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Abstract 

The aim of this study was to assess mycotoxin contamination of crops grown by rural subsistence 

farmers over two seasons (2011 and 2012) in two districts, Vhembe District Municipality (VDM, 

Limpopo Province) and Gert Sibande District Municiality (GSDM, Mpumalanga Province) in northern 

South Africa and to evaluate its impact on farmers’ productivity and human and animal health. A total 

of 114 maize samples were collected from 39 households over the two seasons and were analysed using 

a validated LC-MS/MS mycotoxins method. Aflatoxin B1 (AFB1) occurrence ranged from 1 to 133 µg 
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kg
-1 

in VDM while AFB1 levels in GSDM were less than 1.0 µg kg
-1 

in all maize samples. Fumonisin B1 

(FB1) levels ranged from 12 to 8514 µg kg
-1 

(VDM) and 11-18924 µg kg
-1 

(GSDM) in 92% and 47% 

positive samples respectively, over both seasons. Natural occurrence and contamination with both 

fumonisins and aflatoxins in stored home-grown maize from VDM was significantly (p < 0.0001) higher 

than from GSDM over both seasons. 

 

 

 

Keywords: maize, multi-mycotoxin, aflatoxins, fumonisins, liquid chromatography-tandem mass 

spectrometry (LC-MS/MS), subsistence farmers. 

Introduction 

Mycotoxins are toxic chemical compounds produced by some fungal species (usually Aspergillus, Penicillium 

and Fusarium) which may contaminate human food and animal feed (Proctor 1994). Aflatoxins, deoxynivalenol 

(DON), fumonisins, ochratoxin A (OTA), and ergot alkaloids are some of the most important mycotoxins that 

adversely affect human and animal health (Bennett and Klich 2003). Some mycotoxins such as fumonisins, DON 

and ergot alkaloids are produced before harvest, whereas aflatoxin production occurs both in the field and during 

storage (Bhat and Vasanthi 2003). Aflatoxins and fumonisins are the most important mycotoxins produced by 

major food–borne fungi in sub-tropical and tropical climates (Shephard et al. 2004). They have been 

demonstrated to be responsible for production loss of staple crops such as maize, peanuts and other grains in  

most of Africa, due to climatic and agro-ecological factors which favour their growth (Shephard 2008). Lack of 

awareness about mycotoxins and the use of certain agricultural practices in processing and preserving crops may 

also be responsible for fungal growth and mycotoxin production (Moss 1996). Developing countries generally 

face food insecurity and socio-economic problems associated with poverty and thus in most African countries, 

food insecurity frequently overrides food safety concerns (Shephard 2003). 

It is well-known that agriculture is one of the most important contributors to the livelihoods of rural 

populations in developing countries. Southern Africa is a large maize producer and the crop is a staple diet for 

rural populations in the region compared to other cereal crops (Shephard et al. 2007). These crops are 

unfortunately among the most vulnerable to fungal infection and subsequent mycotoxin contamination (Schmale 

III et al. 2009; Williams et al. 2004 and Kamika et al. 2014). There is however a dearth of research into 

mycotoxin contamination of home-grown maize among rural subsistence farmers. Consequently it is imperative 

to investigate mycotoxin contamination in order to improve the phytosanitary conditions of crops grown and 

stored by rural subsistence farmers. Mycotoxin contamination affects all foods and animal feed types differently 

depending on the inherent level of carbohydrates each have (Makun et al. 2012). Mycotoxin contamination 

occurs throughout the food chain. The interaction between the fungus, its plant host and the environment, 

determines the type and level of mycotoxin produced and the type of food-crops affected (Pitt 2000). 

South Africa’s climate in certain areas as well as socio-economic factors may favour the growth of 

mycotoxin producing fungi (Katerere et al. 2008a). The severity of mycotoxicosis depends on the potency of the 
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toxin, the duration and amount of exposure to the individual, the age and dietary status of the individual and 

possible synergistic effects with other chemicals (Bankole and Adebanjo 2004). Prevalence of mycotoxins in 

food has been attributed to climatic conditions conducive to fungal growth, i.e. high humidity and tropical 

temperatures (Katerere et al. 2008b). In South Africa there have been various media reports of extremely high 

levels of aflatoxins (272 µg kg
-1 

total AF and 165 µg kg
-1 

AFB1) in peanut butter consumed by Primary school 

children in the Eastern Cape as part of the Primary Schools Nutrition Programme (PSNP) (Medical Research 

Council 2006). During an outbreak of animal aflatoxicosis in South Africa in 2011, over 220 dogs died after 

consuming pet food having contaminated with up to 4946 μg kg
-1 

AFB1 (Arnot et al. 2012). Chronic toxicity 

results in poor food intake, vomiting, stunted growth and weight loss in animals (Bankole and Adebanjo 2004). 

