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Akara Ogbomoso was examined toward the establishment of hazard analysis and critical control point
(HACCP). The akara was produced in residential buildings with the attendant consequence of contami-
nation. There was ample growth of aerobes, coliforms, staphylococci, Shigella and yeast/mold from the
samples, water and cowpea pastes. Microbial contaminations occur through the processing, which can be

corrected through education by adopting good hygienic and manufacturing practices. The critical control
points were identified as frying, storage and refrying. It may be heated in the microwave for 10 s before
consumption. Akara, prepared in the laboratory through the implementation of HACCP was not contam-

inated. Several bacterial isolates, namely; Escherichia coli, Staphylococcus aureus, Staphylococcus epider-
midis, Citrobacter freundii, Serratia marcescens, Proteus vulgaris, Bacillus cereus, Streptococcus pyogenes,
Bacillus sp. and Shigella sp., showed multiple resistance to antibiotics ranging from two to nine. Seven

strains were not resistant to the antibiotics, while five were resistant to one type of antibiotic.
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INTRODUCTION

Cowpeas (Vigna unguiculata) are highly nutritious

legumes providing much needed protein, fiber and

B-vitamins to the diet and other nutrients such as cal-

cium, magnesium, iron, potassium and zinc (Aykroyd

et al., 1982; Uzogara and Ofuya, 1992). Most of the

world’s cowpea production, about 80%, is produced in

West Africa (FAO, 2000), where cowpeas are eaten on a

daily basis in foods like soups, moin-moin (steamed

cowpea paste) and akara (fried cowpea paste). The con-

sumption of cowpea is especially important in Nigeria

since malnutrition is a major problem in this area of the

world. With the increasing prices of animal protein,

legumes continue to provide a cheaper source of protein

than meats (Akinyele and Onigbinde, 1988).
Akara is a fried nugget-type product that is popular in

many West African and South American countries. This

savory finger food is made from whipped cowpea paste

seasoned with chopped fresh pepper (either hot or mild),

chopped fresh onion and salt (Hung et al., 1995), which
is fried in palm oil or vegetable oil at about 193 �C.
Its consumption cuts across different social and eco-
nomic strata. It is often consumed alone, or along a
number of starch-based foods such as garri (fried fer-
mented grated cassava that is soaked in water), solid or
liquid ogi (boiled fermented milled corn), bread and du-
n-du (fried pieces of yam). Its popularity is spreading to

other parts of the world too. In particular, a number of
investigations have been carried out in the US to deter-
mine its acceptability (McWatters et al., 1990, 1997;
Patterson et al., 2002). The major limitation in the pro-
duction of akara, the time-consuming production pro-
cess has been simplified through improved process, by
using cowpea flour (Prinyawiwatkul et al., 1996).
Investigations have also been carried out on the suitabil-
ity of the partial substitution of maize and soya bean in

the production of akara (Falade et al., 2003; Giami
et al., 2003).

There are two different types of akara depending on
the method of production, moisture content and the
extent of drying. The first type, the conventional akara
is the most popular, which is produced by a single deep
frying in palm or vegetable oil and contains a lot of
moisture which varies considerably (38.9�49%;
Patterson et al., 2002; Giami et al., 2003). It cannot be
stored for more than 8�10 h at ambient temperature,
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while the second type which is low in moisture content
(usually ground as thick paste without water) and often
deep-fried two times in hot vegetable oil, can be stored
for 8�10 weeks without spoilage by microorganisms.
While whipping is an important step in the preparation
of conventional akara to form foam which impacts the
texture of akara, the preparation of the second type does
not involve whipping in any form. Also, unlike in the
first type of akara, seasoning ingredients such as onion
and pepper are not used in the preparation of the second
type of akara.

Akara Ogbomoso represents the second group, whose
name was derived from the main center of production
(Falade et al., 2003). Akara Ogbomoso differs from the
conventional akara in terms of process, product charac-
teristics and shelf stability (Falade et al., 2003). Its pro-
duction had been an exclusive preserve of Ogbomoso
sub-tribe of ‘Yoruba’ race, although its preparation
can now be found in other towns and cities in
‘Yoruba’ land, Southwest Nigeria. Because of its long
shelf-life, the popularity and consumption of akara
Ogbomoso have increased tremendously and it can
now be found in several other cities in Southwestern
Nigeria.

