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Abstract
Plant pathogenic fungi belong to the Kingdom Fungi comprising of over 100,000 registered species grouped into about 4,300 

genera. Many of these fungi infect a variety of cereals particularly stored condition. A study was conducted in the Dawanau and Rimi 
Markets of Kano state of Nigeria to quantify the number, types and frequency of occurrence of Plant pathogenic fungi associated with 
stored grains in these markets. The total fungal load and pathogenicity test was also conducted besides subjecting the fungal load 
for exact identification using the Molecular Biology Technique. A total of seven (7) fungal isolates were isolated from the collected 
grains. It was found that Genus Aspergillus was the most frequent isolate (44.8%) from the two markets combined while Alternaria 
spp. was the least reported fungi (6.9%) from the grains collected from these two markets. Some species of Aspergillus are known to 
produce Aflatoxins. A combination of many different isolates was present on the grains. The molecular identification method using 
Polymerase Chain Reaction (PCR) helped in the identification of fungi at the species level with precision and in the least possible 
time. The study concludes that there is need for having a National Level, Germplasm collection centre and detailed database of all the 
naturally occurring post-harvest Plant pathogenic fungi in Nigeria for easy intervention and timely overcoming of situations in case 
of any emergency.
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Introduction

The name “Fungi” is a Greek word and simply represents the 
most popular member of the group known as Mushroom. Al-
though Fungi are not easily defined in a single term by most my-
cologists, they can be described as a diverse congregation of eu-
karyotic, achlorophyllous, chemo-organotrophic, spore-bearing 
living organisms that were formerly regarded as plants. They were 
therefore initially grouped with algae in the division “thallophyta” 
probably because of their enormous similarities, especially in re-
productive behaviours [17]. However, they possess many differ-
ences from the typical plants hence, in the five-kingdom classifica-
tion; the fungi are separated and grouped into a separate kingdom 

(kingdom fungi), comprising of about 50,000 to 100,000 registered 
species usually grouped into about 4,300 genera [1].

Cereals and derived products represent an important nutrient 
source for mankind world-wide. In addition, they are the most im-
portant dietary food for North African populations [22]. They are 
the major source of calories and proteins for the people of Nigeria 
[19]. The major cereals cultivated in Nigeria are sorghum, millet, 
rice and maize. Cereal grains constitute an important group of sub-
strates for fermented foods in tropical Africa. The common cere-
als which are used include maize, sorghum and millet. Fermented 
foods from cereals include: Ogi produced from millet, sorghum or 
maize; Kenkey, a staple food in Ghana produced from maize, Tuwo, 
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the staple food in Northern Nigeria produced from both maize and 
sorghum. In West Africa, crop production is mostly concentrated 
in the drier parts of the region owing to its drought tolerance. It is 
mainly grown in the Northern areas of Nigeria and the Republic of 
Niger [4,16].

Unfortunately, cereals are naturally contaminated with fungi in 
the field, during drying, processing, transportation and subsequent 
storage and it may be difficult to completely prevent mycotoxins 
formation in contaminated commodities, particularly those that are 
produced in tropical and subtropical climates, in countries where 
high temperature and humidity promote the growth and prolifera-
tion of fungi [9]. Thus, they are often colonised by fungi, includ-
ing species from the genus Aspergillus, Penicillium and Fusarium, 
which cause significant reductions in crop yield, quality and safety 
due to their ability to produce mycotoxins. Mycotoxins commonly 
occurring in cereals and cereal products include zearalenone, fu-
monisins, trichothecenes (as deoxynivalenol and T2-HT2), ochra-
toxin and aflatoxins [15]. It was reported that 25-50% of harvested 
world crops have been contaminated with mycotoxins [23]. A num-
ber of surveys have been carried out to identify a general pattern 
of toxigenic fungi and mycotoxins contamination in crops that are 
dried prone to contamination.

