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Abstract. A shipment of South African corn (1989) exported to Taiwan, was analyzed for various ear-rot fungi 
and Fusarium mycotoxins. Two sets of samples, one from the points of origin in South Africa prior to shipment, 
and the other from the end-point distributors in Taiwan, were studied. Surface-sterilized kernels were plated 
onto two different agar media and the fungal colonies identified. High Performance Liquid Chromatography was 
used to analyze mycotoxin levels. The predominant ear-rot fungi, in decreasing order of isolation frequency, 
were Fusarium subglutinans, F. moniliforme, Diplodia maydis and F. graminearum. Aspergillus flavus and A. 
parasiticus were not isolated from samples prior to export, but a small number of A. flavus isolates were found 
after shipment. The predominant mycotoxins were fumonisins B1 (0-865 rig/g) and B2 (0-250 ng/g). Low 
levels of moniliformin (_<390 ng/g) were detected in some samples before shipment. Zearalenone (25 ng/g), 
and nivalenol (120 ng/g) were detected in two out of 32 samples taken in Taiwan. The samples contained no 
detectable levels of either aflatoxins (> 0.5 ng/g) or deoxynivalenol (>100 ng/g) before or after shipment. 
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Abbreviations: RSA = South Africa(n); FB1 = fumonisin B l; FB2 = fumonisin B2; ETVL = eastern Transvaal; 
WTVL = western Transvaal 

Introduction 

The ear-rot complex of corn (Zea mays L.) in 
South Africa is caused primarily by Diplodia may- 
dis (Berk.) Sacc. [= Stenocarpella maydis (Berk.) 
Sutton], Fusarium moniliforme Sheldon, and F. sub- 
glutinans (Wollenw. & Reinking) Nelson, Toussoun 
& Marasas. Also present, but at lower frequencies, 
are F. graminearum Schwabe [teleomorph: Gibberel- 
la zeae (Schw.) Petch] and D. macrospora Earle [= 
S. macrospora (Earle) Sutton] [1-4]. All five of these 
fungi are known to produce mycotoxins which are 
highly toxic to animals [5-7]. The mycotoxin(s) pro- 
duced by D. maydis, which causes diplodiosis in 
sheep [8], perinatal mortality in lambs [5] and weight 
reductions in poultry [9], have not yet been chemi- 
cally characterized. 

Two other highly toxic fungi that occur in South 
African corn, but are not ear-rot pathogens under 
local conditions, are Aspergillus flavus Link and A. 

parasiticus Speare [10]. These two fungi produce 
the highly toxic and carcinogenic aflatoxins. Isolat- 
ed outbreaks of aflatoxicoses in farm animals caused 
by aflatoxins in improperly harvested and stored corn 
have been reported in South Africa [11, 12]. Our 
experience has been that aflatoxin contamination of 
corn is rare in South Africa, however, Dutton & West- 
lake [13] reported 25% of 155 South African corn- 
based feed samples were contaminated with aflatoxin 
B1 (5-1500 #g]kg). 

The fumonisins, a group of mycotoxins with 
cancer-promoting activity in rats, were isolated from 
cultures of F. moniliforme [14] and their structures 
elucidated [15]. Fumonisin B1 (FB1) was subsequent- 
ly shown to cause leukoencephalomalacia (LEM) in 
horses [16], pulmonary edema (PE) in pigs [17], and 
liver cancer in rats [18]. The fumonisins have been 
found to occur naturally in corn-based feeds associ- 
ated with animal toxicoses [19-21], and corn-based 
human foodstuffs [22-25]. 
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Table 1. Incidence of fungi in samples from a shipment of South African corn of the 1989 crop exported to Taiwan 

F. moniliforme E subglutinans F. graminearum D. maydis Total fungi a 

A-samples b 

Eastern Transvaal (n=9) 

Range 0-20 3-21 0-11 0-24 26-60 

Area mean 4- SD 5.4 ± 4.9 11.2 4- 3.8 4.0 4- 2.2 4.9 4- 4.6 41.2 4- 9.1 

Western Transvaal (n=27) 

