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Abstract Onion bulbs rots are caused by microorganisms
especially fungi leading to economic loss. These fungi have
been known to produce toxins which are injurious to human
and animal health, therefore in this study, the fungi
associated with the spoilage of onions bulbs purchased from
Umuike, Amaikwo, Amaudo, Okpuno and Permanent site
markets were isolated, characterized and identified. The
average fungal counts ranged between 1.2 x 103 CfU/ml and
2.0 x 103 CfU/ml. The fungi isolated from the spoilt onion
bulbs were Penicillum digitatum, Fusarium oxysporum,
Rhizopus stolonifer, Alternaria alternata, Aspergillus niger
and Saccharomyces cerevisiae. The samples from Amaudo
market had the highest percentage distribution of fungi of
34.2% while those from permanent site had the least
percentage distribution of 8.6%. Aspergillus niger had the
highest percentage distribution of 34.29% in the spoilt onion
bulbs while Saccharomyces cerevisiae had the least
percentage distribution of 5.71%. Aspergillus niger also had
the highest rot diameter of 40mm while Saccharomyces
cerevisiae had the least rot diameter of 16mm. Adequate
mycological knowledge, storage facilities and handling
practices would therefore minimize the deterioration of
onion bulbs thereby ensuring its availability to the society all
year round.
Keywords

Bulbs, Markets

Fungi, Deterioration, Post-harvest, Onion

1. Introduction
Onion (Allium cepa L.) is an important vegetable crop in
Nigeria based on consumption and economic values to
farmers. It is one of the most important and familiar spice
crops throughout the world. The crop is grown for its bulbs
which are harvested in most countries once a year and are
used daily in every home for seasoning and flavouring of
foods. Onion is a valuable ingredient in the diet due to its
content of sugars, vitamins, minerals, electrolytes, proteins

and dietary fibre [1-3].
Numerous benefits have been attributed to onions
including prevention of cancer and cardiovascular disorders,
reduction in the blood levels of cholesterol, reduction in
osteoporosis, reduction in stomach ulcers, inhibition of the
proliferation of cultured ovarian, breast and colon cancer
cells, inhibition of platelets-mediated thrombosis, prevention
of inflammatory processes associated with asthma, treatment
of fever, common cold, cough, sore throat and its use as an
antimicrobial agent [4, 5].
Onions are packed locally in baskets and jute bags. These
packaging materials come from palm, bamboo and fibrous
jute trees. However these materials provide no barriers of
dust, and can easily be crushed which might lead to damage
of the onions. During storage, some losses occur due to
sprouting, drying and rotting [6].
Bulb rots are a common cause of onion loss during storage.
They are caused by microorganisms particularly fungi. The
black mould disease caused by Aspergillus niger is a limiting
factor in onion production worldwide [6]. Aspergillus niger
has been reported to survive between onion crops as a soil
saprophyte in or on bulbs in field or storage and is ubiquitous
in nature. The fungus invades bulbs of onions in field or
storage whenever they find injured tissues by producing
various enzymes or toxins [7]. Association of Aspergillus
niger with onion seeds produced in hot climates and their
transmission from soil and naturally-contaminated seeds to
onion seedlings cause 30-80% loss or spoilage of onion
bulbs.
The deterioration of raw onions may result from physical
factors, actions of their own enzymes, microorganisms or a
combination of these factors. Mechanical damage resulting
from actions of animals, birds or insects or from mishandling
may predispose towards increased enzymatic action or
entrance and growth of microorganisms. Previous damage
by plant pathogens may make the part of the crop used as
food unfit for consumption or may open the path for the
growth of saprophytes and spoilage by them. Contact with
spoilage onions may bring about the transfer of organisms
causing spoilage and increasing their wastage. Unfavourable
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environmental conditions during harvest, transit, storage and
marketing may favour spoilage.
Fungal infections can also increase the chances of
contamination by mycotoxins which are potential hazards to
human and animal health. These toxins have been reported to
cause neurological disorders, cancer of the liver and lung.
Storage rots lead to a reduction in the quality and quantity of
onions which affect the market value. Another important
consequence is the contamination of the affected fruits by
mycotoxins [8].
Many molds capable of producing mycotoxins are also
frequent contaminants of onion bulbs. Members of the
genera Aspergillus and Fusarium are involved in mycotoxins
production. Apart from toxins production, the presence of
fungi on onion bulbs eventually leads to disease
development in the field when the infected bulbs are planted
in the preceding cropping season, therefore in this work, the
fungi associated with the deterioration of post-harvest onion
bulbs sold in some Awka Markets, Nigeria were isolated,
characterized and identified. The result of the study will add
to the existing literature and also educate the public on the
dangers inherent in the use of fungi-contaminated onion
bulbs both for consumption and agriculture.