Cereals are attacked by a number of fungi at every stage of de-
velopment [25]. Reported that fungi cause about 50-80% damage 
to farmers’ grain during the storage period or when conditions are 
favourable for their development resulting in significant loss both 
quantitatively and qualitatively. In addition, fungi produce myco-
toxins which are hazardous to man and animals. Various reports 
have shown yield losses of up to 67% [5-7,20]. The storage fungi 
damage the grains in several ways; they reduce the germinability, 
produce undesirable odour and kernel discolouration, depletion in 
seed viability, hardness, colour, size and shape, grain weight and 
various biochemical parameters; protein, carbohydrate and vita-
mins decrease the food value and also produce toxins injurious to 
the health of consumers [12,14].

The present study was designed to quantify the number, type 
and frequency of fungal isolates in the two markets- Dawanau and 
Rimi of Kano state in Nigeria. The grains were further subjected 
to pathogenicity test and molecular level identification using PCR 
technique for identification of different isolates from a group of iso-
lates parasitizing upon the same grains.

Materials and Method

Reagents used

•	 1% aqueous sodium hypochlorite

•	 10% sodium hypochlorite solution

•	 Lysis buffer M

•	 Binding buffer 1

•	 70% ethanol

•	 Elution buffer E

•	 Master mixes (dNTPs, polymerase enzymes, Magnesium 
chloride and reaction buffer)

•	 PCR grade water

•	 ITS1 and ITS4 primers

•	 1% agarose gels

•	 Ethidium bromide

•	 Distilled water

Samples collection

Samples of grains (Maize, millet and Sorghum) were purchased 
randomly from the two major grain markets in Kano state namely, 
Dawanau and Rimi in the 2019 dry season. Samples collected from 
Dawanau market were found spread on sacks for many days while 
that of Rimi market were found in large metallic containers. The 
samples were packed in polyethylene bags, brought to the labora-
tory and labelled accordingly for further processing.
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Figure 1: Political map of Kano State of Nigeria.



Sample preparation

The grains were surfaced sterilized by dipping into 1% aqueous 
sodium hypochlorite solution for 1 min, followed by three succes-
sive rinses in sterile distilled water. The grains were blotted dry in 
between sterile Whatman No. 1 filter paper and plated on Potato 
Dextrose Agar (PDA) at the rate of 10 grains per plate and incu-
bated at a temperature of 25 ± 2°C for 7 days as described by Hus-
sein and Solomy, (2012) [8]. Mixed growth was then sub-cultured 
to obtain axenic cultures.

Morphological identification of fungal isolate

The isolated fungi were identified according to colony morphol-
ogy and microscopic examination as described by Barnet and Hunt-
er, 1987 [2] Nelson., et al. (1983) [18] Pitt and Hocking, (1997) [21] 
Leslie and Summerall, (2006) [11].

Pathogenicity test 

A pathogenicity test was carried out to prove Koch’s postulate. 
All fresh samples were separately washed in 10% sodium hypo-
chlorite solution followed by three successive rinses in distilled 
water and allowed to dry. A sterilized needle were used to streaked 
fungal hyphae from mixed culture and then placed on fresh sam-
ples of millet and sorghum. Controls were inoculated with sterile 
distilled water. Sterilized forceps was used to remove portions 
from the disease areas on the 4th day and placed on freshly pre-
pared PDA plates and incubated at 25.7 ± 2oC for 3 days. Fungal 
growth that appeared was recorded.

Molecular identification of fungal isolate

Extraction of DNA

Cell pellet extraction

Fungal mycelium was produced in 20 ml of Potato Dextrose 
Broth (PDB). Mycelium was harvested by pouring the media onto 
1.7 ml Eppendorf tube and freeze centrifuged for 5 mins, 8°C at 
14,000 rpm, the sediment was then pipetted unto 1.7 ml microcen-
trifuge tube.

Lysate preparation

600 ml of lysis buffer M was added to the cell pellet and was 
briefly vortexed. The lysate was then transferred to an RNase- free 
microcentrifuge tube, incubated for 10 mins at 65°C, and 100 ml 
of binding buffer 1 was added, brief vortexed thoroughly and in-

cubated for 5 mins on ice. The lysate was then pipetted unto filter 
column (clear O-ring), spun for 2 mins, at 8°C and 14,000 rpm, the 
clear supernatant from the flow-through was pipetted unto a DN-
ase free microcentrifuge tube. An equal volume of 70% ethanol was 
added and the lysate was vortexed for 2 mins at 8°C, 14,000 rpm.

