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Fumonisins produced by F. verticillioides and F. proliferatum cause mycotoxicoses in horses, swine and rats 

and have been associated with oesophageal cancer in humans. Accurate measurement of mycotoxins is essen- 

tial for determining the safety of grain and their products for consumption. Four sources of variation were stud- 

ied, namely sub-sample size, variation within a single maize sub-sample, number of replicates and toxin 

detection techniques used by independent laboratories. Variation in detected fumonisin levels within a single 

maize sample was high using the 25 g sub-samples proposed in the Neogen Veratox protocols. A 250 g sub- 

sample significantly reduced variation in fumonisin levels of samples. An incremental increase in sample size 

also improved the number of positive samples recorded. Increasing the number of replicates using the recom- 

mended sub-sample size (25 g) did notreduce variation except when the sample had high fumonisin levels. 

Improved accuracy was recorded when a 250 g sub-sample was used in conjunction with increased replicates. 

Data from laboratory analyses indicated that ELISA reactions (Agricultural Research Council – Grain Crops 

Institute) correlated significantly with HPLC results of the Medical Research Council (MRC), but neither of these 

correlated with results from an independent laboratory. Concentrations determined using ELISA were consist- 

ently higher than those from the HPLC (MRC) technique. Quantification technique, sample size, replicate 

number and laboratory where analyses are conducted, appear to be important sources of variation for quantifi- 

cation of fumonisins. 
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Introduction 

Maize (Zea mays L.) is an important nutrient source for 

humans and livestock worldwide and the screening of meal 

for mycotoxins, and in particular, fumonisins caused by 

Fusarium verticillioides (Sacc.) Nirenberg and F. prolifera- 

tum (Matsushma) Nirenberg is important to ensure food 

safety. Identifying potentially dangerous grain or products 

and removing them from the food chain could reduce the 

impact of mycotoxin-infected grain on society. To date, sub- 

stantial mycotoxin research has been carried out but high var- 

iation  in  toxin  test  results  and  inaccurate  species 

identification (Janse van Rensburg et al. 2008) has con- 

founded statistical analysis of data. The grain sampling tech- 

nique used to ensure accurate estimates of mycotoxin 

contamination is critical. Since mycotoxin production is not 

homogenous, poor grain sampling procedures may result in 

highly infected grains escaping detection (Whitaker et al. 

2001). Alternately, coincidental sampling of contaminated 

grain in what otherwise is a relatively healthy grain sample 

can result in grain being unnecessarily discarded, with con- 

siderable economic implications (Whitaker, 2003). Whitaker 

(2006) states that sampling is usually the largest source of 

variability associated with the mycotoxin test procedure. 

Sampling together with preparation and analytical methods 

contribute to the total variation associated with any test pro- 

cedure (Whitaker, 2006). 

A variety of fumonisin detection methods have been pro- 

posed but results are often variable. Methods of fumonisin 

detection include capillary gas chromatography, thin layer 

chromatography (TLC), Neogen Veratox, which uses direct 

competitive, enzyme-linked, immunosorbent assay (ELISA), 

capillary electrophoresis with mass spectrometry and high- 

performance liquid chromatography (HPLC) (Dilkin et al., 

2001;  Betancourt  et  al.,  2006;  Krska  &  Welzig,  2006). 

ELISA, TLC and HPLC have different levels of sensitivity 

and also differ in cost and time required for analysis. Subse- 

quent to 1990 the Association of Official Analytical Chemists 

(AOAC) officially-approved method of testing for mycotox- 

ins was the TLC technique, which was recently replaced by 

the HPLC technique (Sydenham et al., 1996). 

The ARC-Grain Crops Institute (ARC-GCI) uses the 

ELISA-Veratox protocol because it allows for rapid screen- 

ing of a large number of samples and is a cost-effective tech- 

nique. However, ELISA fumonisin test results vary 

considerably, even within single samples. Reduced variation 

in the overall fumonisin testing procedure could ensure that 

the mycotoxin concentration of the primary sample is esti- 

mated with more confidence and accuracy (Whitaker et al., 

1998) and reduce the risk of false positives or negatives, with 

the concomitant financial implications for producers and 

processors. The aim of this study, therefore, was to address 

variation associated with sampling of maize grain by identify- 

ing sources of variation and improving sampling methods. 