Aflatoxin ingestion has severe toxic effects on the internal organs, tissues and compromises the reproductive 

capabilities of animals (Dilkin et al. 2003). 

High levels of fumonisin contamination in maize have been reported in African countries. Maize 

samples from different locations from 2008 and 2009 seasons in South Africa were contaminated with  

fumonisins at a maximum FB1 level of 11624 μg kg
-1 

(Boutigny et al., 2012). In one study over 90% of cereals 

and cereal-based samples from Eastern and Southern Africa were found to be contaminated with fumonisins at 

levels ranging from 20 μg kg
-1 

to 2735 μg kg
-1 

by Doko et al. (1996), Zimbabwean and Tanzanian maize samples 

have been found with significantly high levels of FB1 up to 6000 μg kg
-1 and 6125 μg kg-1 

respectively 

(Gamanya and Sibanda 2001; Kimanya et al. 2008). Higher levels of fumonisins in samples from Limpopo 

compared to Mpumalanga have been reported by Ncube et al. (2011). Exposure in some cases was found 

exceeding the provisional maximum tolerable daily intake (PMTDI) of 2 μg kg
-1 

bw/day set by the Joint 

FAO/WHO Expert Committee on Food Additives due to high levels of fumonisins in maize (Bolger et al. 2001). 

The primary aim of this study was to investigate aflatoxin and fumonisin contamination of maize grown 

by subsistence farmers in two provinces of South Africa which are neighboring Zimbabwe and Swaziland. A 

multi-mycotoxin analytical method was used so as to also cater for the possibility of the presence of other toxins 

which have been less reported on in South Africa. It is well known that food and feed can be contaminated by 

several different mycotoxins. Liquid Chromatography coupled to Mass Spectrometry (LC-MS/MS) methods are 

now widely used analytical techniques for the simultaneous detection and quantification of multiple mycotoxin 

contamination (Sulyok et al. 2006; Spanjer et al. 2008; Streit et al. 2013). LC-MS/MS allows for sensitive and 

specific multi-mycotoxin analysis without time consuming sample preparation i.e. extraction, clean-up, pH 

modification and pre-concentration of analytes (Sulyok et al. 2010; Mol et al. 2008). 
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Materials and methods 

Sampling and data collection 

Ethical approval for the study was obtained from the South African Medical Research Council (MRC) in May 

2011. Twenty subsistence farmers from villages in Gert Sibande District Municiality (GSDM, Mpumalanga 

Province) and nineteen farmers from villages in Vhembe District Municipality (VDM, Limpopo Province) were 

randomly selected. The farmers were recruited for the study with the assistance of Mpumalanga government 

officials and in VDM with a local headman. Samples were collected from the households approximately six 

weeks after the crops were harvested, in July 2011 and 2012. Households had varying forms of storing produce 

(e.g. steel tanks, polypropylene sacks and wooden cribs) and samples were obtained from each of these. 

Numbers of samples collected were uneven, based on availability and different storage forms in each household. 

A total of 114 maize samples (of approximately 500 g each), were collected using a standard collection protocol 

and stored in cloth bags. White, yellow or mixed samples of maize were collected from VDM (n=29 and n=23 

for each season) and GSDM (n=31 for each of both seasons). Samples were shipped to the laboratory in Cape 

Town, where they were milled and subsampled. Duplicate samples (~100 g each) were sent to RIKILT Institute 

of Food Safety in the Netherlands, which is accredited according to ISO 17025, for analysis with a validated 

multi-toxin analytical LC-MS/MS method (Van Asselt et al. 2012). 