In view of the problem that may be associated with
the consumption of akara Ogbomoso, particularly if
basic hygienic considerations are not observed during
its production, this study, which is first of its kind to
the best of our knowledge, was designed to examine the
samples of akara Ogbomoso for microorganisms from
both the production and selling points within
Ogbomoso metropolis. The bacterial isolates were then
subjected to antibiotic sensitivity testing, with the view
of establishing the public health implications of their
occurrence in akara Ogbomoso. In addition, the envi-
ronment, raw materials and the procedure for preparing
akara Ogbomoso were monitored to identify sources of
hazards and possible critical control points by applying
the hazard analysis and critical control point (HACCP)
strategy. HACCP strategy identifies hazards associated
with different stages of preparation and handling,
assesses the relative risk and identifies points where con-
trol measures would be effective (Bryan, 1988; Ehiri
et al., 2001; Oranusi et al., 2003; Obadina et al., 2008).
It has been used in various studies in recent times to
improve the safety of a number of Nigerian indigenous
foods and snacks (Oranusi et al., 2003; Adegoke et al.,
2008; Obadina et al., 2008; Sobukola et al., 2009).

MATERIALS AND METHODS

Sampling

Samples of akara Ogbomoso were collected from five
designated production (A, B, C, D and E) and selling

points of the akara (S1�S5), respectively, within
Ogbomoso metropolis, Southwest Nigeria. Sampling
was done twice a month for a period of 5 months cutting
across both dry and rain seasons. The samples were col-
lected as prepared and offered for sales (six to seven
pieces packed in transparent nylon bag), taken to the
laboratory under cold condition and analyzed within
4 h of collection. A control experiment was carried by
preparing akara Ogbomoso in the laboratory and
having the samples analyzed. In all, a total of 105
akara samples were analyzed in this study (10 samples
from each of the 10 production and selling points and 5
additional samples from the laboratory-prepared akara).
In addition, samples of cowpea paste and water used in
the preparation of akara were obtained from the five
production points in sterile plastic containers and used
for microbiological analysis.

Methods

Physico-chemical Analysis

The akara samples were analyzed for a number of
attributes, which include the diameter, thickness (using
caliper), color, weight per pack, yield per kilogram of
beans and texture. Similarly, the moisture and lipid con-
tents of akara samples were determined. Moisture con-
tent was determined using 5 g samples dried overnight in
a vacuum oven at 70 �C (AOAC, 1995). The weight loss
was then calculated to determine moisture content.
Dried samples remaining from moisture analysis were
used for fat analysis that was determined by overnight
solvent extraction with petroleum ether.

Microbiological Analysis

About 1 g was weighed aseptically from the ground
akara sample/cowpea seeds (cowpea paste) and then sus-
pended in sterile distilled water for serial dilution. In the
case of water, 1mL of water was used. Appropriate
dilutions of 10th, 100th and 1000th fold were done
and 0.2mL of solvent was used to inoculate the agar
using the pour plate method. Agars that were used for
enumeration and isolation of microorganisms are: yeast
extract agar for aerobic bacteria, Salmonella-Shigella
agar for Salmonella and Shigella, mannitol salt agar
for Staphylococcus, potato dextrose agar (PDA) for
yeasts and molds and MacConkey agar for coliforms.
All the plates were incubated at 37 �C for 24�48 h,
except the PDA plates that were incubated at room
temperature (30±2 �C). At the end of incubation, the
number of distinct colonies was counted and used to
calculate the microbial load in each case. Thereafter,
colonies were purified to obtain pure cultures and
then stored on agar slants at 4 �C. Distinct bacterial
colonies were screened and identified by means of
taxonomic schemes and descriptions (Buchanan and
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Gibbons, 1974), which was complemented with the API
identification kit (API System, Biomerieux, France).

Preparation of Akara Ogbomoso

The preparation of akara Ogbomoso was carried out
in the laboratory following the method used by the pro-
ducers, but under stringent hygienic conditions, by
incorporating the various control measures/good
manufacturing practice (GMP) for the identified sources
of hazards. About 500 g of blackeye beans sourced from
a local market in Ogbomoso was soaked in 2.5L of tap
water for 5min. This was followed by removing the
outer coat and then draining to remove water. The
beans were then blended without addition of water
using corn milling machine. After blending, the thick
paste was molded into cylindrical forms (Figure 1)
after the addition of salt, without whipping in any
form. There was no addition of seasoning agent such
as onion, although pepper may seldom be added. The
schematic diagram of the process is shown in Figure 2.
Some samples of deep-fried akara were heated in micro-
wave in the range of 5�30 s and then stored in low-den-
sity polythene (50 mm) at ambient temperature (30±2
�C) for up to 10 weeks.

