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Abstract: Maize is an important cereal produced and exported from Karnataka, India. The risk of contamination

by mycotoxins in maize is related to the high incidence of fungi. This paper reports on the identification of

post harvest fungi of maize grains harvested in Karnataka state in 2004 and 2005. A total of 86 maize samples

were analyzed for frequency and relative density of mtemnal mycoflora by direct plating method on PDA and

MGA 2.5 agar medium. The most prevalent fungal genera occurring on maize grains were species of

Fusarium and Aspergillus. The other genera included Penicillium, Drechslera, Nigrospora, Curvularia,

Alternaria, Chaetomium and Phoma. The data revealed the high frequency of Fusarium species (96.5%) and

the lugh relative density of Aspergiflus species (41.7%) among the 17 fungal genera recoded. The predominant

fungi recorded F. verticillioides, F. anthophilum, F. proliferatum, A. flavus, 4. niger and 4. ochraceous

respectively. These data is of immense value for assessing the possible health hazards in humans and animals

upon consumption of such contaminated food grains by toxigenic moulds.
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INTRODUCTION

India 15 predominantly an agricultural based
nearly three fourths of the people

dependent on agriculture. India with its diverse agro

country  with

climatic conditions produces a variety of food crops
throughout the year. Maize (Zea mays 1..) is the third
most important crop after rice and wheat. Most of the
maize produced in India, mainly comes from the states
of Kamataka andlra Pradesh, Bihar, Pumjab, Uttar
Pradesh and Madhya Pradesh [1]. Kamataka 1s the
leading producer and exporter of maize as it falls under the
maize belt of India and produces 15% of India’s total
produce [2].

Mauze 1s used in more ways than any other cereals by
humans, as a feed grain, as a fodder crop and for
hundreds of industrial purposes. Tts grain, stalk, leaves,
cobs and tassel have commercial value. It is also the main
cereal feed ingredient, which constitutes 30-35% of

poultry rations [3]. However, maize kemals are prone to
pre and post-harvest fungal infection and it 13 often
unavoidable and 1t 13 a worldwide problem. The
susceptibility of maize grains to various fungi has been
very well documented [4].

A number of fungal species associated with maize
belongs to the genera Fusarium, Aspergillus and
Penicillium, which have been known to produce
mycotoxing that cause mycotoxicosis in animals and
humans. In some gram-producing countries, the
mycoflora of freshly harvested gramns has been very well
documented [5-9]. There is a lack of accurate data on the
frequency and relative density of mcoffora in maize
grains. Because of these reasons, it has not been possible
to develop effective management strategies to prevent
fungal infection and bio-deterioration of grains. Hence,
this study was undertaken to know the frequency of
mycoflora and their relative density in maize grains

produced in different districts of Karnataka, India.
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MATERIALS AND METHODS

Collection of Samples: A total of 86 maize samples
(approximately 1000g) from 15 districts of Karnataka state
were collected from markets, local stores, agricultural
cooperatives and farm fields (after the harvest) during the
three harvest seasons of 2004 and 2005, Samples were
brought to the laboratory in sterile plastic bags and kept
at 4°C. All the samples were subjected to mycological
analysis.

Mycological Analysis: To know the frequency and
relative density of fungi, maize kernels were plated on
potato dextrose agar (PDA) medium by agar plating
method [10]. Since, PDA medium was unsuitable for the
1solation of Fusarium species from the natural sources,
MGA 2.5 medium as recommended by Bragulat et al [11]
was also used. Two hundred (200) maize kernels from
each sample were surface sterilized with 2% sodium-
hypochlorite solution for 3 min. and rinsed twice with
sterile distilled water. Samples were then plated on PDA
and MGA 2.5 agar plates at the rate of 10 kernels per plate.
The plates were incubated under alternating periods
of 12h darkness and 12h of daylight at 25+£2°C for 7 days.

Tdentification of Fungi: The fungal colonies on maize
kernels were visualized using stereo-binocular microscope
(Magnus MS24). Representative 1solates of fungal
species were transferred onto Potato Dextrose Agar
(PDA) and Spezieller Nahrstoffarmer Agar (SNA) medium
the
characteristics. All the 1solates of Fusarium species were

to  study macre and micro morphological
wdentified up to the species level by using fungal keys and
manuals [12, 13, 14]. The isolation frequency and relative
density of each fungal species was calculated as per the

procedure of Ghiasian et al. [15].

