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ABSTRACT
The microbiological quality (microbial load and profile) of 6 Ghanaian food products was determined before and after
irradiation (0 kGy, 5 kGy, 7.5 kGy, 10 kGy) using standard microbiological methods. The microbial load was estimated
by the total viable count (TVC) and moulds and yeasts count (MYC). The range of TVC and MYC of the un-irradiated
products were 103 cfu/g - 106 cfu/g and 0 cfu/g - 106 cfu/g respectively. Un-irradiated Banku Mix Powder, Fermented
Maize Powder and Cassava Dough Powder had relatively low microbial load (TVC  6.1 × 103 cfu/g; MYC  4.9 × 102
cfu/g). Un-irradiated Fermented Maize Dough, Kokonte Powder and Cassava Dough had relatively high TVC of >106
cfu/g. Eleven and 3 microbial isolates were detected in the un-irradiated and irradiated products respectively and the
most common were Aspergillus niger and Bacillus spp. Irradiation dose of 10 kGy eliminated all microorganisms from
the products. Doses of 5 and 7.5 kGy reduced the microbial loads of the products by approximately 1 to 6 log cycles to
meet national and international standards. The use of low dose gamma radiation by the local food industry could improve the hygienic quality, extend shelf-life and enhance the competitiveness of the Ghanaian food products in domestic
and export markets.
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1. Introduction
The production of indigenous foods forms a major part of
agro-industries that accounts for over 50% of value-added manufacturing, exports and employment in most African countries including Ghana [1]. Fermented maize
and cassava products such as maize dough, cassava dough,
and kokonte (dried cassava powder) contribute significantly to the food security situation in the country due to
their availability, affordability, nutritional quality and inherent preservative properties.
Traditionally, these foods are well-preserved through biochemical processes involving alcoholic and acidic fermentations that lower pH and prevent the growth of diseasecausing microorganisms [2,3]. Studies have shown lactic
acid bacteria, which forms the most dominant microflora
in most traditionally fermented foods, inhibit the growth
of foodborne pathogens such as Salmonella spp., Shigella
spp., Escherichia coli, and Staphylococcus aureus in
some foods [4,5].
However, despite the inherent preservative properties
of fermented foods, the artisanal nature of their production
results in products of varying and poor quality. Cassava and
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maize products are frequently exposed to contamination
due to deficiencies in processing methods, such as insufficient and uncontrolled drying as well as defective packaging. Open sun drying of such foods results in con- tamination by insects, bacteria and moulds. Mycological
studies have confirmed the presence of several toxigenic
fungi on maize [6] and prevailing high temperatures and
relative humidities in the country promote the production of mycotoxin in foods including kokonte [7] and
maize [8]. Aflatoxin levels of 0.7 µg·kg–1 to 313 µg·kg–1
of maize dough have been reported [8]. These findings
have seious health implications since some mycotoxins
are carcinogenic, mutagenic and teratogenic [9,10].
In order to accelerate the commercialization of indigenous foods, it is imperative to improve their hygienic
quality to ensure their competitiveness in both local and
international markets. Irradiation is one of the few processes that can help attain this goal. The use of irradiation as a
decontaminating process without loss of sensory and organoleptic qualities, is well documented for various foods
[11-14]. Perusal of literature indicates very scanty information on the application of irradiation to improve the hygienic quality of Ghanaian food products for domestic
and export markets. The objective of this study was thereFNS
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fore to investigate the use of gamma irradiation in the
decontamination of some local (Ghanaian) food products
so as to improve their hygienic quality.

2. Materials and Methods
2.1. Samples and Irradiation
Six samples of local (Ghanaian) food products used for the
study were mainly fermented maize and cassava products
submitted by some local food processing companies for
contract irradiation at the Radiation Technology Centre
(RTC) of Ghana Atomic Energy Commission (GAEC).
The samples were:
1) Banku Mix Powder (mixture of fermented maize
dough and cassava dough);
2) Fermented Maize Powder;
3) Fermented Maize Dough;
4) Kokonte Powder (cassava powder);
5) Cassava Dough;
6) Casava Dough Powder.

2.2. Irradiation
Five grammes of each product was packaged in a polyethylene pouch and sealed using a heat sealer (Heat Sealer,
Desk Type: 300 m/m, Taiwan). The pouches were treated
with irradiation doses of 0, 5.0, 7.5, and 10.0 kGy at the
RTC of GAEC using a Co60 source (SLL-515, Hungary)
at a dose rate of 2.55 kGy/hr in air. The absorbed dose
was confirmed by Fricke’s dosimetry.