Chemicals and reagents 

All chemicals and reagents used in this study were of LC analytical grade. De-ionized water was purified with a 

Millipore Milli-Q system from Merck (Darmstadt, Germany). Methanol, acetonitrile and LC/MS-grade water 

were obtained from Biosolve (Valkenswaard, the Netherlands). Acetic acid was obtained from Merck 

(Darmstadt, Germany). Formic acid (99-100%), ammonium formate and internal standard (IS) 
13

C-Caffeine 

(10μg ml
-1

; 99%) were purchased from Sigma-Aldrich (Zwijndrecht, The Netherlands). 

Reference Standards 

Mixed mycotoxin standard solutions, containing 37 individual mycotoxins were purchased from Biopure, 

(Romerlabs, Austria), Sigma-Aldrich (Zwijndrecht, The Netherlands) and MRC, former PROMEC Unit, Cape 

Town, South Africa. A stock solution was made using acetonitrile from which different working solutions were 

prepared for instrument calibration. The multi-analyte standard solutions were termed (1v) with 10 mycotoxin 

components and (2v) consisting of 27 mycotoxin components (Table 1). All standard stock and working 

solutions were stored in amber vials at +4°C in the dark and given a shelf life of six months. Before use, the 

standards were equilibrated to room temperature. 

Analytical method validation 

A calibration curve consisting of six matrix-matched standards (MMS) was used to compensate for matrix 

effects in the analysis. The calibration curve was prepared by spiking six aliquots of 250 µl from the control 

blank matrix extract with increments of known analyte concentrations. During the LC-MS/MS analysis, one 

matrix matched standard (MMS 4) was repeatedly injected after 8-10 sample injections and used as a bracketed 

calibration solution. The calibration concentrations ranged from 0 – 62.5 ng ml
-1 

for fumonisins and 0-3.125 ng 

ml
-1 

for aflatoxins. Other mycotoxins were diluted accordingly. The extracts were spiked at different 
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concentrations with two multi-analyte standard solutions (125 µl (1v): 500 µl (2v): 1375 µl H2O; v/v/v) to obtain 

different MMS series concentration levels and diluted with dilution solvent (625 µl of 84% ACN + 1375 µl H2O; 

v/v). The dilution and extraction solvent contained acetonitrile (ACN) instead of methanol, because it reduced  

the co-extraction of sample matrix components. Spiking of test samples was done to determine the recoveries of 

all analytes. 

Sample extraction and preparation 

Maize samples were finely ground (1mm particle diameter using a Retsch® mill from Haan, Germany) carefully 

avoiding cross-contamination and stored in the refrigerator at 4°C. Approximately 2.5 g ± 0.02 g of each maize 

sample was weighed in duplicate into 50 ml polypropylene Greiner tubes (Sigma-Aldrich, Zwijndrecht, The 

Netherlands). Internal standard (25 µl, 10 µg ml
-1 13

C-caffeine) followed by 10 ml of extraction solvent 

(acetonitrile: H2O: formic acid; 84:16:1%; v/v/v) was added and the resulting mixture was shaken by hand. 

Samples were subsequently extracted on a horizontal shaker (Edmund Bühler SM30, Hechingen, Germany) at 

200 cycles / min for 2 hours and then centrifuged using an MSE Falcon 6/300 centrifuge (Lower Sydenham, 

London, UK) at 3000 rpm for 10 min. A 250 µl aliquot extract from each sample was transferred into auto- 

sampler vials with a built-in syringeless filter device (Mini-UniPrep, 0.45 μm, Whatman, Forham Park, NJ, 

USA) and diluted with 250 µl dilution solvent (26.25% of acetonitrile in H2O; v/v), capped and vortexed for 

approximately 3 seconds and then stored at 4°C for 30 minutes. Samples were then filtered by using a six 

position compressor (Whatman,‘s-Hertogenbosch, The Netherlands). Subsequently samples were stored at 4°C 

until analysis. Before injection samples were brought to room temperature. 

Multi-mycotoxin analysis 

Chromatographic separation was performed on a Restek Ultra Aqueous C18, 3 µm, 100 x 2.1 mm i.d. LC 

column (Restek Corporation, Bellefonte, USA) maintained at 35 °C. Mycotoxin separation was achieved using a 

gradient elution composed of eluent A and eluent B at 0.4 ml min
-1 

flow rate. Eluent A: 100% H2O with 1 mM 

ammonium formate and 10 ml of 1% formic acid. Eluent B: H2O: methanol (5:95; v/v) containing 1 mM 

ammonium formate and 10 ml of 1% formic acid solution. The gradient started at 100% A for 1 min and was 

linearly changed to 50% A and 50% B after 3 min. The proportion of B was increased linearly to 100% within 

the next 10 min. Finally, the gradient returned to 100% A over 10.5–15 min followed by an equilibration of 2 

min before the next injection. The LC-MS/MS system used was a Shimadzu ‘Prominence’ HPLC (Shimadzu 

Europa GmbH, Duisburg, Germany) connected to an AB Sciex QTRAP® 5500 (Applied Biosystems, Bleiswijk, 

The Netherlands) mass spectrometer. 

