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Sampled one hundred and fifty (150) ready-to-eat breads purchased from local
hawkers in the three different Senatorial Zones (categorised as Q, R and S) of Kano
State, Nigeria were analyzed for fungal contamination, using Standard
Microbiological Procedure. Organisms isolated were Aspergillus niger (55.76%),
Penicillium sp. (9.61%), Aspergillus fumingatus (11.53%), Rhizopus sp. (13.46%)
and Mucor sp. (9.61%). Five samples were collected from five local governments
each in the three zones and labelled as Q1-Q5, R1-R5 and S1-S5 according to the zones.
Kano North had fungal counts that ranges from 36.10 ± 17.84 x 102 cfu/g to 18.84 ±
12.36 x 101 cfu/g, Kano South with 34.35 ±1 6.71 x 102 cfu/g to 11.10 ± 3.21 x 102
cfu/g and Kano central with the least counts of 37.83 ± 15.67 x102 cfu/g to 4.95 ±
0.58 x101 cfu/g. The statistical analysis shows significant difference at (p=0.05) for
the counts. The results showed that the Mean ±SD of fungal counts in cfu/g of the
bread samples were above the permissible limit recommended by WHO and
International Commission for Microbiological Specification for Foods (ICMFS) of
food consumption. The fungal detections were probably due to poor sanitary
practices in bakeries, handling of bakeries processes by bakers and attitude of
bread vendors and hawkers. Regulatory agencies, States health authorities and
environmental health units of local government councils should ensure compliance
and adherence of bakeries and bread sellers to regulations and public health
ordinance guiding the approval and monitoring of bakeries.
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INTRODUCTION
Bread is universally accepted as a very convenient form
of food that is important to all populations. Its origin
dates back to the Neolithic era and is still one of the
most consumed and acceptable staple food products in
all parts of the world. It is a good source of nutrients,
such as macronutrients (carbohydrates, protein, and
fat) and micronutrients (minerals and vitamins) that
© 2017 Ewemen Resources Limited / EJMR. All rights reserved

are essential for human health (Oluwajoba, 2012). In
Nigeria, bread has become the second most widely
consumed nonindigenous food product after rice. It is
consumed extensively in most homes, restaurants, and
hotels. It has been hitherto produced from wheat as a
major raw material (Oluwajoba, 2012).
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Filamentous fungi involved in spoilage of bread
include Rhizopus sp., and Mucor sp., Penicillium sp.,
Eurotium sp., Aspergillus sp. and Monilia sitophilia. One
of the most common is Rhizopus stolonifer, often
referred to as the ‘bread mould’. Storage of bread
under conditions of low humidity retards mould
growth. In addition to the economic losses associated
with bakery products, another concern is the
possibility of mycotoxins production. Eurotium species
are usually the first fungi to colonize improperly water
allowing other species. Aspergillus and Penicillium
which can produce toxins to thrive. Losses of bakery
products due to mould spoilage vary between 1-5 per
cent depending on seasons, type of products and
methods of processing (Saranraj, 2012). Fungal
spoilage of bread is due to post processing
contamination. Bread loaves fresh out of the oven are
free of molds or spores due to their thermal
inactivation during the baking process (Ponte and
Tsen, 1978). Bread becomes contaminated after
baking, from the mold spores present in the
atmosphere surrounding loaves during cooling, slicing,
packaging and storage.

Scientific Supply and General Enterprises, Kano State.
Equipments and Glass Wares used were from the
Department of Science Laboratory Technology, Kano
State Polytechnic and the Department of Microbiology,
Bayero University Kano.

The most common source of microbial spoilage is the
growth of molds. According to the previous studies
bread molds involved in the spoilage of bread are
Rhizopus nigricans with its white cottony mycelium and
black dots of sporangia, the green spored Pencillium
expansum or Pencillium stoloniferum and Aspergillus
niger with its greenish or purplish brown to black
conidial heads and yellow pigments diffusing into the
bread (Banwart, 2004; Mohammad et al., 2003). Mucor
and Rhizopus are found to grow first during bread
spoilage. This is followed by some other fungi like
Aspergillus, Penicillium and Fusarium sp. Among these
Penicillium sp is the most common one though
Aspergillus sp may be of greater significance in tropical
countries (Legan, 1993). Ogundan (1986) reported that
Aspergillus sp. and Penicillium sp. occur more
frequently in moldy bread than other fungi. However,
the storage, handling process, the environment for
processing and health of the workers in the cottage
industries and hawkers in the street are equally
important for the safety of consumers (Isong, 2013).
This research aimed to determine the occurrence of
fungi in some bread produced in Kano State Nigeria.