Four sources of variation were studied, namely sub-sample 

size, variation within a single sub-sample, number of repli- 

cates and toxin detection techniques used by independent lab- 

oratories. 

 
Material and methods 

In April 2004, nineteen, random-aggregate maize samples of 

50 kg were collected from South African silos at sixteen 

localities in the dry western area (western Free State and 



   

 

 

 

North-West provinces). A further seven samples were col- 

lected at six localities in the wetter eastern maize production 

area (eastern Free State, Gauteng, Mpumalanga and Kwa- 

Zulu Natal). Sampling was conducted by removing approxi- 

mately 1 kg samples from a moving conveyer belt over a 

period of approximately two hours. Maize samples ranged 

from grade 1 to 3, based on the general maize grading system 

used locally (Anonymous, 2008). Samples included yellow 

and white maize, depending on availability at the time of col- 

lection. Samples were placed in a polyethylene bag and stored 

at 5ºC for approximately one month before fumonisin testing. 

Samples for further study were selected based on initial 

fumonisin levels as determined at the ARC-GCI, using the 

ELISA – Neogen Veratox quantitative fumonisin 5/10 test kit 

(Neogen Corp, Lansing, MI, USA) according to the manufac- 

turer’s instructions. Selection was based on 15 random sam- 

ples of 25 g each, which were drawn from each silo-sample 

and evaluated according to the standard protocol. 

 
Increased sub-sample size 

Five of the initial 50 kg silo samples with low to high fumon- 

isin concentrations were selected for this study, based on the 

above initial analyses. A series of grain sub-samples (25, 50, 

75, 100, 125, 150, 200, 250, 500, 750, 1000 g) were randomly 

drawn from each of the 50 kg samples. Sub-sampling from 

each respective mass class was replicated five times. Each 

sub-sample was individually milled in a Cyclotech 1093 sam- 

ple mill (with a 1 mm mesh sieve). The mill was thoroughly 

cleaned with high-pressure air between each sub-sample to 

prevent cross contamination of mycotoxins from the different 

sub-samples. A final 5 g aliquot was independently drawn 

from each of the milled sub-samples as specified in the 

ELISA-Veratox protocol (Anonymous, 2006) for fumonisin 

extraction and quantification. 

 
Variation within a single maize sub-sample 

Maize grain visibly infected with Fusarium spp. was col- 

lected from a farm in Vredefort (Free State Province). The 

visibly infected kernels were separated by hand while the 

apparently healthy grains were discarded. Five random sub- 

samples of 250 g each were taken from the visibly infected 

kernel sample. Each sample was milled and evaluated for 

fumonisin concentration using the ELISA-Veratox protocol 

(Anonymous, 2006). The sample had a mean fumonisin con- 

centration of 5.3 ppm. Grain from this sample was subse- 

quently used to spike a grain silo sample from 

Leeudoringstad, which had a low fumonisin level (0-1 ppm) 

as determined at the initiation of the study.Visibly infected 

grains were added at rates of 75%, 50% and 25% by weight to 

5 kg of Leeudoringstad grain and thoroughly mixed to ensure 

homogeneity. A visibly infected sample served as a control. 

Variation in fumonisin quantification within each spiked 

maize sample and the control was then determined. Twenty- 

one replications of 25 g samples from each of the 5 kg spiked 

sub-samples and the control were separately milled as previ- 

ously described. A 5 g aliquot from each 25 g milled sub- 

sample was analysed as described by the ELISA-Veratox pro- 

tocol (Anonymous, 2006). 

The entire procedure was repeated using 250 g sub-sam- 

ples, which were milled before 5 g aliquots were drawn for 

fumonisin testing. 

 
Number of replicates 

Data from the initial fumonisin tests were used to select grain 

from five localities with fumonisin levels varying from 0 - 7.5 

ppm,   i.e.   Bronkhorstspruit   (0   ppm),   Hartebeesfontein 

(1.7 ppm), Ventersdorp (2.3 ppm), Sannieshof (2.4 ppm) and 

Derby (7.5 ppm). Five random 25 g sub-samples were drawn 

from each of the initial 50 kg silo samples. Sub-sampling was 

repeated five times to obtain a total of 25 independent repli- 

cates. Each sub-sample was milled as described above and a 

final 5 g aliquot was taken for fumonisin quantification 

according to  the  ELISA-Veratox protocol. This procedure 

was repeated by drawing 25 replicates of 250 g each, from 

which a final 5 g aliquot was taken for fumonisin quantifica- 

tion. 