Binding nucleic acid to column

The lysate was transferred unto a spin column (grey O-ring), 
600 ml of clarified lysate with ethanol was applied unto the column 
and was centrifuged for 1 min at 8°C, 6,000 rpm.

Column Wash

500 µl of solution WN was applied to the column, centrifuged 
for 1 min at 8°C, 20,000 rpm, the flow-through was discarded and 
the column was re-assembled with the collection tubes. 500 µl of 
wash solution A was applied to the column, centrifuged for 1 min 
at 14, 000 rpm and the flow through was discarded and the col-
umn was re-assembled with the collection tubes. The steps were 
repeated to wash the column a second time with wash solution A, 
followed by spinning the column for 2 mins, at 8°C 14,000 rpm to 
mix and dry the resin. The collection tube was discarded.

Nucleic acid elution

The wash column was placed into a 1.7 ml elution tube, 75 µl 
of elution buffer E was added to the column and the column was 
centrifuged for 2 mins at 14,000 rpm, 8°C followed by 1 min spin 
under the same conditions.

PCR amplification

The PCR amplifications were carried out in a total volume of 
20 µl, containing 10 µl of master mixes (dNTPs, polymerase en-
zymes, Magnesium chloride and reaction buffer), 5 µl of PCR grade 
water, 3 µl of DNA and 1 µl of ITS1 and ITS4 primers respectively. 
The sequences of the ITS1 and ITS4 primers were 5’-TCCGTAGGT-
GAACCTGCGG-3’ and 5’-TCCTCCGCTTATTGATATGC-3’ respectively. 
The PCR amplification was carried out according to the following 
temperature profile: An initial step of 5 min at 94°C, 40 cycles of 
50 sec at 94°C, 30 sec at 56°C, 30 sec at 72°C and a final step of 5 
mins at 72°C.

Gel electrophoresis

Electrophoresis of PCR-amplified products was performed in 
1% agarose gels (low melting) for 45 mins at 7.0 V cm-2. The PCR 
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products were stained with 10 µl of ethidium bromide and visual-
ized with 305 nm ultraviolet light.

DNA sequencing

DNA sequencing was sent to Macrogen Incorporation, Seoul, 
South Korea.

Data analysis

The data obtained were analyzed using Microsoft excel. Two-
way Analysis of Variance (ANOVA) was conducted to see if differ-
ences exist between the two sampling sites (Dawanau and Rimi 
markets) and different species of fungal isolates. (Level of signifi-
cance α = 0.05). 

Results and Discussion

Fungal iso-
lates

Dawanau 
sample

Maize millet 
sorghum

Rimi sample
Maize millet 

sorghum

Total Inci-
dence

(%)

A. Niger
A. flavus

Alternaria spp.
Cladosporium

Fusarium
Rhizopus

1
1

*ND
2

ND
1

1
1

ND
1
1

ND

3
ND
ND
ND
1

ND

2
ND
ND
1

ND
1

ND
1
1
1
4
1

2
1
1

ND
ND
ND

9
4
2
5
6
3

31.0
13.8
6.9

17.2
20.6
10.3

Total 13 16 29 100

Table 1: Frequency of Fungal isolates identified in samples ob-
tained from Dawanau and Rimi Markets.

*ND = Not Detected

Fungal isolates Dawanau Rimi total
A.niger
A.flavus

Alternaria
Cladosporium

Fusarium
Rhizopus

5
2
0
3
2
1

4
2
2
2
4
2

9
4
2
5
6
3

Table 2: Total incidence of fungal isolates identified in samples 
obtained from Dawanau and Rimi Markets.

Total 13, 16, 29.
*Analysis of Variance have shown no significant difference be-
tween the sampling sites and different fungal isolates, P > 0.05 at 
5% level of significance.