Antibiotic Sensitivity Test

Three selected strains of each bacterial isolate
were tested for their sensitivity to antibiotics by means
of M2-A6 disc diffusion method recommended by the
National Committee for Clinical Laboratory Standards,
NCCLS (1997) using Mueller Hinton agar. Antibiotics
discs (Fondoz Laboratories) containing: Augmentin
(Aug), 30 mg; Amoxycillin (Amx), 25 mg; Ofloxacin
(Ofl), 5 mg; Tetracycline (Tet), 30 mg; Ceftriazone (Cro),
30 mg; Nitrofurantoin (Nit), 30 mg; Gentamycin (Gen),
10 mg; Cotrimoxazole (Cot), 25 mg; Ciprofloxacin
(Cpx), 10 mg; Pefloxacin (Pfx), 5 mg were used

for Gram-negative isolates. Cloxacillin (Cxc),
30 mg; Gentamicin (Gen), 10 mg; Cotrimoxazole
(Cot), 50 mg; Erythromycin (Ery), 10 mg; Clindamycin
(Cld), 10 mg; Cephaplexin (Cpx), 30 mg; Floxapen (Flx),
30 mg; Ciprofloxacin (Cpx), 5 mg; Augmentin (Aug),
30 mg; and Ofloxacin (Ofl), 5 mg were used for Gram-
positive isolates. The plates were incubated at 37 �C
for 24 h. After the incubation, zones of inhibition were
examined and interpreted accordingly (Chortyk et al.,
1993) considering the appropriate breakpoints
(Andrews, 2005). Earlier, the potencies of all the antibi-
otics used in the study were confirmed using susceptible
Escherichia coli strains.

Identification of Hazards

Identification of hazards was carried out through vis-
itations to the 10 production and selling points that were
designated for the study. Production of the akara was
observed among the producers, while the sellers were
also monitored with regard to the display of akara for
sales. Several other parameters were noticed, among
which are: the hygienic condition of the production envi-
ronment, personal hygiene of the producers and sources
of water used for the production, packaging and storage
of akara by the producers and the sellers. Samples of
water used in the production of akara and cowpea
pastes were obtained from the producers and used for
microbiological analysis as stated above. All these were
done to identify the likely sources of contamination in
the production and marketing chains of akara
Ogbomoso.

RESULTS AND DISCUSSIONS

The descriptive analysis of the production points is
shown in Table 1. It can be seen that in all cases that
were investigated, akara Ogbomoso was produced in
residential buildings and not in designated areas for
food processing or cottage industrial outlets. In this
wise, it was a regular occurrence for the producers to
rear different forms of animals within the household
where production takes place. The involvement of chil-
dren in the production process differs from one producer
to another. In most cases, underground water was used
in the production, which may be a deep well or borehole.
The hygienic nature of the production outlets, which
encompasses the existence of toilets, nature of kitchens
used for production, level of sanitation and personal
hygiene was just about average. While it was discovered
that all the producers learned the act from family mem-
bers, none of them have had a formal training on the
preparation of food. They were also involved in both
production and selling of akara Ogbomoso. Several
inadequacies such as storage of water in contamina-
tion-prone manner, closeness of kitchen to refuseFigure 1. Samples of akara Ogbomoso.
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dump and toilets and improper storage of utensils were
identified from one production point to another. In all
cases, the selling points are usually motor parks or gar-
ages, where patronage of the buyers is ensured. These
parks are characterized with low level of sanitation, with
a lot of human activities. Usually, akara packed in nylon
bags is displayed in the open for the buyers to purchase.

The microbial loads of samples of akara obtained
from both production and selling points are as presented

in Tables 2 and 3, respectively. No growth was obtained
on MacConkey agar on all samples obtained from one
of the producer (E), while samples obtained from three
producers (A, B and C) did not produce growth on
Salmonella-Shigella agar. Only one sample each
obtained from producers D and E produced growth
on the Salmonella-Shigella agar. In situations where
growths were obtained, the number of samples that pro-
duced growth varied, from 1 to 10 and microbial indices
of range 101�105.