Data processing 

All LC-MS/MS data acquired were processed using the ANALYST
®–MultiQuant software (AB SCIEX) and 

quantified using Microsoft™ Excel. Quantitation of analytes was performed against matrix matched standards. 

All mycotoxins were identified according to their retention times and the product ion ratios between two 

transitions viz., the quantifier and the qualifier ions. 

Statistical processing of data 
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Data was subjected to statistical treatment with non-parametric analyses. Fumonisin and aflatoxin concentrations 

found in maize from Vhembe and Gert Sibande districts in 2011 and 2012 were compared using the non- 

parametric Wilcoxon Rank Sum Test with statistical significance at 5%. Individual values between the two years 

and two districts using the LC-MS/MS were significantly different if p < 0.05. 

 

 

 

 

Results and Discussions 

Validation of fumonisins and aflatoxins 

The limit of quantitation (LOQ) was determined from a signal to noise (s/n) ratio of 10:1, the lowest matrix- 

matched standard concentration in spiked samples. The LOQ was 10 µg kg
-1 

for all fumonisins and 1.0 µg kg
-1 

for aflatoxins B1 and B2 and 2.0 µg kg
-1 

for G1 and G2. Recoveries for each mycotoxin were determined by 

spiking 3 blank samples at a low concentration (1.0 µg kg
-1 

AF and 20 µg kg
-1 

FB) and at a high concentration 

(5.0 µg kg
-1 

AF and 100 µg kg
-1 

FB). Recoveries were calculated by comparison the response obtained for each 

mycotoxin with that of known spiked mycotoxin levels, expressed as a percentage. The recoveries of the 

aflatoxin analysis ranged from 75-104% while the recoveries of the fumonisin analysis ranged from 85-95% 

(Table 2). Linearity (R)
2 
for aflatoxins was > 0.9992 and >0.9993 for fumonisins. 

Occurrence of fumonisins 

Fumonisin B1 contamination was found in 92% (48 of 52) of VDM samples with concentrations ranging from 12 

to 8514 µg/kg
-1 

in 2011 (25/29) and 10 - 1584 µg/kg
-1 

in 2012 (23/23) (Table 3). In South Africa currently there 

are no regulations governing fumonisin contamination in food or feed. The European Commission has set a 

maximum regulatory limit of 1000 µg kg
-1 

(sum of FB1 and FB2) for maize products intended for human 

consumption (EC 2007). Maize-based food for infants and young children is regulated at the lower fumonisin 

(sum of FB1 and FB2) limit of 200 µg kg
-1 

(EC 2006). Maize samples (n = 10) above the European Commission 

regulation maximum limit, ranged from 1010 - 12168 µg kg
-1 

(n = 7) in 2011 and 1284 - 2255 µg kg
-1 

(n = 3) in 

2012. There was no significant difference (p > 0.05) in overall contamination between the two seasons for FB1, 

FB2 and FB3 in maize. Samples from household no. 8 had the highest levels of FB1 (8514 µg kg
-1 

in 2011 and 

1584 µg kg
-1 

in 2012), while aflatoxins were not detected in both seasons. Two samples were collected in 2011, 

sample one (8514 µg kg
-1

) was sorted (mouldy) maize kernels stored for animal feed and sample two (1575 µg 

kg
-1

) was considered as good for human consumption. This household is at obvious risk from fumonisin 

contamination. Most rural areas in Africa practise sorting of maize kernels: what is visibly considered good 

maize is used for human consumption and the mouldy or damaged maize is used for brewing beer and /or as 

animal feed (Kimanya et al. 2008; Matumba et al. 2011). However sorting by visual selection is not fully safe. 