Fungal 
isolates

Dawanau
Maize millet 

sorghum

Rimi
Maize millet 

sorghum
A.niger
A.flavus

Alternaria
Cladosporium

Fusarium
Rhizopus

+
+
-
+
-
+

+
+
-
+
+
-

+
-
-
-
+
-

+
-
-
+
-
+

-
+
+
+
+
+

+
+
+
-
-
-

Table 3: Pathogenicity test result on fresh/ 
apparently healthy seeds.

Detected = “+”, Not detected = “-“.
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Figure 2: PCR products obtained from fungal isolates using ITS 
primer pair. 

Lane M: Molecular weight markers, NC: Negative control; A, B, C, 
D, E, F and G are the PCR products of 
isolates. Samples were run on 2% Agarose gel. Isolate C, D and E 
shows no bands, therefore, they are

re-run again.

Figure 3: PCR products obtained from fungal isolates using ITS 
primer pair.

Lane M: Molecular weight markers, NC: Negative control, C, D 
and E are the PCR products of isolates C, D and E. Samples were 
run on 1% agarose gel.



Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Aspergillus japonicus CBS114.51 hypothetical 
protein (B086DRAFT 302044), partial mRNA
Aspergillus uvarum CBS 121591 hypothetical 
protein (B082DRAFT 284251), partial mRNA

39.2
39.2

39.2
39.2

37
37

9.3
9.3

100.0
100.0

XM025667517.1
XM025631450.1

Table 4: Sequence producing significant alignments for isolate A.

Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Syncephalastrum racemosum strain SJ5 internal tran-
scribed spacer 1 and 5.8S ribosomal RNA, p

Syncephalastrum racemosum culture-collection MUT 
<ITA> 2770 internal transcribed spacer 1, partial s

Syncephalastrum racemosum strain SWC 18 internal 
transcribed spacer 1, partial sequence; 5.8S, ribos

Syncephalastrum monosporum var. monosporum CBS 
569.91 internal transcribed spacer 1, part

Syncephalastrum monosporum strain EML-BTS-1 inter-
nal transcribed spacer 1, partial sequence; 5.8S

Syncephalastrum monosporum var. Cristatum strain CBS 
568.91 internal transcribed spacer partial se

Synvephalastrum monosporum pluriproliferum CBS 
569.91 internal transcribed spacer region, from TYPE 

material
Syncephalastrum monosporum strain CBS 569.91 inter-

nal transcribed spacer 1, par
Syncephalastrum spp H23 internal transcribed spacer 1, 

partial sequence; 5.8S ribosomal RNA gene, co
Syncephalastrum monosporum strain UBOCC-A-101373 

18S ribosomal RNA gene, partial sequence, in

342

737

787

785

713

782

780

780

780

780

342

737

787

785

713

782

780

780

780

780

34

78

84

86

78

86

86

86

86

86

1e-89

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

96.60

95.11

94.85

94.35

94.22

94.17

94.15

94.15

94.15

94.15

KX530450.1

KM668151.1

KY065367.1

MH862279.1

KY047152.1

MH862280.1

NR160185.1

MH86228.1

KV058977.1

KF225035.1

Table 5: Sequence producing significant alignments for isolate B.

Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Rhizopus stolonifer MJU-5 internal transcribed spacer 1, partial 
sequence;5.8S ribosomal RNA gene

Aspergillus niger isolate KUSR1 internal transcribed spacer 1, 
partial sequence; 5.8S ribosomal RNA gene

Rhizopus stolonifer MJU-4 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA gene

49.1

49.1

49.1

49.1

49.1

49.1

53

53

53

0.024

0.024

0.024

91.18

91.18

91.18

MN413688.1

MN416235.1

MN413687.1

Table 6: Sequence producing significant alignments for isolate C.
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Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Aspergillus niger Vom18 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA gene

Uncultured fungus clone S138 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA gene

Penicillium crustotum isolate 32/a21endo internal transcribed 
spacer 1, partial sequence; 5.8S ribosomal

Aspergillus tubingensis isolate B3181 small subunit ribosomal RNA 
gene, partial sequence; internal tran

Aspergillus niger haplotype ZmH27 18S small subunit ribosomal 
RNA gene, partial sequence; internal tran