With regard to the samples obtained from the selling
points, the loads of microbial indices varied consider-
ably (102�105). None of the samples from two selling
points (S1 and S2) had growth on Salmonella-Shigella
agar. A comparison of microbial indices indicates that

generally more total microbial cells were encountered in
samples from the production points. However, with
regard to some samples and microorganisms, counts
were higher in the samples from selling points, with an
important increase in all cases for the final concentration
of the molds and yeasts. It was also discovered that more
samples from the selling points had microbial growth
than those obtained at production points. However, no
strain of Salmonella was isolated in this study.

The results of microbial attributes of water and
cowpea pastes obtained from the production points are
shown in Table 4. Generally, all the samples were con-
taminated, although the level of contamination varied
from one producer to another. The microbial loads of
pastes were generally higher than that of water samples.
In all, water sample from producer A had the highest
microbial load of 3.228� 105 cfu/mL for the microbial
indices investigated, while water sample from producer
E, had the least cumulative load of 4.23� 104 cfu/mL.
The level of contamination in water samples is
A>C>D>B>E. However, the cowpea paste obtained
from producer B had the highest cumulative
load of 8.07� 105 cfu/g, while the least value of
2.985� 105 cfu/g was obtained in cowpea paste of

Procurement of beans/sorting 

Soaking in water at ambient temperature (500g in 2.5 L for 5min) 

Removal of seed coat

Draining off of water in basket (5 – 10 min) 

Grinding using corn milling machine to produce thick paste (water is not added)

Addition of salt, the main seasoning agent used 

Molding of paste/Frying in hot vegetable oil for 3 – 5min (followed by cooling for 15 – 20min)

Refrying in hot vegetable oil (5 – 10min) 

Cooling (20 – 30min) 

Packaging in low-density polythene 

Figure 2. Flow chart for the production of akara Ogbomoso.
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Table 1. The descriptive analysis of the production points.

Parameters/produc-
tion points A B C D E

Type of building/
house

16-Room
bungalow

Traditional mud house Traditional mud house Bungalow 2-Storey mud house

Type of family Nuclear Extended Extended Extended Extended

Rearing of domestic
animals

Yes; goats Yes; goats, cats and
hens

Yes; dogs and hens No Yes; goats and hens

Involvement of chil-
dren in
production

Yes Yes Yes No No

Source of water Tap and deep
well (with
cover)

Borehole and rain
water

Borehole Deep well with cover Deep well with cover

Presence of toilets Yes; pit latrine No Yes; pit latrine No Yes; pit latrine

Presence of wash
basin

Yes Yes No Yes No

Level of personal
hygiene1

Good Fair Fair Fair Fair

Type of kitchen Semi-closed
kitchen

Open outlet kitchen
covered with iron
sheets

Open outlet kitchen
covered with iron
sheets

Open outlet kitchen
covered with iron
sheets

Open outlet kitchen
covered with palm
leaves

Level of environ-
mental
sanitation1

Good Fair Fair Fair Fair

Any formal training
on food
preparation?

No No No No No

Acquisition of
knowledge about
production of
akara
Ogbomoso

Taught by the
mother

Taught by the mother Taught by a friend Taught by the mother Taught by the mother
in-law

Involvement in mar-
keting chain

Yes, produces
and sells

Yes, produces and
sells

Yes, produces and
sells

Yes, produces and
sells

Yes, produces and
sells

Other remarks Water stored in
an open
cemented
metallic drum

Water stored in open
rusty metallic drum,
and refuse dump is
close to the kitchen

The latrine is very close
to the kitchen

Usually production
utensils (basket,
turning stick and
frying spoon) are
not washed

Production utensils
usually kept on the
kitchen’s roof

1Level of personal hygiene/environmental sanitation: very good, good, fair or poor based on repeated observation.

Table 2. The average microbial load of akara samples obtained from production points.

Microbial load (cfu/g�104) of samples1

A B C D E

Aerobic plate count 40.711 (10) 11.454 (10) 9.258 (10) 113.436 (10) 15.246 (10)
Coliforms 25 (2) 0.07 (2) 0.089 (10) 0.902 (10) �
Salmonella-Shigella � � � 0.005 (1) 0.02 (1)
Staphylococci 0.24 (6) 1.524 (10) 0.304 (10) 0.005 (2) 0.37 (6)
Mold-yeast 3.29 (10) 3.91 (6) 49.566 (10) 4.408 (4) 2.508 (6)

Number in parenthesis indicates the number of positive samples.
1Microbial load is an average 10 readings and has uniform index of 104.
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producer E. In this case, the level of contamination is