Microbiological analyses were performed according to
the protocol described by Manguiat and Fang (2013)
with some modifications. A 25 g sample was diluted in
225 mL of peptone water (Merck KGaA, Germany).
Using a sterile blender the mixture was blended for two
minutes. The supernatant representing the stock
solution was then diluted up to 10-5 using sterile
physiological water. One ml each was taken from 10-3
and 10-4 dilution using sterile pipettes and dispensed
into sterile Petri dishes labels with the sample code,
dilution factor and the media used. Counts (colonyforming units per gram) were expressed as a logarithm
(log cfu g-1). Cooled molten potato dextrose agar (PDA)
was poured aseptically and raked to bring even
distribution of the samples, the plates were allowed to
set undisturbed, the plates were left at room
temperature at 25°C for five days and examined for
microbial growth, and number of colonies on each plate
were counted and expressed as cfu/g (colony forming
units/gram). Different representative colonies were
transferred to a sterile solidified potato dextrose agar
using a sterile inoculating needle.

Samples Collection
A total of 150 samples of breads were randomly and
aseptically collected in a sterile poly - bags directly
from different hawkers from three senatorial zones of
Kano state (coded as Q – Kano central; R - Kano north;
S – Kano south), labelled and transported to the
laboratory in an iced box maintained at 40C until
analysis. Samples were taken out from freezer and
were analyzed when the temperature of the samples
were at room temperature (Niki et al., 2016). Five Local
Government Areas (LGAs) were randomly selected and
10 samples collected from each. The samples were
assigned Q1 – Q5, R1 – R5 and S1 – S5 for samples from
Kano central, Kano north and Kano south senatorial
district, respectively.
Fungal Analysis

Identification of isolates
MATERIALS AND METHODS
Materials
All the microbiological media and reagents used were
of analytical grades and purchased from Ado Jones
www.ewemen.com

The Identification of isolates was based on their
macroscopic
and
microscopic
characteristics.
Reference was made to standard identification keys
and atlas (De Hoog et al., 2000; Tsuneo, 2010).
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Statistical Analysis
Data obtained were subjected to statistical analysis
using analysis of variance (ANOVA) with SPSS version
16.0 to determine the significant difference at p=0.05.

The Mean ± SD of fungal counts in cfu/g of the bread
samples from Kano Central Senatorial zone of Q1, Q2,
Q3, Q4 and Q5 were 37.83±15.67 x 102, 14.75 ±8.85 x
102, 4.95±0.58 x 102, 9.35 ±3.73 x 102 and 5.33 ± 0.49
x102, respectively (Table 1). The mean fungal counts of
Q3, Q5 and Q4 were significantly lower (p<0.05), while
that of Q2 and Q1 were higher (p=0.05). However, there
was no significant difference between Q1, Q2, Q3, Q4 and
Q5 Statistically.
Table 1: Mean fungal counts Some Selected breads sold in
Kano central zone
AFPC(cfu/g)
37.83 ± 15.67×102
14.75 ± 8.85×102
4.95 ± 0.58×102
9.35 ± 373×102
5.35 ± 0.49×102

Standard
0 - 103

Key: AFPC = Aerobic fungal plate count; cfu = Colony Forming Unit

The Mean ± SD of fungal counts in cfu/g of the bread
samples from Kano North Senatorial zone of R1, R2, R3,
R4 and R5 which were 18.84±12.36 x 102, 36.10±17.84
x 102, 29.91±14.87 x 102, 28.63±14.54 x102 and
20.34±12.11 x 102, respectively (Table 2). The mean
fungal counts of R1, R5, and R4 were significantly lower,
while that of
R3 and R2 were higher (p=0.05).
Statistically, no significance difference was found
between R1, R2, R3, R4 and R5.
Table 2: Mean fungal counts Some Selected breads sold in
Kano north zone in µg/g
Local governments
R1
R2
R3
R4
R5

AFPC(cfu/g)
18.84 ± 12.84×102
36.10 ± 17.84×102
29.91 ± 14.87×102
28.63 ± 14.54×102
20.34 ± 12.11×102

were significantly lower, while that of S3, S1 and S2 were
higher (p=0.05). Therefore there was no significant
difference between S1, S3, S4 and S5 statistically, and the
sampled zones showed significantly high counts
(p=0.05).
Table 3: Mean fungal counts Some Selected breads sold in
Kano south zone in µg/g

RESULTS AND DISCUSSION

Local governments
Q1
Q2
Q3
Q4
Q5

Local governments
S1
S2
S3
S4
S5

Standard
0 - 103

Tables 4 and 5 show the frequency of the fungal
isolates that occur in this study and their cultural and
morphological characteristics, respectively. The fungi
were A. fumingatus, A. nigga, Rhizopus sp. Mucor sp. and
penicillium sp.
Table 4: Frequency Occurrence of fungi in the study for the
three senatorial zones
S/N
1
2
3
4
5

Organisms Isolated
Aspergillus fumingatus
Aspergillus nigga
Mucor sp.
Rhizopus sp.
Penicillium sp.

Frequency (%)
11.53
55.76
9.61
13.46
9.61

Table 5: Cultural Morphological
Identification of Fungal Isolates
Isolate

Characteristics

and

Cultural
Characteristics
Very common colors of
colony
(black
and
white)

Morphological
Characteristics
Conidia borne in 360
arrangements covering the
upper
2/3
of
the
conidiophores

Mucor spp

Cream
white/large
fluffy white colonies
almost covering the
whole surface

Sporangium comes out
directly from the hyphal
without stolon or rhizoids
columella.