Range 3-22 10-20 1-7 3-42 34-86 

Area mean 4- SD 13.7 4- 6.7 13.9 4- 3.1 2.8 4- 2.3 11.2 4- 11.8 56.6 4- 16.1 

Comparison between area means (p) < 0.001 < 0.05 NS c < 0.05 < 0.01 

Overall (n=36) 

Range 0-22 3-21 0-11 0 4 2  26-86 

Mean A 4- SD 7.4 4- 6.5 11.9 4- 3.8 3.7 4- 2.2 6.5 4- 7.4 45.1 4- 12.9 

E-samples a (n=32) 
Range 2-10 4-17 0-6 1-9 23-50 

Mean E + SD 5.1 4- 2.4 10.6 ± 3.3 2.7 4- 1.7 5.0 4- 2.3 36.6 4- 6.1 

Comparison between means A and E (p) NS NS NS NS < 0.01 

a Including the A. flavus isolations: A-samples = 0, E-samples -- 6 isolates, out of a total of 13,600 plated kernels. 

b A-samples = samples collected in South Africa before export. 

c NS = not significant (p >0.05). 

d E-samples = samples collected from the end-point distributors in Taiwan after export. 

For these reasons it became imperative to analyze 
South African corn primarily for the fumonisins, as 
corn is consumed as a staple foodstuff by millions of 
people in South Africa. It was also necessary to eval- 
uate the quality of South African export corn and this 
was the first time that a local corn shipment destined 
for export had undergone such intensive analyses. The 
occurrence of F. moniliforme and the fumonisins, in 
addition to other ear-rot fungi and mycotoxins, are 
reported in this paper. 

Materials and methods 

Corn sampling. Two groups of grain samples (each 
sample ca. 1 kg) were analyzed. The first group of 
samples (designated the A-samples) was a sub-set 
from a larger number of samples taken, prior to ship- 
ment, from yellow corn of the 1989 South African 
crop despatched from 11 inland grain silos to the 
export grain elevator at the port of Durban. These A- 
samples (n = 36) consisted of 27 samples from eight 
eastern Transvaal (ETVL) storage depots and nine 
samples from three depots in the western Transvaal 

(WTVL). The second group of samples (designated 
the E-samples, n = 32) was collected from the ship- 
ment of corn once it had reached the end-point dis- 
tributors in Taiwan [26]. 

The A-samples were taken by scooping from the 
conveyor belt as the corn was being loaded into rail- 
way trucks. Every 250 metric tonnes were sampled. 
A Boehrner divider was then used to obtain 1 kg sam- 
ples. The E-samples were obtained either by scooping 
or probing the corn (at three different positions per 
truck) as it arrived at the end-users in Taiwan [26]. 

Mycological analysis. Two subsamples of kernels 
(each ca. 100 g) from each sample were surface- 
disinfested for 1 rain in a 3.5% sodium hypochlorite 
solution and rinsed twice in sterile water. A hundred 
kernels (5 kernels/plate) from one subsample were 
transferred to 1.5% malt extract agar (MEA) contain- 
ing 150 mg novobiocin/liter, and 100 kernels from 
the other subsample (5 kernels/plate) transferred to 
a selective Aspergillus flavus - A. parasiticus agar 
medium (AFPA) [27]. The plates were incubated at 
25 °C in the dark for 5-7 days. All developing fun- 
gal colonies were identified [1, 27-29] and counted 
directly on the agar plates. 



Table 2. Levels of fumonisins in samples from a shipment of 
South African corn (1989) exported to Taiwan 

Fumonisin levels a (ng/g) 

Fumonisin B1 Fumonisin B2 

A-samples b 
Eastern Transvaal 
Positives/total 5/27 2/27 
Range 0-630 0-250 
Area mean 4- SD 238 4- 235 200 4- 7t 

(positives) 
Western Transvaal 
Positives/total 5/9 4/9 
Range 0-270 0-170 
Area mean ± SD 172 :i: 100 123 i 36 

(positives) 
Comparison between NS c NS 

area means (p) 
Overall 
Positives/total 10/36 6/36 
Range 0-630 0-250 
Mean A 4- SD 205 ± 174 148 :k 58 

(positives) 

E-samples d 
Positives/total 14/32 4/32 
Range 0-865 0-120 
Mean E 4- SD 335 :k 284 101 4- 19 

(positives) 
Comparison between NS NS 

means A and E (p) 

'~Detection limits for fumonisins B1 and B2 = 50 ng/g. 
hA-samples = samples collected in South Africa before export. 
cNS = not significant (p > 0.05). 
~/E-samples = samples collected from the end-point distribu- 
tors in Taiwan after export. 