High levels of fumonisins in maize (maximum levels of 7900 μg kg
-1 

FB1) have been found in maize that 

visually was considered as good to eat (Shephard et al. 2007). A study done by Fandohan et al. (2005) on maize 

in Benin, found that sorting and winnowing reduced mean aflatoxin and fumonisin levels from 6.57 μg kg
-1 

to 

2.67 μg kg-1 
and 4800 μg kg

-1 
to 1500 μg kg-1

, respectively. 
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For both seasons in GSDM, fumonisin B1 was detected in 47% (29/62) maize samples (range 12 - 2732 

µg kg
-1

; 11/31 in 2011) and 18/31 samples (11 - 18924 µg kg
-1 

FB1 in 2012) (Tables 3). Samples (n = 3) 

exceeding the EC regulation were at 1762 and 4598 µg kg
-1 

(n = 2) in 2011 and a very high 26115 µg kg
-1 

(n = 

1) in 2012. The overall fumonisin contamination was significantly different (p < 0.05) between the two growing 

seasons. Two samples were collected from household 9 in 2012. Sample one showed extremely high levels of 

fumonisin contamination (18924 µg kg
-1 

FB1) while the second sample was below LOQ (<10 µg kg
-1

). The first 

sample was collected from an enclosed polystyrene bag while the second sample was stored on an open 

corrugated iron sheet. The sample collected in 2011 was contaminated with fumonisin at lower levels (<10 µg 

kg
-1

). It was not possible to explain exactly what caused this extremely large difference between the two seasons 

but this is the reason why surveillance studies should be conducted over several seasons to give a true reflection 

of incidence (Boutigny et al. 2012; Gamanya and Sibanda 2001). 

Occurrence of aflatoxins 

Aflatoxins were detected in 21% (6/29) samples ranging from 1 - 149 µg kg
-1 

in 2011 and 30% (7/23; 1 - 144 µg 

kg
-1

) total aflatoxins in 2012 from samples collected from VDM (Table 3). Aflatoxin B1 contamination ranged 

from 1-133 µg kg
-1 

(2011) and 1-73 µg kg
-1 

(2012). The highest aflatoxin levels in contaminated samples were 

attributed to aflatoxin B1, which is the most toxic analogue. There was no significant difference (p > 0.05) 

between 2011 and 2012 in AFB1, AFB2, and AFG2. Three samples were highly contaminated in 2011 (67, 70 and 

133 µg kg
-1 

AFB1) and two in 2012 (23, 39 and 73 µg kg
-1 

AFB1). Two households consistently showed high 

AFB1 contamination over both seasons in 2011 with 133 µg kg
-1 

(FB1 was 1502 µg kg
-1

); 67 µg kg
-1 

AFB1 (174 

µg kg
-1 

FB1) and in 2012 (73 µg kg
-1 

AFB1 with 522 µg kg
-1 

FB1; 23 µg kg
-1 

with 640 µg kg
-1 

FB1), respectively. 

The household with the second highest AFB1 (39 µg kg
-1

) in season 2 contained the highest AFG1 (93 µg kg
-1

) 

contamination. Aflatoxin contamination is regulated in South Africa in all food stuffs at 5 μg kg
-1 

AFB1 and 10 

μg kg
-1 

total AF (Rheeder et al. 2009). This is similar to the EU (EC 2010). 

Eight of the thirteen AFB1 contaminated samples from VDM contained levels far above the RSA and 

EU regulated limits. AFB1 was the dominant analogue while AFG1 was found in higher concentration levels 

compared to AFB2 and AFG2. This correlates well with other studies where AFB1 and AFG1 in food and feed are 

the prevalent toxins (Pitt et al. 2000; Aljicevic et al. 2008). In season 1, none of the maize samples from GSDM 

was contaminated with aflatoxin B1, B2 or G1 above the LOQ. However, surprisingly 10 samples showed AFG2 

presence above the LOQ (2.0 µg kg
-1

) with a mean concentration of 39 µg kg
-1 

(Table 3). This was an unusual 

finding. Two samples in season 2 were contaminated with aflatoxins (1 and 2 µg kg
-1 

AFB1). 