2.3. Determination of Microbial Load
After irradiation, both controls and irradiated food products were analysed for their microbial load. One gramme
of each sample was added to 9 ml peptone water (1%
peptone + 0.5% NaCl) and placed on a mechanical shaker (Junior Orbital Shaker, Lab-line Instruments, USA)

for 15 minutes. The mixture was then allowed to settle
for about 5 minutes to allow coarse material to settle
down. Microbial load determination was carried out on
the supernatant using standard decimal and plate count
methods [15].
1) Total viable counts on Plate count agar (Oxoid, UK)
at 36˚C for 48 hours.
2) Moulds and yeasts on Oxytetracycline (0.01%) glucose yeast agar (Merck, Germany) at 28˚C for 72 hours.
For each product the average of two estimations of duplicate plating was carried out.
Representative colonies from the plate counts were purified by sub-culturing and identified using morphological characteristics and biochemical tests (Gram stain, catalase test, oxidase test, motility test) with reference to Biochemical Tests for Identification of Medical Bacteria [16,
17]. Yeasts were counted but types were not identified.

3. Results
The ranges of total viable count (TVC) and moulds and
yeasts count (MYC) for the un-irradiated food products
were 103 cfu/g - 106 cfu/g and 0 cfu/g - 106 cfu/g respecttively (Tables 1 and 2). Un-irradiated samples of Banku
Mix Powder, Fermented Maize Powder and Cassava
Dough Powder had very low TVC and MYC of <104
cfu/g. Un-irradiated samples of Fermented Maize Dough,
Kokonte Powder and Cassava Dough had relatively high
TVC of >106 cfu/g. A high MYC (>105 cfu/g) was recorded for un-irradiated samples of Fermented Maize
Dough and Cassava Dough.
A total of 11 microbial isolates (8 fungal and 3 bacterial isolates) were detected in the un-irradiated products
(Table 3). Six isolates were detected in un-irradiated Banku Mix Powder and 1 each were detected in un-irradiated
samples of Cassava Dough and Cassava Dough Powder.
The most common isolates in the products were Aspergillus niger and Bacillus spp.

Table 1. Total viable count (cfu/g) of some Ghanaian food products after irradiation.
a

0 kGy

5 kGy

7.5 kGy

10 kGy

Product
Mean

Range

Mean

Range

Mean

Range

5.0 × 102 - 7.5 × 103

7.0 × 10

2.0 × 10 - 1.2 × 102

<10

<10

<10

<10

Fermented Maize Powder 6.1 × 103

4.2 × 103 - 8.0 × 103

5.0 × 10

3.0 × 10 - 7.0 × 10

<10

<10

<10

<10

Fermented Maize Dough

1.9 × 106

8.0 × 105 - 3.0 × 106

2.3 × 105

4.0 × 104 - 4.2 × 105

1.1 × 102

9.0 × 10 - 1.3 × 102

<10

<10

Kokonte Powder

8.3 × 106

4.6 × 102 - 1.2 × 107

2.3 × 103

6.0 × 102 - 4.0 × 103

1.1 × 10

8.0 × 10 - 1.4 × 102

<10

<10

Cassava Dough

7.0 × 106

3.0 × 105 - 7.0 × 106

1.0 × 104

7.0 × 103 - 1.3 × 104

2.0 × 10

1.0 × 10 - 3.0 × 10

<10

<10

Cassava Dough Powder

1.0 × 103

4.2 × 102 - 1.6 × 103

3.5 × 102

2.0 × 102 - 5.0 × 102

<10

<10

<10

<10

Banku Mix Powder

a

b

4.0 × 103

c

Mean Range

Un-irradiated control, bmeans of triplicate samples, crange of 3 samples; limit of detection = 10.
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Table 2. Mould and yeasts count (cfu/g) of some Ghanaian food products after irradiation.
a

0 kGy

5 kGy

7.5 kGy

10 kGy

Product
Mean

Range

Mean

Range

Mean

Range

Mean

Range

<10

<10

<10

<10

<10

<10

<10

<10

4.0 × 10 - 6.0 × 10

<10

<10

<10

<10

<10

<10

3.0 × 10 - 7.0 × 10

<10

<10

<10

<10

<10

Banku Mix Powder

a

Fermented Maize Powder

b

Fermented Maize Dough

6.0 × 106

2.5 × 106 - 9.5 × 106

5.0 × 104 2.5 × 106 - 9.5 × 106 5.0×10

Kokonte Powder

1.0 × 103

4.0 × 102 - 1.6 × 103

3.0 × 10 2.0 × 10 - 4.0 × 10

Cassava Dough

5.9 × 105

1.8 × 105 - 1.0 × 106

2.3 × 102 1.0 × 102 - 3.6 × 102 3.0 × 10

2.0 × 10 - 4.0 × 10

<10

<10

Cassava Dough Powder

4.9 × 102

8.0 × 10 - 9.0 × 102

8.0 × 10

6.0 × 10 - 1.0 × 102

<10

<10

<10

5.0 × 10

b

c

<10

<10

c

Un-irradiated control, means of triplicate samples, range of 3 samples; limit of detection = 10.

Table 3. Presence of microbial isolates in irradiated and un-irradiated Ghanaian food products.
Isolate

Un-irradiated Product
b

Aspergillus niger

Irradiated Product

1, 2, 3, 4

3, 4

Aspergillus versicolor

1, 2

-

Aspergillus candidus

1, 2

-

Aspergillus wentii

4

-

Alternaria spp.