Aspergillus niger haplotype ZmH26 18S small subunit ribosomal 
RNA gene, partial sequence; internal tran

Aspergillus niger haplotype ZmH25 18S small subunit ribosomal 
RNA gene, partial sequence; internal tran

Aspergillus niger haplotype ZmH24 18S small subunit ribosomal 
RNA gene, partial sequence; internal tran

48.2

48.2

47.3

43.7

43.7

43.7

43.7

43.7

48.2

91.8

47.3

43.7

43.7

43.7

43.7

43.7

50

50

54

50

50

50

50

50

0.022

0.022

0.077

0.94

0.94

0.94

0.94

0.94

93.55

93.55

90.91

90.32

90.32

90.32

90.32

90.32

MK640638.1

KY978370.1

KP714285.1

MT043791.1

MG228419.1

MG228418.1

MG228417.1

MG228416.1

Table 7: Sequence producing significant alignments for isolate D.

Description Max 
score

Total 
score

Query 
cover (%)

E-
value

Ident 
(%)

Accession

Fusarium equiseti strain AM83 18S ribosomal RNA gene, partial 
sequence: internal transcribed spacer

Fusarium sp isolate AM83 small subunit ribosomal RNA gene, par-
tial sequence; internal transcribed spacer

Uncultured fungus clone 036A20180 18S ribosomal RNA gene, 
partial sequence; internal transcribed spacer

Uncultured fungus clone 039A50611 ribosomal RNA gene, partial 
sequence; internal transcribed spacer

Fusarium equiseti isolate F192 18S ribosomal RNA gene, partial 
sequence; internal transcribed spacer 1

Uncultured fungus clone 037A38622 18S ribosomal RNA gene, 
partial sequence; internal transcribed spacer

Uncultured fungus clone 106A57747 18S ribosomal RNA gene, 
partial sequence; internal transcribed spacer

Fusarium equiseti isolate JG58 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA

41.9

41.9

41.9

41.9

41.0

39.2

39.2

40.1

41.9

41.9

41.9

41.9

41.0

39.2

39.2

40.1

64

64

64

64

68

66

66

72

1.9

1.9

1.9

1.9

1.9

6.8

6.8

6.8

84.38

84.38

84.38

84.38

82.35

81.82

81.82

80.56

MG583741.1

MH259186.1

JX378544.1

JX374427.1

KP267111.1

JX355520.1

JX324064.1

KJ412505.1

Table 8: Sequence producing significant alignments for isolate E.
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Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Aspergillus flavus isolate L-218/2013 internal transcribed spacer 1, 
partial sequence;5.8S ribosomal RNA

Aspergillus flavus GGV B703 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA

Aspergillus toxicarius CBS 822.72 internal transcribed spacer region; 
from TYPE material

Aspergillus oryzae strain AO- KS0309 internal transcribed spacer 1, 
partial sequence; 5.8S ribosomal RNA

Aspergillus flavus isolate AM- 05 internal transcribed spacer 1, par-
tial sequence; 5.8S ribosomal RNA gene

Aspergillus flavus Therm internal transcribed spacer 1, partial se-
quence; 5.8S ribosomal RNA gene

Aspergillus flavus internal transcribed spacer 1, partial sequence; 
5.8S ribosomal RNA gene and internal

Aspergillus flavus isolate A453 13 18S ribosomal RNA gene, partial 
sequence; internal transcribed spacer

Aspergillus nomius isolate C internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA gene

Aspergillus flavus haplotype ZmH21 18S small subunit ribosomal 
RNA gene, partial sequence; internal transcribed spacer

48.2

50.0

50.0

50.0

46.4

44.6

46.4

46.4

43.7

43.7

48.2

93.6

50.0

50.0

90.0

44.6

46.4

46.4

43.7

43.7

60

60

60

60

60

56

56

60

60

60

0.015

0.004

0.004

0.004

0.054

0.19

0.054

0.054

0.66

0.66

93.94

93.75

93.75

93.75

93.75

93.55

93.33

91.18

90.91

90.91

MN533862.1

KC907367.1

NR138297.1

HM753601.1

MN031597.1

KF946095.1

KJ831193.1

JX501410.1

MK440000.1

MG228413.1

Table 9: Sequence producing significant alignments for isolate F.