Occurrence of other mycotoxins 

Besides these 2 mycotoxins, other mycotoxins were detected in the samples in this study (Table 3). While 

GSDM samples were contaminated with other multiple toxins including DON, 15-acetyl-DON, ZEN, 

beauvericin (BEA) and moniliformin (MON), VDM samples were contaminated with citrinin and nitropropionic 

acid. Only BEA was detected in both districts during both seasons. The co-occurrence of a wide variety of 

mycotoxins in maize commodity increases the probability of interactions leading to additive or synergistic  

effects which may increase the risk to human health (Alborch et al., 2012). The presence of OTA, trichothecenes 
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and zearalenone (ZEN) has been established in countries from Africa including in South Africa (Bankole et al., 

2006; Rodrigues et al. 2011; Makun, et al. 2013). 

Environmental conditions play an additional contributing factor in the fields used for cultivation before 

harvest. From the meteorological services we established that average seasonal temperatures in both VDM and 

GSDM in 2011 were about 25°C, with relative humidity exceeding 80 % and 106 mm and 60 mm rainfall, 

respectively. In the second season, VDM and GSDM had an average temperature of 27°C and 28°C, a relative 

humidity of 78% and 83% with lower rainfall of 48 mm and 50 mm. These parameters are known to encourage 

mycotoxin production in addition to inappropriate sanitation and storage practices. It was also noteworthy that 

VDM had a higher rainfall to GSDM in 2011.Higher contamination levels may be attributed to poor grain 

storage practices. 

Contamination may be attributed to climatic factors, and poor sanitation and storage practices. Samples 

from VDM were highly contaminated with both AF and FB compared to GSDM. Fumonisins and aflatoxins  

have been reported by Kimanya et al. (2008) to commonly co-occur in maize grain, as was the case in this study. 

Aflatoxin positive samples originated from VDM only, with contamination levels exceeding both the RSA and 

EU maximum limits. Statistically, there was no significant difference in the fumonisins and aflatoxin 

contamination levels found in VDM maize samples for the two seasons. Other important mycotoxins such as 

BEA, ZEN, DON, 15-acetyl-DON, MON and OTA were found mainly in GSDM samples. Regular consumption 

of home-grown maize containing mycotoxins may cause acute or chronic toxicity. Further surveillance studies 

need to be conducted to establish a baseline for development of intervention studies aimed at reducing the risk of 

contamination in these resource-poor areas. 

 

 

 

Conclusion 

 

Home-grown maize from parts of northern South Africa was shown to be contaminated with fumonisins 

and aflatoxins. There was also high prevalence of beauvericin, zearalenone, DON, 15acetyl-DON, moniliformin 

and ochratoxin A. Samples collected from VDM were more contaminated with both AF and FB compared to 

samples from GSDM. Aflatoxin positive samples originated from VDM only, with contamination levels 

exceeding both the RSA and EU maximum limits. Contamination during both seasons in these villages may be 

attributed to a combination of climatic factors, poor crop sanitation and inappropriate storage practices. Further 

studies need to be conducted to reduce consumer’s risk in these resource-poor areas as to maintain a basic level 

of food safety. 
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Table 1: Concentrations of multi-component mixtures (1v) and (2v) for LC-MS/MS spiking. 

 

 
Components (1v) 

Spiking level 

(ng ml
-1

) 

 
Components (2v) 

Spiking level 

(ng ml
-1

) 

Citrinin 187.5 15-acetyl-deoxynivalenol 500 

Fumonisin B1 125 Aflatoxin B1 6.25 

Fumonisin B2 125 Aflatoxin B2 6.25 

Fumonisin B3 125 Aflatoxin G1 6.25 

Moniliformin 156.25 Aflatoxin G2 6.25 

Beauvericin 25 Agroclavine 6.25 

Enniatin A 125 Alternariol 125 

Enniatin A1 125 Alternariol methylether 31.25 

Enniatin B 125 Citreoviridin 500 

Enniatin B1 125 Deoxynivalenol 1250 

  Diacetoxyscirpenol 125 

  Fumagillin 500 

  HT-2 125 

  Mycophenolic acid 500 

  Neosolaniol 125 

  Nitropropionic acid 125 

  Ochratoxin A 62.5 

  Penicillic acid 625 

  Roquefortine C 25 

  Sterigmatocystin 25 

  T-2 125 

  Verruculogen 2500 

  Zearalenone 62.5 

  α-Zearalenol 312.5 

  ß-Zearalenol 312.5 

  Nivalenol 625 

  Deoxynivalenol-3-glucoside 250 
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Table 2: Method validation parameters. 
 