Statistical Analysis: The Statistical Presentation System
Software (SPSS) was used to calculate the means,
standard errors and standard deviations. One-way
ANOVA was applied to the data to determine differences.

RESULTS AND DISCUSSION

In the semi-arid tropics of Asia and Africa people
depend on cereals such as sorghum, maize, wheat etc. as
their staple diet. The quality of these grains is often
lowered, following colonization by fungi with subsequent
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mycotoxin contamination [16, 17]. Due to non-scientific
agricultural practices, intermittent rain at the time of
harvest and poor storage facilities, grains are pre-
disposed to fungal mnfection and grain bio-deterioration
[18]. The grain bio-deterioration 1s a dynamic process,
which leads to the loss of physical and nutritional
qualities, which eventually render grains unsuitable for
human consumption. Throughout the world, much
attention has been given to know the frequency and
relative density of mycoflora occurring on maize grains.
However, data on frequency and relative density of fungal
species onmaize grains is very limited in Karnataka, India.

Mycological examination of 86 maize samples
collected from different districts of Kamataka by agar
plating method revealed the occurrence of 17 mycoflora
such as Fusarium, Aspergillus, Curvularia, Alternaria,
Phoma,
Cladosporium, Nigrospora, Epicoccum, Trichothecium,

Penicillium,  Drechslera, Chaetomium,

Rhizopus, Trichoderma, Mucor, Paecilomyces and
Geotrichium species. The most dominant fungal genera
were Fusarium and Aspergillus with the frequency 96.5%
and 94.2 % respectively. The fungal genera such as
Penicillium (77.9%), Nigrospora (48.8%), Chaetontiun:
(37.2%), Drechslera (25.6%) and others were also isolated.
The
mycoflora with 41.7% relative density. The species of
Fusarium (27.5%) and Penicillizim (13.7%) were the other
most 1mportant fungal genera recorded with high
relative density (Fig. 1). The relative density of these

fung: indicated the extent of pre-harvest contamination

species of Aspergillus was the predominant

and relative damage to physiological and biochemical
quality parameters of maize kemels. These fungi when
grow on kernels, can reduce the germmation along with
loss of carbohydrate, protein and oil content, increases
the moisture content, free fatty acid and thus reduce the
dry matter content [16]. The fungal growth also causes
discolouration of grain, heating, mustiness, dry matter
loss and production of several secondary metabolites
such as mycotoxins, which are potentially dangerous to
humans and animals [5, 18].

The incidence of Fusarium species on agar
(MGA 2.5) revealed the occurrence of mne different
Fusarium species with high frequency and relative
density. The study showed that, lgh frequency
of F. verticillioides (86.0%), F. anthophilum (60.5%),
F. proliferatum (42.2%) and F. pallidoroseun: (39.5%)
respectively. The low frequency o f F. graminearum
and F. solani (4.7% and 3.5%) were also recorded.
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Fig. 1: Fungal genera isolated from maize samples collected from Karnataka, India

Table 1: Fusarium species isolated from maize samples collected from Karnataka, India

S1. No. Name of the Fungus Total No. of Isolates Frequency Relative density
1 F. verticillioides 2308 86.0 445

2 F. proliferatum 1475 442 28.5

3 F. oxysporum 12 08.1 00.2

4 F. anthophilum 1001 60.5 19.3

5 F. pallidoroseum 223 39.5 04.3

6 F. sporotrichioides 74 233 01.4

7 F. solani 4 03.5 0.10

8 F. decemcellulare 75 08.1 01.4

9 F. graminearum 6 04.7 00.1
Table 2: A spergillus species isolated from maize samples collected from Karnataka, India

S1.No. Name of the Fungus Total No. of Isolates Frequency Relative density
1 A. flavus 3632 84.9 46.2

2 A. niger 3744 83.7 47.6

3 A. flavus columnaris 90 19.8 01.1

4 A. versicolor 75 18.6 01.0

5 A. candidus 111 09.3 01.4

6 A. fumigatus 11 04.7 00.1

7 A. ochraceous 177 31.4 02.3

8 A. nidulans 5 02.3 00.1

9 A. oryzae 20 03.5 00.3

10 A. tamari 1 01.2 0.01
Similarly  F.  verticillioides was the predominant 98.7% incidence Fusarium species on corn [19]. In the