2. Materials and Methods
2.1. Samples Collection and Processing
Thirty samples of onions with signs of spoilage were
bought from Umuike, Amaikwo, Amaudo, Okpuno and
Permanent Site Markets Awka, Nigeria. Thirty healthy onion
bulbs were later bought from the same markets for the
pathogenicity test (fifteen as test and fifteen as control
samples). The samples were each transported in a sterile
polythene bag to the microbiology laboratory for fungal
isolation.
The isolation was carried out under aseptic conditions. All
the glass wares used were properly washed, dried and
sterilized in an oven at 160℃ for one hour. The entire
working surfaces were also disinfected with ethanol to
reduce contaminants. Each of the thirty onion bulbs with the
signs of spoilage were cut with a sterile knife and crushed.
One milliliter of the crushed bulb was thereafter
serially-diluted using sterile distilled water.
2.2. Fungal Isolation
The spread plate technique was employed. Aliquots (lml)
of the serially-diluted sample (103) was spread on the surface
of potato dextrose agar (PDA) contained in a sterile petri dish.
The petri dish also had two percent Chloramphenicol added
to inhibit bacterial growth. Incubation was carried out in an
inverted position at 28℃ for five days. The fungal colonies
that developed were purified by repeated subculturing on
sterile PDA and later stored on PDA slants for
characterization and identification.
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2.3. Characterization and Identification of the Fungal
Isolates
The molds were characterized and identified using the
slide culture technique and microscopic examination while
the yeasts were characterized and identified using the
Chlamydospores formation, Germ tube, Sugar assimilation,
Motility, Gram stain and Urease tests. The identity of each
fungus was confirmed using a mycological atlas.
2.3.1. Slide Culture Technique
A small portion of the aerial mycelia was inoculated on a
slide containing prepared potato dextrose agar using a sterile
inoculating needle. The slide was incubated at room
temperature for twenty-four hours after which it was viewed
under the microscope.
2.3.2. Microscopic Examination
Microscopic examination was carried out using the
lactophenol cotton blue solution. A drop of the solution was
introduced on a clean grease-free slide and a fragment of the
test fungus was removed and introduced into the stain with
the aid of a sterile straight wire loop. The fungus was spread
properly on the slide which was thereafter covered with a
coverslip, avoiding bubbles. The excess stain was removed
by blotting with Whatman No. 1 filter paper and the slide
was then viewed under the microscope.
2.3.3. Chlamydospore Formation Test
The method of Menza et al [9] was employed. The isolates
were inoculated on corn meal agar containing tween 80 and
incubated at 25℃ for seventy-two hours. The isolates were
thereafter introduced on a slide and stained with lactophenol
cotton blue solution. The slide was then viewed under the
microscope for Chlamydospore formation.
2.3.4. Germ Tube Test
The test was performed using the procedure of Menza et al
[9]. A colony of the test yeast cell was inoculated in human
serum and incubated at 37℃ for three hours. A drop of the
incubated serum was placed on a microscope slide and
covered with a coverslip and examined under the microscope
for the presence of germ tube.
2.3.5. Sugar Assimilation Test
The test was carried out using the procedure of Menza et al
[9]. Carbohydrate impregnated filter paper disc were placed
on sterile carbohydrate –free yeast nitrogen base agar
contained in petri dishes and incubated at 30℃ for eighteen
hours. The growth around the carbohydrate-free filter paper
discs was thereafter observed. Growth in the medium
indicated the ability of the isolate to assimilate a sugar. The
sugars used were glucose, lactose, sucrose, galactose and
raffinose.
2.3.6. Motility Test
Hanging drop slides were used to carry out the test.
Vaseline was spread with a sterile toothpick on the corners of
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a clean coverslip. A drop of the yeast suspension was
aseptically placed on the centre of the coverslip with a sterile
inoculating loop. The depression slide was lowered onto the
coverslip so that the drop protruded into the centre of the
concavity of the slide. The hanging drop slide was turned
over and placed on the stage of the microscope so that the
drop was on the light hole. The drop was thereafter viewed
under the microscope.