Description Max 
score

Total 
score

Query 
cover (%)

E- 
value

Ident 
(%)

Accession

Aspergillus tubingensis internal transcribed spacer 1, partial sequence; 
5.8S ribosomal RNA gene, compl

Uncultured fungus clone S138 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA

Aspergillus tubingensis isolate 12 internal transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA gene

Aspergillus tubingensis isolate HSA54 internal transcribed spacer 1, par-
tial sequence; 5.8S ribosomal RNA

Aspergillus tubingensis HSA51 small subunit ribosomal RNA gene, partial 
sequence, internal

Aspergillus tubingensis CNUML 003 small subunit ribosomal RNA gene, 
partial sequence, internal

Aspergillus spp strain K2 internal transcribed spacer 1 and 5.8S ribosom-
al RNA gene, partial sequence

Aspergillus tubingensis Sh3 small subunit ribosomal RNA gene, partial 
sequence, internal transcribed spacer

Aspergillus niger isolate Saba3 18S ribosomal RNA gene, partial sequence

51.8

51.8

48.2

47.3

47.3

47.3

51.8

48.2

48.2

51.8

99.1

48.2

47.3

47.3

47.3

51.8

95.4

48.2

58

58

55

58

58

58

67

67

67

0.001

0.001

0.018

0.063

0.063

0.063

0.001

0.018

0.018

93.94

93.94

93.53

90.91

90.91

90.91

89.47

86.84

86.84

MF952445.1

KY978370.1

HQ905469.1

MN839772.1

MN839771.1

MN818622.1

MH201394.1

KY615746.1

KX073814.1

Table 10: Sequence producing significant alignments for isolate G.
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Discussion 

Storage fungi associated with grain samples from the two prom-
inent grain market in Kano state; Dawanau and Rimi were isolated 
and identified. The results showed that all the grains (Maize, Mil-
let and Sorghum) obtained from the two markets were infested 
with various degrees of fungi. The result indicated the isolation 
and identification of five fungal genera with incidence: Aspergil-
lus (44.8%), Alternaria (6.9%), Cladosporium (17.2%), Fusarium 
(20.6%) and Rhizopus specie (10.3%). The most common genera 
isolated were Aspergillus and Fusarium. Among Aspergillus spe-
cie, the strains identified were A. flavus strain which are known to 
produce aflatoxins and A. niger which are known to produce och-
ratoxin A could pose a risk to consumer health. It is observed that 
a total of 29 isolates were discovered throughout the study from 
all the samples obtained from Dawanau and Rimi markets. How-
ever, of these isolates, the most frequently occurring was Aspergil-
lus niger (31.0%) and the least was Alternaria (6.9%). The fungal 
isolates were very much associated with grain samples obtained 
from both markets with samples obtained from Rimi market with a 
high number of fungal occurrences. The results have demonstrated 
the invasion of grains with mycotoxin producing fungi sold in Kano 
markets. These results are similar to works of Kutama and Aliyu, 
2008 [10] who isolated three fungal genera from local groundnut 
samples sold in Kano markets [26] who isolated six Aspergillus 
strains from millet and sorghum.

The pathogenicity test confirmed Koch’s postulate for the iden-
tification of the causative agent of a particular disease. The patho-
gens were present in all cases of the disease. The same pathogens 
were isolated from the diseased host and re-grown in pure culture 
when inoculated into a healthy grain sample of millet and sorghum 
the pathogen from the pure culture caused the same disease. The 
same pathogen was re-isolated from the new host and shown to be 
the same as the originally isolated pathogen.

The data obtained were analyzed using Microsoft excel statisti-
cal package. The two-way ANOVA results revealed that the p-value 
is 0.11 for the different fungal isolates, which is greater than 0.05 
level of significance. Similarly, the p-value for the two sampling 
sites is 0.41 which is also greater than the 0.05 level of significance. 
The results obtained from the statistical analysis have shown no 
significant difference between the two sampling sites and different 
fungal isolates, as P-value > 0.05 in both cases.