B>C>D>A>E. The pH of the water samples varied

from 6.7 to 7.6, while the pH of the cowpea pastes

varied from 5.3 to 6.4.
The results of microbial analysis of laboratory-

prepared akara and the ingredients are as shown in

Table 5. The tap water used is of high quality, having

only aerobic plate and mold-yeast counts of 1 and

90 cfu/mL, respectively. It did not contain coliform,

Salmonella/Shigella or Staphylococcus. On the other

hand, the cowpea paste had aerobic plate, coliform,

staphylococcal and mold-yeast counts of 300, 3900,

900 and 1500 cfu/g, respectively. There was no growth

on Salmonella-Shigella agar. However, with regard to

the microbial indices used in this study, no growth was

obtained in samples of freshly laboratory-prepared

akara and the microwaved akara. Mold/yeast count of

only 2 cfu/g was obtained in microwaved akara that was

stored for a period of 10 weeks.
The physico-chemical attributes of akara Ogbomoso

are shown in Table 6. It is a coarse, tinted brown

product with a diameter of about 4.5 cm and average

thickness of 1.35mm. Usually, six or seven pieces are

packed in nylon bag, with an average weight of 28.5 g.

About 700 g of akara can be obtained from 1kg of

beans. The moisture and lipid contents are about 8.5%

and 11.5%, respectively.
Table 7 shows the details of processing steps, sources

of hazards and control measures in the production of

akara Ogbomoso. It was observed that both microbial

and chemical hazards can be encountered during various

stages of production. The chemical hazards are encoun-

tered during procurement of beans in the form of resid-

ual pesticides, water (through improper storage in rusty

metallic containers) and heavy-metal contamination

from the grinding machines. The microbial hazards in

the form of vegetative pathogens and spores can be

encountered through the use of non-potable or contam-

inated water, grinding, use of bare hands, low level of

sanitation and personal hygiene and poor manufactur-

ing practices such as cooling in uncontrolled environ-

ment, poor storage conditions and lack of use of basic

equipment. These hazards can be abated using a number

of control measures that bother on the use of high qual-

ity raw materials, maintenance of high level of hygiene,

adoption of GMPs and use of basic equipment. All these

control measures can be achieved through education

and enlightenment.
The resistance patterns of some of the bacterial iso-

lates to different antibiotics are as shown in Table 8.

Seven bacterial strains did not show resistance to any

of the antibiotics that were evaluated. These were strains

of Staphylococcus aureus, E. coli, Streptococcus pyogenes

and Shigella sp. obtained from diverse samples, includ-

ing cowpea paste and samples of akara from both pro-

duction and selling points. Five bacterial isolates showed

resistance to only one type of antibiotic; namely cloxa-

cillin, floxapen and pefloxacin. These were strains of

S. aureus and Staphylococcus epidermidis. A total of 38

other bacterial isolates showed multiple-drug resistance,

with the number of antibiotics ranging from two to nine.

These were strains of E. coli, S. aureus, S. epidermidis,

Citrobacter freundii, Serratia marcescens, Proteus

Table 3. The average microbial loads of akara samples obtained from selling points.

Microbial load (cfu/g�104) of samples after a month1

S1 S2 S3 S4 S5

Aerobic plate count 8.434 (8) 9.33 (10) 6.7 (10) 41.36 (10) 9.62 (10)
Coliforms 0.166 (6) 0.626 (10) 0.1802 (10) 0.1252 (8) 0.034 (8)
Salmonella-Shigella � 0.306 (2) � 0.0636 (2) 0.01 (1)
Staphylococci 0.114 (6) 0.342 (8) 0.2052 (8) 0.7886 (8) 0.184 (8)
Mold-yeast 62.07 (10) 26.382 (10) 96.066 (10) 14.792 (10) 80.744 (8)

Number in parenthesis indicates the number of positive samples.
1Microbial load is an average 10 readings and has uniform index of 104.

Table 4. The microbial loads and pH of water and
cowpea paste samples obtained from production

points.