1, 2, 4

4

Penicillium spp.

1

-

Rhizopus spp.

4

-

Lactobacilllus spp.

3

-

Bacillus spp.

1, 2, 3, 4, 5

3

Staphylococcus spp.

4

-

6

-

Geotrichum spp.
a

a

b

c

irradiated at 7.5 kGy, not detected, 1 = Banku Mix Powder, 3 = Fermented Maize Dough, 5 = Cassava Dough, 2 = Fermented Maize Powder4 = Kokonte
Powder, 6 = Cassava Dough Powder.

Irradiating the food products reduced the microbial load
significantly. A dose of 10 kGy eliminated all microflora
from the products. Additionally, 7.5 kGy eliminated all microflora from the products with the exception of Fermented Maize Dough, Kokonte Powder and Cassava Dough
in which microbial loads were reduced to 1.1 × 102
cfu/g. The originally low TVC and MYC of Banku Mix
Powder, Fermented Maize Powder and Cassava Dough
Powder were further reduced by irradiation to very low
values of 3.5 × 102 cfu/g.
However, in the case of the other irradiated food products, a dose of 5 kGy reduced TVC to <104 and MYC to
<103 with the exception of Fermented Maize Dough.
Copyright © 2012 SciRes.

4. Discussion
The hygienic quality of the un-irradiated food products as
estimated by the TVC and MYC, showed wide variations.
Although some variation are to be expected due to the
nature of the indigenous microflora, the observed variations were wide and could be attributed to lack of standard processing procedures and contamination. The microbial load of un-irradiated samples of Banku Mix Powder, Fermented Maize Powder and Cassava Dough Powder were very low indicating high product quality. Un-irradiated samples of Fermented Maize Dough, Kokonte Powder and Cassava Dough had high microbial loads and
this was attributed to deficiencies in production protocols.
FNS
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Generally, the doughs (Fermented Maize Dough and Cassava Dough) had high microbial loads, possibly due to
their semi-dried nature and consequently high water activity. On the other hand, the un-irradiated powders (Fermented Maize Powder, Cassava Dough Powder) with the
exception of Kokonte Powder, had low microbial loads.
The high TVC of Kokonte Powder could probably be due
to contamination arising out of the open-air exposure when
cassava chips are dried. Considering the microorganisms
isolated from the un-irradiated food products, it was noted that Bacillus spp., Geotrichum spp. and Lactobacillus
spp were part of the normal fermentation microflora of
maize and cassava. However, the presence of various species of Aspergillus, Pennicillium spp., Rhizopus spp. and
Staphylococcus spp. could be attributed to contamination.
Irradiation was effective in reducing the microbial load
of the food products and eliminating most of their microbial contaminants. A dose of 10 kGy completely eliminated all microorganisms from the products. Doses of 5 and
7.5 kGy reduced the TVC and MYC of all the products
by 1 to 6 log cycles. Although a dose of 7.5 kGy was
more effective in reducing the microbial load and eliminating microbial isolates, the results seem to suggest that
improving the quality and degree of drying of the dough
(Cassava and Maize) and Kokonte Powder could possibly
reduce the effective decontamination dose from 7.5 to 5
kGy. This observation underscores the need for Good Manufacturing Practices (GMP) in production protocols to
ensure products have low and acceptable hygienic quality.
To this end, the use of alternate methods of drying such
as solar and oven drying is recommended as a measure to
improve to quality of drying of fermented foods. Irradiation with 5 kGy would be in line with the national criteria
for decontamination of dry foods which specifies that
dose as the effective and applicable dose [18].
Aside reducing the microbial load, it is essential that pathogenic and toxigenic isolates are eliminated from foods
products. The presence of various species of Aspergillus,
Penicillium spp., Rhizopus spp. and Staphylococcus spp.
in some of the food products raises food safety concerns.
Apart from fact that 10 kGy eliminated all isolates, irradiation with 7.5 kGy also eliminated 7 out of the 11 isolates found in the food products. This is to be expected
since irradiation is one of the few processes that eliminates disease-causing microorganisms from foods and guarantees high hygienic quality. Using irradiation as a decontamination process could reduce the presence of pathogenic and toxigenic microorganisms and help improve the
hygienic quality of food products to meet national and
international standards [TVC < 106 cfu/g and MYC < 104
cfu/g [19,20]. This study has demonstrated the possibility
of using low doses of gamma radiation to improve the hygienic quality and extend the shelf-life of various Ghanaian food products, thus making them competitive on both domestic and export markets.
Copyright © 2012 SciRes.

5. Conclusion
Ghanaian food products vary in their hygienic quality due to
differences in their indigenous microflora, processing and
storage protocols. Although irradiation doses of 10 and
7.5 kGy significantly reduced microbial load to internationally accepted levels and eliminated most microbial
isolates, 5 kGy could be used if good manufacturing
practices are employed in production protocols to improve product quality. The application of low-dose gamma radiation by the local food industry would improve the
hygienic quality and extend shelf-life of the Ghanaian
food products to enhance their competitiveness in domestic
and export markets.
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