This study was repeated with fumonisin-contaminated 

grain, which was added at rates of 100%, 75%, 50% and 25% 

weight to 5 kg Leeudoringstad grain batches as described 

above. Twenty-five independent grain sub-samples of 25 g 

each were drawn, separately milled and a final 5 g aliquot was 

taken for fumonisin determination. This procedure was 

repeated by drawing 25 replicates of 250 g each, from which 

a final 5 g aliquot was taken for fumonisin quantification. 

 
Consistency between laboratories 

Two replications of 500 g milled maize of each of the five 

samples selected above were sent to the Medical Research 

Council - PROMEC (MRC) in Cape Town and an independ- 

ent, certified private laboratory for fumonisin analysis. MRC 

and the independent laboratory analysed the samples using 

the HPLC technique (Shephard, 2000). Two replicates of the 

same samples were evaluated for fumonisin concentration 

using the ELISA-Veratox protocol (Anonymous, 2006) at the 

ARC-GCI. 

 
Data analysis 

All data were analysed using Statgraphics Version 5.0. Non- 

linear regression analysis (Y=aXb) was used to quantify the 

relationship between maize sub-sample sizes, mean number 

of positive sub-samples (> 1ppm) and detected fumonisin 

concentrations. Fumonisin data for the 25 g and 250 g sam- 

ples were analysed by calculating the standard deviation and 

coefficient of variation (CV) for each spiked sample (100%, 

75%, 50% and 25%). CV’s were plotted against percentage 

spiked samples using linear regression analysis. Data from 

the respective laboratories were compared using correlation 

and regression analysis to quantify the relationship between 

the two techniques and repeatability between laboratories. 

 
Results 

 
Sub-sample sizes 

Analysis of variance indicated significant differences in 

fumonisin concentrations (P0.05) associated with the various 

samples sizes. No locality x sample-size interaction was 

recorded. Tukey-Kramer’s means separation indicated that 

variation in fumonisin concentration was high between 25 g 

and 200 g samples (Table 1) and there appeared to be no con- 

sistent separation of means within this range. At sub-sample 



   

 

 

 
sizes 250 g a more consistent quantification of fumonisins 

was recorded and no significant increase in detection effi- 

ciency was observed with sub-sample sizes > 250 g (Table 1). 

Non-linear regression (Y=aXb) with a R2=0.64 (P<0.05) indi- 

cated a significant relationship between the detected fumoni- 

sin concentration using the ELISA method and size of the 

grain sub-sample tested (Figure 1). A similar relationship 

(R2=0.81, P=0.001) was recorded between sample size and 

the recorded number of positive sub-samples. Use of 25 g 

sub-samples resulted in 23 of the 25 sub-samples being tested 

negative for fumonisins. In contrast, 250 g sub-samples 

resulted in 23 of the 25 sub-samples testing positive for 

fumonisins, with concentrations ranging from 1 - 17 ppm. 

 
Table 1 Fumonisin concentrations (ppm) determined using varying sub-samples (21) sizes prior to the application of the ELISA- 

Veratox protocol 
 

 

Locality 
 

25 g 
 

50 g 
 

75 g 
 

100 g 
 

125 g 
 

150 g 
 

200 g 
 

250 g 
 

500 g 
 

750 g 
 

1000 g 
 

Mean 

 
Hartebeesfontein 

 
0.00 

 
0.00 

 
0.26 

 
2.91 

 
1.41 

 
0.41 

 
1.50 

 
1.28 

 
3.27 

 
1.30 

 
2.63 

 
1.36a 

Derby 2.24 5.24 12.15 9.21 5.62 3.96 4.09 8.30 5.62 5.62 6.69 6.25b 

Sannieshof 0.00 0.00 0.35 1.13 2.32 0.49 1.90 4.44 4.10 3.71 3.49 1.99a 

 

Ventersdorp 
 

0.00 
 

0.23 
 

0.40 
 

2.20 
 

1.33 
 

1.18 
 

2.95 
 

4.07 
 

2.42 
 

2.41 
 

2.87 
 

1.82a 

Bronkhorstspruit 0.00 2.54 0.83 0.21 1.25 1.83 2.26 1.20 1.56 1.64 1.61 1.36a 

Mean 0.45a 1.60a 2.80b 3.13b 2.39a 1.57a 2.54a 3.88b 3.39b 2.94b 3.46b 2.56 

 

Mean values with the same letter are not statistically significant at P=0.05 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Relationship between increasing sub-sample size, number of positive hits and detected fumonisin concentration. 
 