Samples/microbial
load (cfu/mL�105)1 A B C D E

Water samples
Aerobic plate count 1.5 0.07 0.81 0.98 0.14
Coliform count 0.12 0.5 1.08 0.84 0.015
Salmonella-Shigella count 0.028 0.2 0.005 0.005 0.008
Staphylococcal count 0.082 0.005 0.48 0.48 0.04
Mold-yeast count 1.5 1.5 0.025 0.025 0.22
pH 6.9 6.7 6.8 7.5 7.6

Cowpea paste
Aerobic plate count 1.5 1.0 0.81 0.595 0.78
Coliform count 0.056 3.0 1.38 1.12 0.86
Salmonella-Shigella count 0.096 1.0 1.32 1.43 0.115
Staphylococcal count 0.09 3.0 0.99 1.08 1.16
Mold-yeast count 1.5 0.07 0.26 0.09 0.07
pH 5.8 5.6 5.3 6.4 6.2

1Microbial load is an average reading of duplicate taken in a month and has
uniform index of 105.
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vulgaris, Bacillus cereus, S. pyogenes, Bacillus sp. and

Shigella sp.
Akara Ogbomoso differs from the conventional akara

in terms of process, product characteristics and shelf

stability (Falade et al., 2003). It has a low moisture con-

tent which extends its shelf-life to more than 10 weeks,

while its low fat content is advantageous in reducing a

number of health problems that are associated with the

consumption of fats. From these points of view, akara

Ogbomoso would meet the need of every lover of akara,

for its long shelf-life and low fat content. It has been

reported that despite the growing number of low-fat

foods in the market, more and more Americans are

overweight (Binkley et al., 2000). Obesity leads to a

decrease in life span, because risks of developing certain

diseases such as coronary heart disease, diabetes and

hypertension are increased (Thompson et al., 1998).

Therefore, making akara that is lower in fat than the

traditional West African version could provide a prod-

uct that would be more suitable for consumers. Akara

Ogbomoso seems to have a tremendous application in

this regard having a fat content generally below 15%,

unlike the traditional/conventional akara that has fat

content of more than 30%. It has been found that the

higher the initial moisture content of the food, the more

fat the food will absorb during frying (Gamble and Rice,

1988), because the frying process involves migration of
oil into the food and water into the oil simultaneously
(Singh, 1995). Therefore, lowering the moisture content
of the paste initially could reduce the final fat content of
akara, because it would decrease the amount of water
available to migrate. Obviously, this is the situation in
the product of akara Ogbomoso (Figure 1), since the
cowpea is ground as a thick paste, without using
water. Because of the long shelf-life of akara
Ogbomoso, it can easily fit in to the convenience food
that can be purchased by the consumer and then micro-
waved for about 10 s before consumption. It can also be
a snack fit for marketing by eateries or snacks outlets,
which can easily microwave the akara for the consumers.
This will extend the popularity of akara Ogbomoso
among elite and foreign consumers.

The descriptive analysis of the production points is a
pointer to the environmental condition of the processing
areas. Results obtained in this study have shown that all
the producers processed akara within residential apart-
ments, with the attendant consequence of contamina-
tion. Practices, such as rearing of animals, involvement
of teenagers/children in the production of akara, use of
unwholesome water, lack of basic production tools, low
level of hygiene, poor means of storage and lack of
formal training on food preparation can contribute to
the contamination of the product during preparation
and storage. These practices among others were wit-
nessed during the course of this investigation. It has
been established that incidence of bacteria in food can
occur as a result of post-processing contamination by
the producers, water, utensils and animals in the envi-
ronment (Umoh et al., 1999). Studies have shown that
many of the street food vendors in Nigeria neither have
formal training on the preparation of food, nor medical
health certificate to indicate that they have carried out
the recommended physical and medical examinations
required for them to be licensed as food vendors
(Omemu and Aderoju, 2008). Even, some of the food
safety knowledge of the vendors could not be translated
into practice due to the lack of basic facilities, such as
water and toilets. It is therefore important that training
on hygiene and sanitation, provision of basic amenities

Table 5. The microbial attributes of ingredients and akara Ogbomoso produced in the laboratory.

Samples/microbial
load (cfu/mL� 103)1

Tap
water (pH 7.6)

Cowpea
paste (pH 6.2)

Freshly
prepared akara

Microwave-fried
akara2

Microwaved akara
stored for 10 weeks

Aerobic plate count 0.001 0.3 � � �
Coliform count � 3.9 � � �
Salmonella-Shigella count � � � � �
Staphylococcal count � 0.9 � � �
Mold-yeast count 0.09 1.5 � � 0.002

1Microbial load is an average reading of duplicate and has uniform index 103.
2Microwave refrying for 10 s before serving; (�) no growth.