Chemical analysis. Analyses for the following 
selected mycotoxins were done: fumonisins B 1 (FB 1) 
and B2 (FB2) produced by F. moniliforme [14, 30]; 
deoxynivalenol  (DON), nivalenol (NIV) and zear- 
alenone (ZEA) produced by F. graminearum [7]; 
moniliformin (MON) produced by F. subglutinans 
[7]; and aflatoxins (AFLA) produced by A. flavus 
and A. parasiticus [11]. All  the A- and E-samples 
were analyzed for FB1 and FB2 [30]. Ten samples 
in each of  the A- and E-samples were analyzed for 
MON [31], five with high and five with low percent- 
ages of  F. subglutinans kernel infection. Six samples 

37 

in each of the A- and E-samples were analyzed for 
ZEA [32], DON [33] and NIV [33], three with high 
and three with low percentages of  F. graminearum 
kernel infection. Five random samples in each of the 
A- and E-samples,  in addition to the four E-samples 
that tested positive for A. flavus, were analyzed for 
A F L A  [34]. 

Analytical standards. DON, MON, FB1 and FB2 
were isolated within the Programme on Mycotoxins 
and Experimental Carcinogenesis (PROMEC), Tyger- 
berg, South Africa. ZEA and A F L A  were obtained 
from Makor Chemicals, Jerusalem, Israel. NIV was 
obtained from Wako Chemicals, Tokyo, Japan. The 
identity and purity of each standard was assessed by 
either thin layer chromatography (TLC), high perfor- 
mance liquid chromatography (HPLC), capillary gas 
chromatography (GC) or ultra-violet (UV) spectro- 
copy. 

Apparatus. Capillary GC separations were per- 
formed using a Carlo Erba Mega 5300 gas chro- 
matograph equipped with a split/splitless injector and 
either a 30 m ×  0.32 mm i.d. DB-5, or a 25 m × 0.32 
mm i.d. SE-30, fused silica capillary column. Com- 
pounds were detected with a 63Ni electron capture 
detector (ECD) for NIV/DON analyses. HPLC sep- 
arations were performed on either 4 -#m Nova-Pak 
C18, or a 7-#m Phenomenex ODS 30 column, using 
a Waters Model  510 liquid chromatographic pump. 
Peak detection was performed using either a Hewlett- 
Packard Model 1040A diode array detector (DAD) or 
a Perkin-Elmer 650S fluorimeter. Data were collect- 
ed using a Waters 745 module,  and the levels of  each 
toxin were calculated from individual toxin calibra- 
tion curves. UV wavelength ranges and ratios were 
monitored using the HPLC/DAD system for HPLC 
verification purposes. 

Statistical analysis. To correct the skewness of the 
data, square-root transformations were applied to the 
variants F. moniliforme, F. graminearum, D. may- 
dis, and log(ln) transformations to the fumonisin data. 
The variants F. subglutinans and Total fungi were 
not transformed. Comparison of  the means were done 
according to the t-test. The data are presented in the 
tables in their untransformed state. 
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Results 

Mycology. Results of the fungal isolations from the 
A- and E-samples are given in Table 1. The predom- 
inant ear-rot fungus isolated from the A-samples was 
F. subglutinans at an incidence level of 11.9%, fol- 
lowed by F. moniliforme (7.4%), D. maydis (6.5%) 
and F. graminearum (3.7%). This same sequence of 
prevalence was evident in the E-samples. Significant- 
ly higher levels ofF. moniliforme (p < 0.001), F. sub- 
glutinans (p < 0.05), D. maydis (p < 0.05) and Total 
fungi (p < 0.01) occurred in corn from the WTVL 
versus the ETVL (A-samples). The incidence of F. 
graminearum did not differ significantly between the 
two areas. Significantly lower levels of Total fungi 
(p < 0.01) were isolated from the E- compared to 
the A-samples. No other significant differences were 
recorded between the A- and E-samples. 