 
 

Variation within a single maize sample 

High CV’s within the 25 g sub-samples from the spiked Leeu- 

doringstad grain were recorded (Figure 2). Although a linear 

decline in CV was recorded as the level of contaminated grain 

increased,  this  relationship  was  not  significant  (R2=0.65, 

P=0.14). The CV for the 250 g sub-samples decreased from 

52.4% in the 25% spiked sub-sample to 30.5% in the 100% 

spiked sub-sample (Figure 2) and a significant linear relation- 

ship between level of contamination and CV was recorded 

(R2=0.83; P=0.05). Results indicate that the use of 250 g sub- 

samples reduced variation substantially when compared with 



   

 

 

 

results from the 25 g sub-samples. The prescribed ELISA- 

Veratox protocol of 25 g sub-samples yielded 6, 15 and 12 

positive sub-samples in the 25, 50 and 75% spiked sub-sam- 

ples, respectively’compared to the 250 g sub-samples, which 

had only one false negative in the 25% spiked sub-sample 

(Figure 2). 
 
 

 
 

Figure 2 The relationship between coefficient of variation, number of positive samples and spiked fumonisin 

concentrations for 25 g and 250 g sub-samples. 
 
 
 

Number of replications 

No significant reduction in standard deviation or CV was 

observed when using up to 25 replications of 25 g sub-sam- 

ples. Variation indicators increased with each increase in rep- 

lication due to the high number of negative sub-samples and 

zerovalues included in the analyses. The number-of-replica- 

tion study using the 25 g sub-sample size showed a slight 

improvement in standard deviation for the 50% and 100% 

spiked samples with increased replication. A reduction in the 

CV from 85.5 to 67.11 occurred after 10 replications in the 

50% spiked samples. The 75% spiked samples showed a 

reduction in CV from 157.93 to 118.20 after 15 replications, 

and from 61.23 to 46.92 after 10 replications in the 100% 

spiked samples. The standard deviation was lower with high 

fumonisin concentrations compared to low fumonisin con- 

centrations in the 25 g samples. 

Where larger (250 g) samples were used in the spiked- 

sample study no consistent reduction in CV or standard devi- 

ation was observed. Tendencies indicate that at lower fumoni- 

sin concentrations more replications are needed, while at 

higher fumonisin concentrations fewer replications would 

suffice. 

 
Consistency between laboratories 

ELISA-Veratox fumonisin levels correlated significantly 

(r=0.91; P=0.032) with HPLC fumonisin levels obtained at 

the MRC, although fumonisin concentrations using the 

ELISA technique were consistently higher (by approximately 

33%) than fumonisin concentrations using the HPLC tech- 

nique (Figure 3). Fumonisin levels from the independent lab- 

oratory obtained using HPLC level did not correlate with the 

the   ELISA-Veratox   technique   used   at   the   ARC-GCI 

(R2=0.534; P=0.354) or with HPLC results from the MRC 

(R2=0.166; P=0.798) indicating that both technique and labo- 

ratory may be sources of variation. 



   

 

 

 
 
 

 
 

Figure 3 Fumonisin concentrations detected by ELISA compared to HPLC fumonisin concentrations. 
 

 
 
 

Discussion 

The ELISA-Veratox protocol requires that a 25 g sub-sample 

be drawn from a larger sample for milling. A 5 g aliquot is 

subsequently used for fumonisin testing. Results obtained in 

the present study showed variation to be high in small sub- 

samples (25 g), especially those with a low fumonisin con- 

tent. Variation was lower in samples with a high fumonisin 

content (50%, 75% and 100% spiked sub-samples) and nota- 

bly so when using larger sub-samples (250 g). Whitaker and 

Johansson (2005) explain that sub-samples with high fumoni- 

sin content have a more homogeneous spread of the toxins 

thus contributing to lower variation in their detection. Varia- 

tion increases in small samples with low fumonisin concen- 

trations because of decreasing homogeneity of the mycotoxin. 