Table 6. The physico-chemical attributes of akara
Ogbomoso.

Parameters
Attributes of akara

Ogbomoso1

Color Tinted brown
Diameter (cm) 4.50±0.05
Thickness (mm) 1.35±0.06
Weight per pack2 (g) 28.5±1.5
Texture Coarse hard texture
Moisture content (%) 8.5±1.2
Lipid content (%) 11.5±1.6
Yield per kg of beans (kg) 0.70±0.2

1Each numerical value is an average of five readings.
2Each pack contains six to seven pieces of akara.
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such as potable water and public toilets and the estab-
lishment of code of ethics for street food industry should
be pursued vigorously to ensure safety of street foods
including akara Ogbomoso. These can be better
achieved if cottage industries revolving around produc-
tion of street foods can be established, whereby basic
amenities are provided, only certified processors are
allowed to work and effective monitoring is put in
place to ensure compliance with good hygienic and
manufacturing practices. Our interactions with the pro-
ducers and sellers of akara Ogbomoso showed that this
would be accepted by them.

The level of contamination in the samples as deter-
mined by the loads of different microbial indices showed
that about 58.9% and 75.6% of akara samples from
production and selling points, respectively, were con-
taminated. Generally, the index of microbial load was
high (104�105) for a number of samples. The lapses
observed in the processing areas and during the process
were responsible for these levels of contamination.
Although, higher loads were obtained from a number
of samples from production points than those from sell-
ing points, more samples from the selling points were
contaminated. The reduction in the microbial load of
samples from selling points might be due to the nature
of akara Ogbomoso, having a very low moisture content
that may not favor the growth/survival of bacterial spe-
cies over a long period of time. In contrast, there was
upsurge in the incidence of yeasts/mold in the samples
from selling points, which might be as a result of their
capabilities to thrive in substrates of low aw. Similarly,
more samples from selling points were contaminated
with coliforms and Shigella. The high level of contami-
nation of samples from selling points might be attrib-
uted to post-processing contamination by the producers
during packaging using bare hands, mouth-blowing of

the polythene bags to open them and repackaging and
storage at ambient temperature (28�35 �C) that pro-
motes the proliferation of microorganisms.

Two important ingredients in the production of akara
Ogbomoso are water and cowpea, as such; microbial
examinations of water used in the production and
cowpea pastes were undertaken. All the samples (both
water and pastes) were contaminated. The sources and
storing conditions of water used were likely sources of
contamination. Several authors have reported high level
of contamination of water in the country (Ehiri et al.,
2001; Fawole et al., 2002; Lateef et al., 2005). Besides,
cowpea itself would contribute to the microbial load
observed in the pastes, as a result of natural and soil
microflora that are associated with it. Other factors
that might have contributed to the level of contamina-
tion include carry-over effects as regard utensils, con-
tainers and milling machines. The results obtained in
this study are within the range reported by previous
workers. In a study carried out to determine the micro-
biological quality of cowpea paste to prepare Nigerian
akara, Bulgarelli et al. (1988) reported total aerobic
microbial populations of 106�108/g, which increased
after 12-h incubation at 30�32 �C to ca. 109/g. Initial
coliform populations were 102�104/g and decreased
slightly between 6 and 12 h; while the yeast/mold popu-
lations remained constant at 104�105/g. The average ini-
tial pH of 6.0 declined to 5.1 and 4.5 after 6 and 12 h
incubation, respectively.

By incorporating necessary corrective measures in the
production process, akara Ogbomoso that was prepared
in the laboratory was not contaminated. Such corrective
measures are listed in Table 7. The use of high quality
water, high level of personal hygiene, use of molds
instead of hands, cooling in a container covered with
muslin cloth and packaging using forceps to pick

Table 7. Processing steps, sources of hazard and control measures in the production of akara Ogbomoso.