Mycotoxin Rt
a
 Recoveries (%) R

2
 

 

  

min. MMS-low
b

 MMS-high
c
 

 

AFB1 5.0 90 96 0.9992 

AFB2 4.8 104 93 0.9999 

AFG1 4.4 92 95 0.9996 

AFG2 4.3 75 96 0.9993 

FB1 5.4 95 85 0.9993 

FB2 6.2 91 87 0.9997 

FB3 5.9 90 90 0.9993 

a 
Retention time. 

b 
Matrix-Matched Spike of 1.0 µg kg

-1 
AF and 20 µg kg

-1 
FB. 

c 
Matrix-Matched Spike of 5.0 µg kg

-1 
AF and 100 µg kg

-1 
FB. 

 



 

Table 3: Summary of multi-mycotoxin concentrations of positive maize samples from GSDM 

and VDM for 2011 and 2012. 
Region\year 

s GSDM 2011 GSDM 2012 VDM 2011 VDM 2012 

(+ve 

)a Mea 

 

 

 

 
 

Max 

LO 

Q 

µg 

kg-
 

Mycotoxin nb c 1 
 

Deoxynivale             10 

nol             0 

        <l <lo 0    

15acetyldon 10 99 219 2 183 214 0 oq q  <loq <loq 50 

Aflatoxin B1 0 <loq <loq 2 1 2 6 48 133 7 20 73 1 

  <loq <loq  <loq <lo    1    

Aflatoxin B2 0  

<loq 

 

<loq 

0  

<loq 

q 

<lo 

5 6 15  

3 

5 5 1 

Aflatoxin G1 0   0  

<loq 

q 

<lo 

2 18 33  

2 

43 93 2 

Aflatoxin G2 10 39 93 0  q 1 4 4  7 12 2 

      189  72 851 23  158  

Fumonisin B1 11 545 2732 18 1088 24 25 0 4  279 4 10 

      719  31 365 19    

Fumonisin B2 9 329 1866 7 1052 1 20 9 4  122 671 10 

      215  15 103 15    

Fumonisin B3 9 94 374 4 549 8 

<lo 

15 0 

<l 

5 

<lo 

 

0 

49 

<loq 

168 

<loq 

10 

Ochratoxin A 7 208 433 0 <loq q 0 oq q    2.5 

     <loq <lo  <l <lo 0 <loq <loq  

HT2 toxin 2 125 147 0  q 0 oq q    25 

     <loq <lo  <l <lo 0 <loq <loq  

T-2 Toxin 2 56 65 0  q 0 oq q    10 

     <loq <lo  <l <lo 0 <loq <loq  

Α-Zearalenol 4 14 37 0  q 0 oq q    5 

        <l <lo 0 <loq <loq  

ß-Zearalenol 3 14 17 0 <loq 3 0 oq q    5 

        <l <lo 1    

Zearalenone 13 87 428 4 44 11 0 oq q  8 8 5 

      732    2    

Beauvericin 24 568 3061 14 747 2 3 54 65  131 237 25 

  <loq <loq  <loq <lo  35  0 <loq <loq 15 

Citrinin 0   0  q 3 4 653    0 

 
15 

 

 

12 

 

313 

 

996 

 

5 

 

755 

295 

0 

 

0 

<l 

oq 

<lo 

q 

1  

220 

 

220 

 

 M  

(+ve Mea Max (+v Mea Ma (+v ea Ma 

)a nb c e)a nb xc e)a nb xc
 

 



 

 

 

 

 

 

 

 

 

 

Number of maize samples collected, GSDM (n = 31 in 2011 and 2012) and VDM (n = 29, 2011 and n = 23 in 

2012); (+ve) = number of samples ≥ LOQ. 

a 
Number of contaminated maize samples with FB1 and/or AFB1 ; 

b
Average concentration of toxin (µg kg

-1
) ; 

c
Maximum concentration of toxin (µg kg

-1
).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 
 

 

 
 

 

 <l <lo 0 <loq <loq 12 

Moniliformin 19 760 4916 8 378 891 0 oq q    5 

Nitropropioni     <loq <lo  15 112 3   10 

c acid 1 125 125 0  q 11 6 2  348 731 0 

        <l <lo 0   35 

Nivalenol 3 586 883 3 596 777 0 oq q  <loq 24 0 
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