presented in Table 1. The counts were 1.5 x 103cfu/ml, 1.6 x
103cfu/ml, 2.0 x 103cfu/ml, 1.2 x 103cfu/ml and 1.8 x 103
cfu/ml for the onion bulbs from Umuike, Amaikwo, Amaudo,
Okpuno and Permanent Site Markets.
Table 1. Average fungal counts of the spoilt onion bulbs

2.3.7. Gram Stain
A smear of the yeast cell was made on a slide and stained
using the gram stain procedure. The slide was thereafter
examined under the microscope for the presence of gram
positive yeast cells.
2.4. Pathogenicity Test of the Fungal Isolates
The methods of Baiyewu et al [10] and Chukwuka et al
[11] were used for the test. Fifteen healthy onion bulbs were
properly washed with tap water, rinsed with distilled water
and their surfaces disinfected with ethanol. A sterile cork
borer was used to make holes in each onion bulb and each of
the isolated fungi was thereafter inoculated into the onion
bulbs after which the cores of the onion bulbs were replaced.
Petroleum jelly was used to seal the holes to prevent
contamination. Fifteen onion bulbs wounded with the cork
borer but were not inoculated with the fungi were used as
controls.
The inoculated onion bulbs and the controls were placed
in sterile polythene bags (one bulb per bag). Each of the
onions was moistened with wet balls of absorbent cotton
wool to create a humid environment and incubated at 28℃
for five days and observed for signs of spoilage. The fungi
were re-isolated from the inoculated onion bulbs and
compared with the original isolates. The decay rate of the
onion bulbs was also determined after two weeks of the
inoculation by measuring their diameter of rot.

3. Results
The average fungal counts of the spoilt onion bulbs are

Market

Average fungal count (cfu/ml)

Umuike

1.5 x 103

Amaikwo

1.6 x 103

Amaudo

2.0 x 103

Okpuno

1.8 x 103

Permanent Site

1.2 x 103

The fungal species isolated from the spoilt onion bulbs are
shown in Table 2. They were identified as Penicillium
digitatum, Fusarium oxysporum, Rhizopus stolonifer,
Alternaria alternata, Aspergillus niger and Saccharomyces
cerevisiae. Penicillium digitatum was isolated from the
samples from Amaikwo market only, Fusarium oxysporum
from the samples from Umuike, Amaudo and Okpuno
markets, Rhizopus stolonifer from the samples from Umuike
and Okpuno markets, Alternaria alternata and Aspergillus
niger from the samples from all but Umuike markets while
Saccharomyces cerevisiae were isolated from the samples
from Amaudo market only.
Table 2. Fungal species isolated from the spoilt onion bulbs
Market

Fungal species
Fusarium oxysporum and Rhizopus
stolonifer
Aspergillus niger, Alternaria alternata and
Penicillium digitatum
Aspergillus niger, Fusarium oxysporum,
Saccharomyces cerevisiae and Alternaria
alternata
Aspergillus niger, Fusarium oxysporum,
Alternaria alternata and Rhizopus stolonifer

Umuike
Amaikwo
Amaudo
Okpuno
Permanent Site

Alternaria alternata and Aspergillus niger

The distribution of the fungi in relation to the markets is
presented in Table 3. The percentage distribution was 14.3%,
20.0%, 34.2%, 22.9% and 8.6% for the samples from
Umuike, Amaikwo, Amaudo, Okpuno and Permanent Site
Markets respectively.

Table 3. Distribution of the fungi in relation to the markets.
Sacchromyces
cerevisiae
(n)

Market

Penicillum
digitatum
(n)

Fusarium
Oxysporum
(n)

Rhizopus
stolonifer
(n)

Alternaria
alternate
(n)

Aspergillus
niger
(n)

Umuike

0

2

3

0

0

0

14.3

Amaikwo

4

0

0

1

2

0

20.0

Amaudo

0

2

0

3

5

2

34.2

Okpuno

0

2

1

2

3

0

22.9

Permanent Site

0

0

0

1

2

0

8.6

n = Number of isolates

Distribution %
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The percentage distribution of the fungi in the spoilt onion
bulbs is shown in Table 4. The percentage distribution was
11.43%, 17.14%, 11.43%, 20.00%, 34.29% and 5.71% for
Penicillium digitatum, Fusarium oxysporum, Rhizopus
stolonifer, Alternaria alternata, Aspergillus niger and
Saccaromyces cerevisiae respectively.
Table 4. Percentage distribution of the fungi from the spoilt onion bulbs
Fungi