This increases the possibility that the whole sample will be 

discarded because the sub-sample was not representative of 

that sample. An increase in replications using the 25 g sam- 

ples had little effect on reducing standard deviation and CV 

percentages remained high. 

This study showed that substituting the protocol 25 g sub- 

sample with a modified 250 g sub-sample before drawing a 

final 5 g aliquot from the 250 g sub-sample significantly 

reduced variation because the larger sample was more repre- 

sentative of the total sample. At lower sub-sample sizes the 

variation was more extreme and as sub-samples increased, 

variation decreased. It was shown that using 25 g sub-samples 

resulted in 23 out of 25 false negatives. The implication of 

this finding is that fumonisin levels in a small sub-sample can 

be easily underestimated or worse, not detected (Whitaker & 

Johansson, 2005). This implies that maize samples with a 

fumonisin level higher than the legal limit could be accepted 

and these fumonisin-contaminated samples may be consumed 

by humans and animals, resulting in health-related problems. 

By using the modified 250 g sub-sample, increased accuracy 

and precision of fumonisin levels were obtained, thereby 

reducing the risk of incorrectly classifying maize samples. 

In the 25 g sub-sample study only the 75% and 100% 

spiked samples produced a slight reduction in the CV and 

standard deviation compared with lower percentages (Table 

2). Whitaker and Johansson (2005) explained that random 

variation among fumonisin levels within the same maize sam- 

ple may occur. When the sample fumonisin level increases, 

the variation between fumonisin levels will also increase but 

the CV will decrease. Mean fumonisin levels in the 25 g sub- 

samples were 1 ppm (25% spiked sub-sample), 2.9 ppm (50% 

spiked sub-sample), 3.4 ppm (75% spiked sub-sample) and 5 

ppm (100% spiked sub-sample). Fumonisin levels ranged 

from 0 - 8.1 ppm (25% spiked sub-sample), 0 - 7.1 ppm (50% 

spiked sub-sample), 0 - 9 ppm (75% spiked sub-sample) and 

1.9 - 10.1 ppm (100% spiked sample). Although variation in 

fumonisin levels was high for all the sub-samples, only the 

75% and 100% spiked sub-samples produced a slight reduc- 

tion in CV and standard deviation, indicating that the high 

fumonisin levels in spiked sub-samples slightly reduced the 

variation of fumonisin levels within these sub-samples. 

The 250 g sub-samples had a reduction in the CV from 

25% - 100% spiked sub-samples (Table 2). The 250 g sub- 

samples were more representative than the 25 g sub-samples, 

which yielded 30 false negatives. Whitaker and Johansson 

(2005) found that when a specific sample is tested there is a 

greater than 50% chance that the sample fumonisin level will 

test lower than the true fumonisin level. The skewness was 



   

 

 

 

greater  for  small  sub-sample  sizes  and  the  distribution 

became more symmetrical as the sample size increased. 

Increasing the sub-sample size to 250 g significantly reduced 

variation of fumonisin levels in samples containing high and 

low fumonisin levels. 

 

 
Table 2 Correlation between fumonisin spiked 25g and 250g sub-sample effects and coefficient of variation 

 

Fumonisins (ppm) 
 

Replication  25 g samples 250 g samples 
 

 25% spiked 50% spiked 75% spiked 100% spiked 25% spiked 50% spiked 75% spiked 100% spiked 

