31.3 A 53.3

8 H 46.7 ABC 39.3 CD ND 26.0 A 32.0

9 I 40.0 AB 33.3 CD ND 26.7 A 37.3

Moringa seed 10 J 80.7 C 12.7 10.7 ND 2.7

11 K 54.7 B 12.0 10.6 ND 17.3

12 L 1.3 A ND ND 14.7 9.3

Peanut 14 M 4.0 A 60.0 C ND ND ND

15 N 46.7 B 11.3 A ND ND 26.0

16 O 28.0 A 38.0 B ND ND ND

17 P 16.7 A 22.0 A ND 1.3 2.7

18 Q 6.7 A 10.7A ND ND 2.7

a For each host, within a fungal taxon, values with different letters are significantly different at P , 0.05 (Ryan-Einot-Gabriel-Welsch F
test). Absence of letters indicates no significant difference. ND, not detectable.
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fungi made up 39% of the total mycobiota, and 10% of the

seeds were not contaminated.

The IFs of the potential TF taxa isolated from maize

kernels differed among the samples. Only IFs measured for

PEN were similar among samples (Table 1). ASF contam-

ination was variable. Samples from farmers E and F were

significantly more contaminated than was the sample from

farmer B, but all other samples had similar ASF contam-

ination. A similar pattern was observed for IFs measured for

Aspergillus section Nigri (ASN); the sample from farmer B

had the lowest IF, similar only to the sample from farmer C

and significantly different from samples from farmers E and

F. Isolated FUS mainly belonged to the Fusarium fujikuroi
species complex (FFSC). Significant differences in FUS

contamination were found among samples from farmers B

and C and samples from farmers G, H, and I.

IFs for moringa seeds differed among samples only

regarding ASF (Table 1). The sample from farmer L

contained only ASF and FUS. Samples from farmers J and

K contained strains belonging to Aspergillus section

Circumdati (ASC).

Peanut samples were mainly contaminated by ASF and

ASN, and the IFs for these taxa were the only values that

were significantly different among samples (Table 1). The

sample from farmer R was contaminated only with

Mucoraceae strains (data not shown). All samples had

similar ASF contamination except the sample from farmer

N, which had the highest IF. The highest IFs for ASN were

found in samples from farmers M and O. FUS were isolated

from only the sample from farmer P.

Among the inventoried agricultural variables, the

growing season length (GSL) was the only one that had a

significant effect on ASF occurrence in maize and peanut

samples; ASF contamination was directly related to the crop

cycle duration (Table 2). In maize samples, ASF was

significantly higher in samples with a 5-month GSL than in

samples with a 3- or 4-month GSL. For peanut samples,

ASF was significantly higher in samples with a 5-month

GSL than in samples with a 4-month GSL (Table 2).

The isolated fungal population consisted of strains of ASF

(n ¼ 119), ASN (n ¼ 66), FUS (n ¼ 21), and PEN (n ¼ 37).

Regarding monoconidic ASF strains, 56, 25, and 38 strains

were isolated from maize, moringa, and peanut, respectively.

Based on AF production patterns, 49 ASF strains were

classified into four chemotypes (Table 3). Chemotype I was

represented by 35 ASF strains (71%) characterized by only

AFB1 production. Chemotype II consisted in four ASF

strains (9%) producing both AFB1 and AFG1. No strain

belonged to chemotype III (producing only AFG1). Chemo-

type IV was consisted of the atoxigenic ASF strains (n¼ 10;

20%). In general, a majority (80%) of Haitian ASF strains

were toxigenic compared with 20% atoxigenic strains (v2¼
33.11; P , 0.001). No significant association was found

between AF production profile and host of the Haitian ASF

strains. Maize and peanut samples were mainly contaminat-

ed by chemotype I and II ASF strains and to a lesser extent

by atoxigenic ASF strains. Moringa seeds were contaminat-

ed by a population of ASF strains with a homogenous

chemotype pattern (Table 3).

Among the Haitian samples, the majority of maize

(75%), peanut (80%), and moringa (100%) samples were

positive for AFs. For the maize samples, the limits of

detection of the method (signal-to-noise ratio, 3:1) and

quantification (signal-to-noise ratio, 10:1) were 1.7 and 5.1

lg/kg, respectively. For moringa and peanut samples, limits

of detection were 2.1 and 1.8 lg/kg, respectively, and limits

of quantification were 6.5 and 5.6 lg/kg, respectively. AF

contamination in maize samples ranged from nondetectable

to 1,500 lg/kg, with a median of 95.4 lg/kg. AFs

contamination in moringa and peanut seeds ranged from

nondetectable to 700 and 500 lg/kg, respectively, with

medians of 70.8 and 45.3 lg/kg, respectively.

TABLE 2. Mean isolation frequency of potential toxigenic taxa in maize and peanut samples from Haiti with different growing season
length (GSLs)

Host GSL (mo)

Isolation frequency (%)

ASF ASN FUS PEN

Maizea 3 30.3 A 34.0 47.2 40.4

4 37.7 A 18.4 29.6 29.6

5 89.0 B 6.7 49.3 24.0

Peanut 4 13.8 32.7 0.3 1.3

5 36.7 11.3 ND 26.0

P ¼ 0.034b P ¼ 0.070 ND P ¼ 0.400

a For maize samples, within a toxigenic taxon, means with different letters are significantly different at P , 0.05 (Kruskal-Wallis test).

Means without letters are not significantly different.
b P values for a Mann-Whitney test comparing the means obtained from peanut samples with different GSLs. ND, not detectable.