No. of isolates

% Distribution

Penicillium digitatum

4

11.43

Fusarium oxysporum

6

17.14

Rhizopus stolonifer

4

11.43

Alternaria alternata

7

20.00

Aspergillus niger

12

34.29

Saccaromyces cerevisiae

2

5.71

The decay rate of the fungi in the healthy onion bulbs is
presented in Table 5. The rot diameters were 28mm, 33mm,
26mm, 36mm, 40mm, and 16mm for Penicillium digitatum,
Fusarium oxysporum, Rhizopus stolonifer, Alternaria
alternata, Aspergillus niger and Saccaromyces cerevisiae
respectively.
Table 5. Decay rate of the fungi in the healthy onion bulbs
Fungi

Rot Diameter (mm)

Penicillium digitatum

28

Fusarium oxysporum

33

Rhizopus stolonifer

26

Alternaria alternata

36

Aspergillus niger

40

Saccaromyces cerevisiae

16

4. Discussion
Studies on the fungi associated with the spoilage of onion
bulbs sold in some markets in Awka, Nigeria showed that the
onion bulbs contained a teeming population of fungi. The
average fungal counts ranged between 1.2 x103 cfu/ml and
2.0 x 103 cfu/ml. The samples from Amaudo market had the
highest count of 2.0 x 103 cfu/ml while those from the
permanent site market had the lowest count of 1.2 x 103
cfu/ml (Table 1).
The fungi isolated from the spoilt onion bulbs were
identified as Penicillium digitatum, Fusarium oxysporum,
Rhizopus stolonifer, Alternaria alternata, Aspergillus niger
and Saccharomyces cerevisiae (Table 2).
Shehu and Muhammad [12] also isolated Aspergillus
niger, Rhizopus stolonifer and Fusarium oxysporum from
the rotten onion bulbs sold at five different markets in Sokoto,
Nigeria. Dimkpa and Onuegbu [13] also implicated fungi as
contaminants of many agricultural commodities including
onions. Narayana et al [14] also reported Aspergillus niger as
the causative agent of black mold rot of onions.
The percentage distribution of the fungi in the spoilt onion
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bulbs in relation to the markets showed the highest
percentage distribution of 34.2% for the samples from
Amaudo market and the lowest percentage distribution of
8.6% for the samples from temporary site market (Table 3).
Aspergilus niger had the highest percentage distribution of
34.28% in the onion bulbs studied while saccharomyces
cerevisiae had the lowest percentage distribution of 5.71%
(Table 4). This result agreed with Shehu and Muhammad [12]
who reported the highest frequency of occurrence of 30.0%
for Aspergillus niger in the onion bulbs they studied.
Chukwuka et al [11] however reported Rhizopus sp as the
most predominant fungus in the onion bulbs they studied.
The pathogenicity test result showed that the fungi
inoculated into the healthy onion bulbs had the same
characteristics as the fungal species re-isolated from the
same healthy bulbs showing that the fungal isolates were
responsible for the spoilage of the onion bulbs. Aspergillus
niger caused the highest decay with a rot diameter of 40mm
(Table 5).This result is however at variance with that of
Shehu and Muhammad [12] who reported the lowest rot
diameter of 12mm for Aspergillus niger.
The presence of these fungi in the onion bulbs is
attributable to the environmental conditions, state of
handling and processing, state of storage facility of the
onions, the fungal load of the handlers and the quality of the
onion bulbs. These fungi have been known to cause diseases
of humans and animals. They may come from the air, water,
soil and even the handlers. They are the sources of highly
potent mycotoxins which are hazardous to health. The
presence of these fungi in significant numbers in onion bulbs
is therefore a public health risk.
Fungal spoilage of onions also has a negative economic
effect on the economy of the onion bulbs farmers in
particular and the economy of the country in general. The
control of the fungal spoilage of onion bulbs is therefore
inevitable. Proper storage conditions, careful harvesting,
protection of the bulbs from sunburn, provision of adequate
ventilation and regular examination during storage will
minimize the entry and proliferation of these organisms in
the onion bulbs, thereby reducing the incidence of diseases
they cause and also improve the economy by reducing
wastes resulting from spoilages.

5. Conclusions
The high occurrence of fungi in the spoilt onion bulbs is a
public health risk. Appropriate control measures must be
employed during the harvesting, processing, transportation,
and handling of the fruits. Good storage facilities should also
be put in place to protect the onion bulbs from attacks by
these fungi, thereby minimizing wastes due to deterioration
and unacceptability. The consumption of raw onions without
prior heat treatment should be discouraged.
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