Rhizopus
spp

Large
fluffy
white
milky colonies which
later turns black as
culture ages

Non-septate hyphal with
uptight
sporangiophore
connected by stolon and
Rhizopus, dark pear shaped
sporangium
on
hemispherical columella.

Penicillium
spp

Large
fluffy
white
colonies
almost
covering the whole
surface

Non-septate
branched
hyphal enlarged at the apex
to form conidophjorex they
producer brownish black
Ceridian in chains

Aspergillus
spp

Standard
0 - 103

Table 3 shows the Mean±SD of fungal counts in cfu/g of
some selected bread sold in Kano South Senatorial
zone. The fungal counts were 32.96±16.70 x 102,
34.35±16.71 x 102, 23.36±13.32 x 102, 11.10±3.21 x 102
and 22.26±13.11 x 102 for S1, S2, S3, S4 and S5 senatorial
zones respectively. The mean fungal counts of S4, and S5

AFPC(cfu/g)
32.96 ± 16.70×102
34.35 ± 16.70×102
23.35 ± 13.32×102
11.10 ± 3.21×102
22.26 ± 13.11×102

Key: AFPC = Aerobic fungal plate count; cfu = Colony Forming Unit

Key: AFPC = Aerobic fungal plate count; cfu = Colony Forming Unit
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After incubation period, the total fungal count of bread
samples over a storage period of 5 days all the samples
showed positive fungal growth. The isolation of
Aspergillus niger, Aspergillus fumigatus, Mucor spp,
Rhizopus spp and Penicillium spp, corroborate with the
findings of Nicholas et al. (1999) on Microbiological
quality of cooked rice from restaurants and take-away
premises in the United Kingdom; Mensah et al. (2002)
in their work on Street foods in Accra, Ghana; Idowu
(2006) on oral feacal parasites and personal hygiene of
food handlers in Abeokuta, Nigeria; Taulo et al. (2008)
and Unachukwu and Nwakanma (2015) in their work
on fungi associated with spoilage of bread in Enugu
state, Nigeria, where these organisms were implicated
in the contamination of ready-to-eat-foods. Fungi
common to bread contaminations were reported by
Ogundare and Adetuyi, (2003) as known to produce
mycotoxins, which are common environmental
contaminants and are commonly obtained from man.
Thus their higher percentage prevalence is therefore
not out of order (Kawo and Abdulmumin, 2009;
Aboloma, 2008; Hazariwala, 2002). It is mandatory that
foods must be free from contaminations as much as
possible.
The occurrence of the moulds Aspergillus spp,
Penicillium spp, Rhizopus spp and Mucor spp in the
foods could be due to the fact that they are spore
formers. These heat-resistant spores may have
survived processing while vegetative cells were
eliminated. Contamination of foods could have resulted
from inappropriate processing, incomplete heating, or
secondary
contamination
via
contact
with
contaminated equipments and utensils, (Oranusi,
2013). However, the samples were above the standard
recommended by the International Commission for
Microbiological Specification for Foods (ICMSF, 1996
and 1998) which states that, ready-to-eat foods with
plate counts between 0 – 103 is acceptable, between
104 - ≤ 105 is tolerable and 106 and above is
unacceptable. Vendors have been reported to introduce
contaminant and pathogens that survive and multiply
in sufficient numbers to cause illness in the consumer
(Greig et al., 2007; Todd et al., 2007a,b; WHO, 1989).
This study reveals that over 60% of bread sellers do
not wash their hand before packaging bread, which is
contrary to ideal hygiene practice (Ehavald, 2009). The
fungal count in this finding was much higher than
reported findings by Ifeadike et al. (2014) in their work
on assessment of the food hygiene practices of food
handlers in the Federal Capital Territory of Nigeria;
Isara et al. (2013) on food hygiene and safety practices
of food service staff in University of Benin Teaching
Hospital, Benin city, Nigeria; Altekruse et al. (1996) and
www.ewemen.com
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Yang et al. (1998) in multistate surveillance for foodhandling, preparation, and consumption behaviors
associated with food borne diseases
CONCLUSION
The hygiene conditions of the fifteen examined
bakeries showed that the, handling of bakeries
processes by bakers and attitude of bread vendors of
not providing to good storing conditions to the bread is
suboptimal and predisposes bread to contamination by
pathogenic and non-pathogenic microorganisms and
the time taken after baking before consuming may
create opportunity for contaminations. Therefore,
regulatory
agencies,
health
authorities
and
environmental health units of local government areas
should ensure compliance and adherence of bakeries
and bread sellers to the regulations and public health
ordinance guiding the approval and monitoring of
bakeries as a regulated premise. Contamination can be
prevented by good hygiene practices such as the use of
Good Manufacturing Practices (GMP) and Hazard
Analysis Critical Control Point (HACCP) application in
the chain of food production and processing, close and
stringent supervision of ready-to-eat foods sold in the
community should be carried out by relevant
authorities to prevent food-borne illness.
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