Fusarium species recorded with 44.5% relative density.
F. proliferatum (28.5%) and F. anthophilum (19.5%)
were the other Fusarium species recorded with high
relative density (Table 1). It should be noted that,
F. verticillioides was isolated from almost all the samples
with high frequency (86.0%). Similar data has been
obtained in the State of Parana, Brazil where they detected
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same region, F. moniliforme (=F. verticillioides) was the
most frequently isolated fungal species, followed by
F. proliferatum, F. subglutinans and F. graminearum
respectively. In Italy, Logrieco et al. [20] reported the
occurrence of F. moniliforme in pre-harvest maize ears
(yellow hybrids) and it was the predominant species in
infected ear kernels. F. moniliforme is considered to be
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Table 3: Other fingal species isolated from maize samples collected from Kamataka, India

S1. No. Name of the Fungus Total No. of Isolates Frequency Relative density
1 Curvitlaria functe 40 08.1 51.9
2 Cupvularia spp. 37 08.1 481
3 Drechsilera orveae 137 19.8 86.2
4 Drechslera spp. 22 05.8 13.8
5 Cheetomium indicum 256 20.9 335
6 Cheetomium globosum 189 12.8 24.7
7 Chae tomium spp. 319 32.6 41.8
8 Phoma lingam 15 017 07.1
9 Phoma spp. 196 17.4 92.9
10 Cladosporium cladosporioides 26 02.3 21.5
11 Cladosporium herbarum 3 01.2 02.5
12 Cladosporim spp. 92 15.1 76.0
13 Nigrospora oryzae 313 26.7 29.1
14 Nigrospora spp. 763 38.4 70.9
15 Rhizopus stolonifera 139 07.0 25.0
16 Rhizopus nigricans 5 01.2 00.9
17 Rhizopus spp. 411 20.9 74.1
18 Trichoderma harzicnmim 3 02.3 02.4
19 Trichoderme viride 37 07.0 29.1
20 Trichoderma spp. 87 12.8 68.5

the most common Fusarium species oceurring in tropical
and subtropical climates and the most prevalent
fungus associated with com m USA [4]. The survey
conducted worldwide also showed that, F. verticillioides,
F. proliferatum and F. anthophilum are most frequently
1solated species 1 maize and are able to produce
fumonisins [7-9].

In the present investigation, the predomimant
Aspergillus species 1solated as internal mycoflora were
A. flavus (84.9%), A. niger (83.7%), A. ochraceous (31.4%),
A, flavus  colummaris (19.8%) and 4.
(18.6%) respectively. The low frequency 4. nidulans
(2.3%) and A. famari (1.7%) was also recorded. The
data on relative density showed that 4. niger was
the predominent Aspergillus species with 47.6%
followed by 4. flavus (46.2%) (Table 2). Further,
mycological analysis of maize samples for the other
mternal mycoflora revealed that, Nigrospora species
(38.4%) was recorded followed by Chaetomium
species (32.6%). other fungal species such as Rhizopus
sp. (20.9%), Drechslera oryzae (19.8%), Phoma sp.
(17.4%), Cladosporium sp. (15.1%) and Trichoderma sp.
(12.8%) were also recorded with
(Table 3). The fungal species
relative density are given in the Table 1, 2, 3. Sunilar
reports were also available on incidences of fungal
species on various cereals [7, 9, 21-25]. Almeida et al. [24]

versicolor

lower frequency

frequencies  and
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reported that Fusarium, Penicillium, Aspergillus and
two other filamentous fungal genera were found
associated with corn kemmnels. Gliasian ef al. [15] reported
that, predominated fungal species such as Fusaritm
(38.5%), Aspergillus (8.7%), Rhizopus (4.8%), Penicillium
(4.5%), Mucor (1.1%) and four other fungal genera on
cereals. Although Aspergillus species considered as
storage fungi, these can also oceur mn field conditions.
The presence of 4. flavus in freshly harvested maize
was previously observed by Almeida et al. [24]. The data
on the frequency and relative density of fungi would be
of great significance for predicting post-harvest
deterioration and extent of mycotoxmns contamination in
maize grains produced in Karnataka, India. Fungi
assoclated with maize in Kamataka are of serious concern
due to their toxigenic potential. The data on the frequency
and relative density presented in the present study
would be of great importance in this region for predicting
the extent of post-harvest infection, colonization,
deterioration and extent of mycotoxms i maize grains.
This data is of immense value for assessing the possible
health hazards m humans and animals upon consumption
of such contaminated maize grains by toxigenic moulds.
The results of this study are highly useful for further
studies on toxin producing fungi and their epidemiological
significance in maize crops grown in Kamataka and
elsewhere in India.
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