No isolates of either A. flavus or A. parasiticus 
were recovered from the A-samples. A total of six 
isolates of A. flavus, out of 6400 plated kernels, were 
isolated from the E-samples. Two of these samples 
yielded one isolate each on MEA and AFPA, whereas 
another two samples yielded only one isolate on either 
medium. 

Fumonisins. The results of chemical analyses of the 
A- and E-samples for the fumonisin mycotoxins are 
given in Table 2. No significant differences in FB1 
and FB2 levels were recorded either between the A- 
and E-samples, or between the ETVL and WTVL 
samples. FB1 was detected in 27.8% (10 out of 36) 
of the A-samples at levels up to 630 ng/g and at a 
mean (positives only) level of 205 ng/g. The mean 
level of FB1 in the WTVL samples was 172 ng/g and 
that in the ETVL samples was 238 ng/g. FB2 occurred 
in fewer of the A-samples, and at lower levels, com- 
pared to FB1. The mean level of FB2 contamination 
in the A-samples was 148 ng/g. In the WTVL and 
ETVL the mean levels of FB2 were 200 and 123 
ng/g, respectively. 

In the E-samples FB1 was detected in 43.7% (14 
out of 32) of the samples at levels up to 865 ng/g and 
at a mean (positives only) level of 335 ng/g. Fewer 
E-samples contained FB2, and at lower levels, com- 
pared to FB1. The mean level of FB2 in the E-samples 
was 101 ng/g. All fumonisin-containing A-samples, 
except one, had higher levels of FBa than FB2. None 
of these samples contained FB2 only, but FB~ was 
detected alone in 40% (four out of 10) of the sam- 
ples. This trend also applied to the E-samples, where 

FB1 occurred alone, but not FB2. Both FB1 and FB2 
occurred concurrently in 28.6% (four out of 14) of the 
fumonisin-contaminated E-samples, with FB1 being 
detected at higher levels, except for one sample, than 
FB2. 

Other mycotoxins. Only two selected A-samples 
contained chemically detectable levels of MON (320 
& 390 ng/g), viz the samples with the highest levels 
of F. subglutinans infection (20 & 21%, respective- 
ly). None of the other A-samples analyzed contained 
chemically detectable levels of ZEA, DON, NIV or 
AFLA. None of the selected E-samples, including 
those with the highest F. subglutinans infection lev- 
els (15-17%), contained detectable levels of MON. 
The metabolites of F. graminearum, ZEA and NIV, 
were detected in two E-samples with the highest per- 
centage of kernels infected by F. graminearum, viz 
6% each. These two samples both had NIV levels of 
120 ng/g and one of these samples contained ZEA at 
25ng/g. The E-samples also contained no chemically 
detectable levels of AFLA, even though four of the 
27 samples had low levels of A. flavus present. 

Discussion 

The predominant ear-rot fungi associated with South 
African export corn (1989 crop season), in order of 
isolation frequency, were F. subglutinans, F. monili- 
forme, D. maydis and F. graminearum. This sequence 
and the mean isolation levels from the Transvaal pro- 
duction areas are in agreement with previous results 
on the incidence of Fusarium spp. in commercial corn 
[2]. In recent studies [3, 4], however, the predominant 
ear-rot fungus throughout the whole corn-production 
area of South Africa was F. moniliforme, even though 
F. subglutinans was more prevalent than the former 
in the ETVL. 

The similar levels of F. moniliforme and F. subg- 
lutinans in the WTVL grain is quite different to the 
high levels of F. moniliforme, and the low levels of F. 
subglutinans previously reported from this region for 
the 1985/1986 - 1987/1988 crop seasons [3, 4]. In 
general, the recorded fungal levels can be regarded 
as favourably low. The only extremely high fungal 
count was that of D. maydis (42%) in one sample 
from the WTVL. The relatively low fungal levels in 
the E-samples reflect the effective handling and stor- 
age of the grain on board the vessel [26]. The few 
isolates of A. flavus recovered from the E-samples are 



39 

Table 3. Fumonisin levels in South African (RSA) export corn samples compared with previously reported 
levels in imported corn, and in local and international commercial corn products 

Fumonisin levels (ng/g) 

FB1 FB2 

Samples type Number Range Mean a Range Mean a Reference 

Export corn, A-samples, RSA 36 0-630 

Export corn, E-samples, RSA 32 0-865 

Commercial corn products, RSA 68 0475  

Commercial corn products, USA 29 0-2790 

Commercial corn meal, RSA 52 0475  

Commercial corn meal, USA 16 0-2790 

Commercial corn meal, Switzerland 7 0-110 

Commercial corn grits, RSA 18 0-190 

Commercial corn grits, USA 10 105-2545 

Commercial corn grits, Switzerland 55 0-790 

Commercial corn (1991 crop), RSA 169 0-3054 

Commercial corn (1992 crop), RSA 40 0-990 

Imported USA corn (1991 crop) 846 0-7473 

Imported USA corn (1992 crop) 836 0-7600 

Imported ARGc corn (1991 crop) 547 04327 

205 0-250 148 This paper 

335 0-120 101 This paper 

105 0-120 21 25 

711 0-1070 190 25 

138 0-131 83 24 

1048 0-920 298 24 

85 ND b ND 22 

125 0-120 85 24 

601 0-1065 375 24 

260 0-160 100 22 

278 0-982 35 38 

239 0-80 8 38 

952 0-2465 123 38 

963 0-3123 143 38 

293 0-1247 23 38 

a Reported means, which represent either the general mean, or the mean of the positive 

b ND = Not detected. 

c ARG = Argentinian. 

samples only. 

negligible and neither affected the quality of the grain 
nor resulted in the accumulation of detectable levels 
of aflatoxins in the grain. 

With the exception of FB1 and FB2, none of the 
other Fusarium mycotoxins analyzed (MON, DON, 
NIV, ZEA) were of any significance in this shipment 
of South African export corn, either prior to or after 
arrival in Taiwan. Higher levels of these mycotoxins 
have, however, been found to occur naturally in some 
southern African corn samples [2, 35-37]. 

Despite the higher means and maxima of the 
fumonisin levels in the ETVL, the WTVL had in 
proportion, more samples contaminated with FB1 and 
FB2. The latter area also had the higher mean level of 
F. moniliforme kernel infection. Recent studies have 
shown the importance in analyzing for the fumonisins 
in local corn and corn-based products [24] as well as 
corn imported into South Africa [38], especially when 
considering the implications of the high contamina- 
tion levels reported in corn in the USA and some 
other countries (Table 3). Corn imported to South 
Africa from the USA (1991 crop) contained mean 

levels of 952 and 123 ng/g of FB1 and FB2, respec- 
tively [38]. These levels were higher than the levels 
of FB1 and FBe recorded in imported Argentinian 
corn (1991 crop), 293 and 23 ng/g, respectively [38]. 
The fumonisin levels in the aforementioned USA corn 
were also higher than in RSA corn of the 1991 crop 
(FB~: 278 rig/g; FB2:35 ng/g) [38]. Fumonisin lev- 
els in the RSA and USA crops of 1992 followed a 
similar trend to the levels in the 1991 crops [38]. 

In commercial corn products, fumonisin levels in 
RSA products were lower than in the USA products 
(Table 3). In USA corn meal, FB1 and FB2 were 
detected at mean levels of 1048 and 298 ng/g, respec- 
tively, whereas the corresponding values for RSA 
corn meal were 138 and 83 ng/g, respectively [24]. 
Similar situations also applied to corn grits [24] and 
other corn products [25]. Fumonisin levels in corn- 
based products from the Swiss market [22] were sim- 
ilar to those in RSA. 

With the worldwide interest in fumonisin research, 
it is only a matter of time before corn-importing coun- 
tries introduce legislation to regulate tolerance levels 
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in both human and animal foodstuffs for this group 
of toxins. With corn being imported and exported 
from South Africa, and it being the staple foodstuff 
of millions of South Africans, it is of prime impor- 
tance that fumonisin contamination should be closely 
monitored. 
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