Seven fungal isolates were amplified on the basis of their mo-
lecular characteristics. The amplification of the 18S rRNA gene 
with ITS1 and ITS4 primers has been successfully performed and 
the 18S rRNA gene was chosen as a target for PCR amplification 
because the sequence data is widely used in the molecular analysis 
to reconstruct the history of the organism.

Sequencing of the seven amplicons was successfully performed 
by Inqaba Biotechnical Industries (Pty) Ltd, Pretoria, South Africa. 
Sequence analysis of the nuclear-encoded rDNA showed significant 
alignments (100%) identity in isolate A for Aspergillus japonicus 
CBS114.51 (GenBank accession No. XM025667517.1), this fungal 
specie was classified under the genus Alternaria at the morpho-
logical level of identification. (96.60%) identity in isolate B for 
Syncephalastrum racemosum strain SJ5 (GenBank accession No. 
KX530450.1). this fungal specie was classified under the genus 
Rhizopus at the morphological level of identification. (91.18%) 
identity in isolate C for Rhizopus stolonifer MJU-5 (GenBank acces-
sion No. MN413688.1), This fungal sample was classified under the 
genus Cladosporium at the morphological level of identification. 
(93.55%) identity in isolate D for Aspergillus niger Vom18 (Gen-
Bank accession No. MK6406381), This fungal sample was identi-
fied as Aspergillus flavus. (84.38%) identity in isolate E for Fusar-
ium equiseti strain AM83 (GenBank accession No. MG583741.1), 
This fungal sample was classified under the genus Fusarium at the 
morphological level of identification. (93.94%) identity in isolate 
F for Aspergillus flavus isolate L-218/2013 (GenBank accession 
No. MN533862.1), this fungal sample was classified as Aspergil-
lus niger at the morphological level of identification and (93.94%) 
identity in isolate G for Aspergillus tubingensis (GenBank accession 
No. MF952445.1), this fungal sample was identified as Aspergillus 
niger at the morphological level of identification.

These results agreed with the results of Danazumi., et al. 2015 
[3] who obtained four fungal genera from sorghum samples and 
similar to that of Omaima., et al. 2018 [24] that isolated five fungal 
genera in different grain samples from all Egyptian governorates. 
The fungal organisms isolated from the grain samples in this study 
are known to be spoilage organisms associated with many agricul-
tural products including cereals, fruits and nuts Muhammad., et 
al. 2014) [16]. These fungi might have colonized the grains during 
production in the field, transportation or storage. The variation in 
the frequency of their occurrence may have reflected differences in 
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the inoculum density in the area or the prevailing environmental 
conditions favouring the growth of the fungi.

Conclusion 

Seven fungal species were isolated from three-grain samples 
obtained from the two prominent grain markets in Kano state. The 
isolated species were identified morphologically as; Alternaria, 
Aspergillus flavus, Aspergillus niger, Cladosporium, Fusarium and 
Rhizopus species. The fungal samples were then identified through 
molecular techniques by sequencing of 18S rRNA gene using ITS1 
and ITS4 primers and were identified as; Aspergillus flavus, Asper-
gillus japonicus, Aspergillus niger, Aspergillus tubingensis, Fusarium 
equiseti, Rhizopus stolonifer and Syncephalastrum racemosum.

The molecular techniques used in this study, has added great 
benefits to the process of distinguishing between similar species of 
fungi in comparison with the classical techniques.

Recommendations

•	 Molecular classification procedure should be encouraged as 
its a fast procedure, requires minimal management of patho-
gens and also helps in distinguishing morphologically simi-
lar species.

•	 The presence of fungi in the sample grains is an indication 
that there is a need for effective monitoring of fungal con-
tamination and raising awareness on the hazards of fungi 
and their mycotoxin on human and animal health. 

•	 Testing seeds health of major crops should be introduced in 
the national control system, and proper harvesting, packag-
ing and storage conditions should be promoted. 

•	 The use of resistant cultivars should also be encouraged.
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