Processing steps Sources of hazard Hazard Control measures

Procurement of
beans/sorting

Beans Chemicals (pesticides, heavy metals)
and stones

Use of high quality beans/quality assur-
ance and inspection

Soaking Water, metallic container, soil and
sewage

Pathogenic organisms and metals Use of potable water

Removal of seed
coat

Hands Pathogenic organisms Personal hygiene

Grinding Milling machine Heavy metals, pathogenic organisms Personal hygiene/GMP
Molding of cakes Hand Pathogenic organisms Use of molds, personal hygiene/GMP
Cooling Air and baskets Vegetative pathogenic organisms and

spores
Cooling under basket covered with

muslin cloth; regular cleaning of
baskets

Packaging Hand (picking) and mouth (air-
blowing to open nylon)

Pathogenic organisms Picking using forceps or wearing of
gloves; good personal hygiene

Storage Vegetative cells and spores Pathogenic organisms GMP, storage in freezing bags at low
temperature; microwave heated for
10 s to be ready for consumption

Hawking/selling Hand (through repackaging) and air Pathogenic organisms and particulates Good personal hygiene; discourage-
ment of repackaging
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akara were some of the measures undertook. In certain
cases, freshly prepared akara were further heated in the
microwave oven and stored. At the end of 10 weeks, the
samples were devoid of contamination, except for a
yeast load of 2 cfu/g. The major critical points are
frying, storage and refrying.

The strains of bacteria that were isolated from the
samples include E. coli, S. aureus, S. epidermidis,
C. freundii, S. marcescens, P. vulgaris, B. cereus, S. pyo-
genes, Bacillus sp. and Shigella sp. In a recent study on
the ready-to-eat foods, E. coli, S. aureus and Bacillus sp.
were isolated from hawked akara (Adegoke et al., 2008).

Table 8. The antibiogram profile of bacteria isolated from water, paste and akara Ogbomoso.

Number of antibiotics Resistance patterns1 Isolates Sources of the isolate2

0 Nil

S. aureus E
S. aureus Paste E
E. coli S5
S. pyogenes S5
Shigella sp. S1
S. aureus E
S. aureus A

Cxc S. epidermidis; S. aureus S3; C

1 Flx S. aureus A
Flx S. aureus B
Pfx S. aureus S2

2 Cpx Flx S. aureus Paste C
Cot Flx S. aureus C
Cxc Flx S. epidermidis Paste E
Cro Gen Shigella sp. Water A

3 Cpx Cxc Flx S. aureus; S. pyogenes Water C; B
Nit Aug Cro E. coli; P. vulgaris S4; S3
Nit Aug Cro E. coli S2
Cxc Cot Flx S. aureus S3
Cxc Aug Flx S. aureus E
Aug Cro Tet S. marcescens D
Aug Cro Amx S. marcescens D
Aug Cro Cot S. aureus C

4 Cpx Cot Cxc Flx Bacillus sp. B
Aug Cot Cxc Flx S. pyogenes Paste C
Tet Amx Aug Cro E. coli Paste C
Nit Aug Cot Cro E. coli S2
Cot Cld Cxc Flx P. vulgaris; S. aureus S3; B

5 Cpx Cot Cld Cxc Flx B. cereus; S. aureus S2; Water B
Aug Cro Cot Amx Nit S. marcescens D

6 Aug Cpx Cot Cld Cxc Flx S. aureus Paste C
Aug Cro Cot Amx Nit Pfx C. freundii B
Aug Cro Cot Amx Nit Tet E. coli A
Aug Cro Cot Nit Tet Pfx E. coli D

7 Aug Ery Gen Cpx Cld Cxc Flx S. pyogenes S5
Cip Gen Cpx Cot Cld Cxc Flx S. aureus S5
Aug Cro Cot Amx Nit Tet Pfx E. coli D

8 Cpx Cot Cld Cxc Flx Aug Ery Gen Bacillus sp. S1
Aug Ery Gen Cpx Cot Cld Cxc Flx S. epidermidis S5
Aug Cro Nit Gen Cot Ofl Amx Tet C. freundii S4

9 Aug Ery Cip Gen Cpx Cot Cld Cxc Flx S. aureus S4
Aug Ofl Ery Gen Cpx Cot Cld Cxc Flx S. aureus S1
Aug Ery Cip Gen Cpx Cot Cld Cxc Flx S. aureus S1
Aug Ofl Ery Gen Cpx Cot Cld Cxc Flx S. aureus S4
Aug Ery Cip Gen Cpx Cot Cld Cxc Flx S. epidermidis S5

1Augmentin (Aug), Amoxycillin (Amx), Ofloxacin (Ofl), Tetracycline (Tet), Ceftriazone (Cro), Nitrofurantoin (Nit), Gentamycin (Gen), Cotrimoxazole (Cot),
Ciprofloxacin (Cpx), Pefloxacin (Pfx), Cloxacillin (Cxc), Gentamicin (Gen), Cotrimoxazole (Cot), Erythromycin (Ery), