
SUMMARY

Maize ear rot is an important disease of maize in
Kenya. In this study fumonisin B1 (FB1) and aflatoxin
B1 (AFB1) analysis were conducted on symptomless and
rotten maize harvested at different harvest time points
after physiological maturity (HTPAPM). Fusarium verti-
cillioides dominated at all HTPAPM. Other fungi re-
ported include Aspergillus flavus, Aspergillus parasiticus
and Sternocarpella maydis. In 2001, FB1 levels in symp-
tomless maize ranged between 22 to 1348 µg/kg. Mean
FB1 levels at 4, 8, and 12 weeks HTPAPM for Malava
were 56, 80 and 317 µg/kg respectively. In Tongaren
during 2001 mean FB1 levels of 41, 179 and 590 µg/kg
were recorded at 4, 8, 12 week HTPAPM respectively.
The FB1 levels in rotten maize ranged from 39 to >5000
µg/kg and increased with HTPAPM. The highest AFB1
level was 17 µg/kg in rotten maize. The results suggest
that delayed harvesting could increase FB1 contamina-
tion in maize.

Key words: Maize ear rot, Fusarium verticillioides, As-
pergillus flavus, mycotoxins, food safety.

Maize (Zea mays L.) is a staple food crop in Kenya
but its production is greatly constrained by ear rot fun-
gi, which belong mainly to the genera Aspergillus, Peni-
cillium, Fusarium and Sternocarpella (Olanya et al.,
1997). In addition to lowering maize quality, these
pathogens produce mycotoxins., i.e metabolites with a
range of serious detrimental effects to human and ani-
mal health (van Egmond et al., 2007). For example, fu-
monisin B1 (FB1), a mycotoxin produced by Fusarium
spp, causes equine leukoencephalomalacia, porcine pul-
monary edema, human esophageal cancer and liver can-
cer in experimental animals (Thiel et al., 1991), whereas
Aspergillus spp. produce aflatoxins that are potent car-
cinogenic substances (Gourama and Bullerman, 1995;
Windham and Williams, 1998). 

Corresponding author: A.E. Alakonya
Fax: +25420811575
E-mail: aealakonya@gmail.com

Farmers of western Kenya, the leading maize produc-
ing region in the country, apply varied strategies with re-
gard to harvest time points after physiological maturity
(HTPAPM). Often, delayed harvesting coincides with
second rains, resulting in increased ear rotting. Since in-
formation on the effect of delayed harvesting on fumon-
isin and aflatoxin levels in Kenyan maize is scanty,  this
investigation  aimed  at elucidating the effect of differ-
ent HTPAPM on ear rot fungi production of FB1 and
aflatoxin B1 (AFB1).

Twenty four farms equally distributed between Mala-
va and Tongaren in western Kenya were involved in the
study, each growing maize varieties H614, H622, H513
and No.8. Four maize plots acting as replicates at each
location were randomly selected from the pool and har-
vested at 4, 8 and 12 weeks HTPAPM. Samples for
analysis were collected at the various HTPAPM from
symptomless maize (visibly discoloured kernels not ex-
ceeding 2%), and rotten maize (more than 2% dis-
coloured kernels, presence of mycelial growth and pro-
duction of a pungent odour). 

Ear rot fungi isolation media were glycerol agar, pen-
tachloronitrobenzene agar, and potato dextrose agar
(PDA) (King, 1981). Fungal colonies were grouped
based on their colour and growth behaviour as described
by Booth (1977). Identification of Fusarium species was
on potato sucrose agar and sucrose nutrient agar accord-
ing to Nelson et al. (1983). Stenocarpella species were
identified on PDA after growing under non ultra violet
light for 4 days (Jones and Brian, 1993). Aspergillus spp.
were identified on malt extract agar, using the protocol
described by Klich and Pitt (1988). Quantification of FB1
and AFB1 was by ELISA, using commercial standards
(Sigma Chemicals, USA). Mycotoxin levels were deter-
mined at 450 nm as described by Usleber et al. (1994)
and Gathumbi et al. (2001). The detection limits for both
FB1 and AFB1 was 10 µg/kg to 5000 µg/kg. 

Of the ear rot fungi isolated, Fusarium species pre-
vailed in all varieties, especially Fusarium verticillioides,
F. graminearum, and F. subglutinans, which were readily
isolated from both rotten and symptomless maize ker-
nels (Fig. 1a and b, 2a and b). The successful recovery
of the above fungal species confirms that maize infec-
tion occurs in the field (Gourama and Bullerman, 1995;
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Olanya et al., 1997). In addition, the isolation of F. sub-
glutinans and F. graminearum points at the possibility
of the presence of other mycotoxins like moniliformin,
deoxynivalenol and zearalenone associated with hyper-

estrogenism and infertility (Marasas et al., 1984). Thus,
different endogenous ear rot fungi co-occur on maize
kernels from western Kenya, making it likely the possi-
bility that more than one mycotoxin can be found in a
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Fig. 1a. Incidence of ear rot fungi in symptomless maize from Tongaren 2001

Fig. 1b. Incidence of ear rot fungi in rotten maize from Tongaren 2001.
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single maize sample. 
There was progressive increase in incidence of ear rot

fungi in both symptomless and rotten kernels at both
sites from the 4th to 12th week HTPAPM, the incidence
of Fusarium spp. being higher in Tongaren than Malava.
Between the 4th and 12th week HTPAPM the incidence
of A. flavus increased from 4% to 44% in symptomless
maize in Malava, whereas a 16% to 40% increase was
recorded in Tongaren (Figure 1a). Incidence of ear rot
fungi increase in all varieties over the three HTPAPM in
both Tongaren and Malava with the highest rates record-

ed at the 12th week HTPAPM (Figure 1 and 2) could be
due to proliferation of the fungi by either spore germina-
tion or mycelial growth owing to favourable field condi-
tions. The increased incidence of F. verticillioides could
also be due to high inoculum density of the pathogen in
maize fields and to the presence of multiple infection
sites in the host plant (Olanya et al., 1997).  

In 2001, all maize samples were contaminated with
FB1 which, in symptomless maize ranged between 22
and 757 µg/kg in Malava and between 35 and 1178
µg/kg in Tongaren (Table 1 and 2). However, in 2002
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Table 1. Fumonisin B1 (FB1) and aflatoxin B1 (AFB1) levels at different harvest time points in Malava, 2001.

Variety Symptomless maize Rotten maize
4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks

FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1

H614 22 ND 29 ND 196 ND 3317 ND >5000 ND >5000 ND

H513 35 ND 57 ND 79 ND 2293 ND 2569 ND 4280 ND

No. 8 134 ND 196 ND 757 ND 200 ND 139 ND 2750 ND

H622 32 ND 37 ND 237 ND 1270 12.3 3280 ND >5000 ND

Mean 55.75 ND 80 ND 317 ND 1770 3.07 >2747 ND >4258 ND

 ND = AFB1 absent or below 10 µg/kg.

Table 2. Fumonisin FB1 (AFB1) and aflatoxin B1 (AFB1) levels at different harvest time points in Tongaren in 2001 and 2002.

Symptomless maize
4 weeks 8 weeks 12 weeks

2001 2002 2001 2002 2001 2002

Variety

FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1

H614 54 ND 51 ND 37 ND 520 ND  629 ND 702 ND

H513 39 ND 43 ND 514 ND 650 ND 1178 ND 1050 ND

No. 8 36 ND 139 ND 53 ND 550 ND  51 ND 751 ND

H622 35 ND 54 ND 113 ND 772 ND  505 ND 1348 ND

Mean 41 ND 71.7 ND 179.3 ND 623 ND 590.8 ND 962.8 ND

Rotten maize
4 weeks 8 weeks 12 weeks

2001 2002 2001 2002 2001 2002

Variety

FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1 FB1 AFB1

H614 442 ND 1150 ND 1223 ND 3050 ND 4471 ND >5000 14

H513 1164 ND 1230 ND 3173 ND 4880 ND 3820 ND >5000 ND

No. 8 39 ND 1550 ND 496 ND 1750 ND 951 ND >5000 12

H622 155 ND 2250 ND 1080 ND >5000 14 4471 ND >5000 17

Mean 450 ND 1545 ND 1493 ND 3670 3.5 3428.3 ND >5000 10.8

N D  =  AFB1 a b s e n t or  be l ow  10 µg/kg.
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FB1 levels ranged in Tongaren between 43 to 1378
µg/kg in symptomless maize, but were above 5,000
µg/kg at 12 weeks HTPAPM in rotten maize (Table 2).
At 4th week HTPAPM all symptomless maize samples
had FB1 levels below 55 µg/kg in 2001 and 2002 except
for No. 8 that had 140 µg/kg in 2002. FB1 levels in both
years increased with HTPAPM, except for H614 and
No. 8 in Tongaren in 2001. Varieties H614 and H513
had the lowest FB1 at 4th week HTPAPM in 2001 and
2002. The widespread FB1 detection could be due to
the predominance of F. verticillioides in the varieties
tested. This is of concern as in Kenya most of the popu-
lation depends on maize as a staple food. The high lev-
els of FB1 in rotten maize is even more worrying as
farmers use rotten maize for various purposes such as
livestock feed, brewing and occasionally they mix it
with clean maize and sell to unsuspecting consumers
(Alakonya, 2004). 

The relatively high concentrations of FB1 detected at
12th week HTPAPM indicates that delay in harvesting in-
creases the FB1 level, possibly due to continued produc-
tion and accumulation of the toxin in maize, once the
kernels are colonized by the pathogen. On the other
hand, detection of FB1 at all harvest intervals indicates
that modifying harvesting schedule does not totally elimi-
nate FB1 contamination but can only reduce its level.
This may be due to the high incidence of F. verticillioides
(over 70%) in most maize varieties studied (Fig. 1 and 2).
Harvesting at 4th week HTPAPM could prevent further
contamination with FB1. It is important to note that ap-

plying early harvesting as the only option for FB1 man-
agement is not sufficient as very high levels of this toxin
were detected in rotten maize even in early harvested
grain. If applied concurrently, early harvesting at 4th week
HTPAPM, sorting out symptomless and rotten maize
and F. verticillioides management using organic soil
amendments (Alakonya, 2004), may represent a valuable
integrated approach for reducing FB1 contamination. 

The occurrence of F. verticillioides in symptomless
maize as reported in this work (Fig. 1) and by Bacon
and Hinton (1996) presents a problem because maize
kernels sorted out as symptomless could be passed as
uninfected whereas in reality, they could be contaminat-
ed. The higher FB1 levels detected in Tongaren com-
pared to Malava could be attributed to conditions that
favoured kernel colonization  by F. verticillioides and al-
so to a differential FB1 production ability of F. verticil-
liodes in the two locations (Alakonya et al., 2008).

In sub Saharan Africa, the diet is mainly maize with a
400 g average daily intake per person, while in Europe
the daily intake is 10 g per person (Shepherd, 2004).
With an FB1 level of 2000 µg/kg, which is regarded as
acceptable by regulatory bodies worldwide (Wagacha
and Muthomi, 2008; van Egmond et al., 2007), the di-
etary exposure for a 60 kg adult in Africa would be 13
µg/kg body weight per day, a value 650% above the ac-
ceptable limit (Shepherd, 2004). In this study, the ma-
jority of rotten and symptomless maize samples harvest-
ed after the 12 week HTPAPM (Table 1 and 2) were
about or above this value, indicating that Kenyans are at
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Fig. 2a. Incidence of ear rot fungi in symptomless maize from Malava 2001.
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risk of exposure to deleterious cumulative levels of FB1.
Despite this high FB1 level in Kenya and an extant legis-
lation setting 1000 µg/kg as the limit in both feed and
foodstuff, mechanisms for monitoring and the enforce-
ment of regulations are limited by lack of technical, hu-
man and financial resources. The results in this paper
strongly suggest that sub Sahara African countries
should take a more active role for regulation of fumon-
isins in maize. 

All clean maize samples had non detectable (below
10 µg/kg) levels of AFB1 at all HTPAPM in 2001 and
2002. AFB1 were detected in one rotten sample in 2001
and four samples in 2002 (Table 1 and 2). Though this
study established that most of the AFB1 levels in the
samples fell below 20 µg/kg, the minimum tolerance
level set by the Kenya Bureau of Standards (KEBS) and
most African countries, it is noted that the daily intake
is 4000% above that of Europe, which has a range be-
tween 0 to 5 µg/kg. Maximum acceptable limits for
AFB1 range from 5 to 35 µg/kg in Asia, 2 to 35 µg/kg in
Latin America and 15 and 20 µg/kg in North America
(van Egmond et al., 2007). The detection limit of our
protocol could not establish if Kenyan samples were
above the threshold set for feed and food by the Euro-
pean Union. The results would have been more satisfac-
tory if a more sensitive method had been used but this
was not possible due to the lack of appropriate facilities.
Scientists therefore have the option to take a leading
role in the selection of maize germplasm both high
yielding and resistant to ear rot fungi.
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