TABLE 3. Chemotype patterns of Haitian Aspergillus section
Flavi strains isolated from maize, moringa seeds, and peanuts
based on aflatoxin production

Host

No. of

tested

isolates

No. of isolates with aflatoxin chemotype:

P a
I

(AFB1)

II

(AFB1þ
AFG1)

III

(AFG1)

IV

(none)

Maize 34 24 2 NDb 8 ,0.001

Moringa seed 5 3 1 ND 1 0.449

Peanut 10 8 1 ND 1 0.007

a Two-tailed Fisher’s exact test comparing number of isolates by

aflatoxin chemotype.
b ND, not detectable.
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DISCUSSION

This study is the first updated evaluation of the

mycobiota colonizing Haitian maize, peanut, and moringa.

The only peer-reviewed study on Haitian TF was carried out

in 1983 and 1984 and focused only on maize (8). Recent

studies have been conducted on AF contamination in Haitian

maize samples (30, 35); however, mycological analyses and

the toxigenic potential of isolated Haitian fungi have not

been reported. The mycobiota found in Haitian samples was

generally similar to that found in other nearby Latin

American and Caribbean countries (1, 9).
In the Haitian maize samples, the high Aspergillus spp.

prevalence is consistent with the well-demonstrated condu-

cive conditions for Aspergillus spp. infection occurring

frequently in tropical latitudes (19). The second potential TF

taxon isolated from Haitian maize was FFSC, which

includes prolific producers (Fusarium verticillioides and

Fusarium proliferatum) of Fusarium toxins, e.g., fumoni-

sins, frequently associated with maize worldwide (23, 25,
40). The differences among maize samples in fungal

contamination levels seem to be due to the effect of

location. Location could be considered the interaction of

factors such as weather, agronomic practices, storage

conditions, and fungal population characteristics (41). Local

effects shaped the contamination patterns of Aspergillus spp.

and FUS, similar to findings previously reported from

studies of mycobiota in maize (11).
Climatic conditions and agronomic factors can influence

the incidence of Aspergillus spp. (24) and FFSC (41) in crops.

Among the inventoried practices, the only one that resulted in

a significant effect on IFs was the GSL; GSL was positively

correlated with ASF IF. Therefore, the prolonged presence of

maize in the field, with climatic conditions and kernel

moisture favorable to fungal growth, caused the increase in

ASF contamination levels. Such results have been reported by

several authors in other countries (7, 18, 45).
Maize samples in the present study were contaminated

by AF at a similar level as reported previously in studies of

Haitian maize (8, 30, 35). The median AF accumulation was

more than 20 lg/kg, which is the U.S. Food and Drug

Administration regulatory limit. The specificity, accuracy,

and precision of the rapid ELISA did not permit a deep

analysis of AF accumulation in samples compared with

liquid chromatography methods, but the ELISA provided

important baseline data for further analyses of AF

contamination in Haitian crops. More work on the

agronomic factors influencing the occurrence of TF in

maize grown in Haiti is needed considering the optimal GSL

and the typical Haitian bimodal rainfall pattern.

Evaluation of the general mycobiota in moringa seeds

revealed that these seeds were highly contaminated with

Aspergillus spp. This finding is the first report of TF

contamination in moringa seeds. The prevalence of ASF in

moringa seeds was high, and the consequent accumulation

of AFs was verified in AF quantification assays. As the first

report of the contamination of moringa seeds with AFs, the

present study highlights safety concerns associated with

these seeds, which people in Haiti commonly consume (21).

The general mycobiota found in Haitian peanut samples

is similar to that previously reported, i.e., contamination

with several fungal taxa (15, 29, 43, 47). The potential

toxigenic mycobiota mainly consisted of Aspergillus spp.

The prevalence of both ASF and ASN was influenced by

local environmental factors (4). In the present study, the

effect of harvest time on ASF contamination was significant.

Harvesting peanuts without delay could be one of the best

strategies, in addition to avoiding plant stress due to drought

and pests, for reducing ASF infection and subsequent AF

contamination of the seeds (28, 38).
A large percentage (80%) of wild Haitian ASF strains in

this study were toxigenic, especially those isolated from

maize and peanuts, in agreement with previous reports on

Latin American ASF strains (3, 32). The most frequent AF

chemotype was that producing only AFB1, confirming the

dominance of this group in maize and peanuts (6, 37).
Although colonization by different ASF species was not

investigated in detail in the present study, Haitian conditions

clearly favored toxigenic ASF strains over atoxigenic strains

(11). Some ASF strains produced both AFB1 and AFG1.

These results could lead to more research into the ecology

and biodiversity of toxigenic Haitian mycobiota associated

with crops. Species identification will allow researchers to

determine whether such chemodiversity is confirmed, e.g.,

by finding other toxigenic species of ASF such as A. nomius
or A. parasiticus in addition to the more ubiquitous A. flavus.

Understanding the distribution of A. flavus and A. para-
siticus in foodstuffs is important for determining accurate

toxicological risks because each species might present a

specific toxic profile (5).
In conclusion, the present study has provided for the

first time information on the mycobiota of maize, peanuts,

and moringa seeds in one of the main food production areas

in Haiti. Constant monitoring of Haitian foodstuffs,

particularly cereals and nuts, must be maintained given the

frequency and levels of TF contamination found in the

present study. In general, good agricultural practices can

help reduce mycotoxins and the TF contamination in crops

exposed to variable environmental conditions during growth

in the field. More effort should be made to improve storage

practices and food processing to minimize economic losses

and reduce hazards to human health due to mycotoxin

contamination. Further exploration of simple and accessible

farming strategies for minimizing mycotoxin contamination

in crops will be essential in Haiti where AF exposure risk is

high and poverty is widespread.
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