1 0.0 4.0 9.0 10.1 3.1 8.4 4.7 5.9 

2 0.0 7.1 0.0 2.4 0.0 3.6 7.1 7.0 

3 2.2 10.0 0.0 7.3 2.8 5.6 5.3 5.6 

4 0.0 2.1 0.0 1.9 1.7 2.9 4.6 5.1 

5 0.0 0.0 3.5 8.1 1.2 2.4 5.7 2.9 

6 0.0 3.2 3.7 5.2 1.2 4.1 5.3 7.0 

7 0.0 3.4 12.0 3.3 1.0 4.6 2.1 5.1 

8 0.0 4.0 0.0 5.2 1.6 7.2 5.4 5.6 

9 4.1 2.9 3.2 7.0 1.1 4.8 9.3 5.7 

10 0.0 4.1 2.1 5.4 0.4 2.8 5.2 5.8 

11 0.0 5.2 0.0 2.4 1.6 4.9 5.2 5.8 

12 3.4 2.7 0.0 4.3 2.0 8.3 2.9 7.0 

13 0.0 0.0 1.2 2.9 1.3 3.3 3.5 5.9 

14 0.0 0.0 8.2 8.6 1.0 5.3 5.3 7.0 

15 0.0 4.5 7.1 6.3 0.1 1.9 5.9 7.0 

16 0.0 0.0 7.1 4.2 2.2 3.9 4.1 3.2 

17 8.1 1.2 9.3 7.3 2.1 2.2 5.8 5.3 

18 1.2 0.0 4.0 2.3 1.7 4.3 2.1 1.2 

19 0.0 3.8 0.0 3.9 1.4 3.7 1.8 2.3 

20 0.0 3.2 0.0 2.5 1.8 2.3 1.8 5.8 

21 3.3 0.0 0.0 4.4 1.7 3.1 1.6 5.4 

Mean 1.0 2.9 3.4 5.0 1.5 4.3 4.5 5.3 

CV 197.59 88.99 115.63 47.43 52.38 43.53 43.45 30.49 

 

Whitaker and Johansson (2005) reported that 10 replicated 

aflatoxin test results from the same sample yielded CV’s that 

ranged from 31.6% to 196.3%. As the aflatoxin concentration 

in the sample increased, the variance among aflatoxin level 

results increased but the CV decreased. Even though a small 

sub-sample (25 g) was used in this study, the high percentage 

of fumonisin levels in the 75% and 100% spiked samples 

with increasing replicates ensured more accurate fumonisin 

quantification, explaining the slight reduction in CV and 

standard deviation (Whitaker & Johansson, 2005). It appears 

that high fumonisin levels, rather than replications reduced 

the CV and standard deviation of small sub-samples. 

Increased replication had a greater effect on reducing var- 

iation in the modified 250 g sub-samples. This could be due 

to the 250 g sub-samples that were more representative of the 

original sample, thereby reducing variation in fumonisin lev- 

els in each sub-sample (Whitaker& Johansson, 2005). The 

number of replications needed to improve accuracy will 

depend on the level of fumonisins in a sample. Samples with 

high fumonisin levels require less replications than moder- 

ately or low fumonisin contaminated samples (Whitaker & 

Johansson, 2005). 

This study emphasised the importance of using more rep- 

lications together with a 250 g sub-sample to reduce variation 

in detected fumonisin levels. The use of small sub-sample 

sizes (25 g), with increased replications will not reduce varia- 

tion except when the sample has high fumonisin concentra- 

tions. 

There was a significant correlation between ELISA 

fumonisin levels detected by the ARC-GCI and the HPLC 

fumonisin levels carried out at the MRC. Fumonisin levels 

obtained using the ELISA technique were consistently 33% 

higher in this study than fumonisin levels obtained using the 

HPLC, which was in agreement with Shelby et al. (1994) and 

Desjardins (2006). These authors suggested that ELISA 

reacted to antibodies of all known members of the fumonisin 

class of mycotoxins (B1, B2 and B3). These antibodies also 

detected additional fumonisin-like molecular structures and 

the result was inflated when compared to other methods of 

analysis  such  as  HPLC  (Shelby  et  al.,  1994;  Desjardins, 

2006). The same HPLC technique used by both MRC and the 

independent laboratory correlated poorly. This is an indica- 

tion that the laboratory where analyses are carried out is an 

important additional source of variation, even though the 

same quantification technique is used. 

A reduction in variation of fumonisin levels using the 



   

 

 

 

ELISA-Veratox protocol will result in increased confidence 

and accuracy of fumonisin quantification by addressing the 

problems highlighted in this study. The higher percentage 

fumonisin levels of ELISA can be reduced by 33% to obtain 

fumonisin levels in accordance with HPLC fumonisin levels. 

To reduce variation associated between laboratories it is 

advisable to make use of one reputable laboratory for fumoni- 

sin quantifications. 
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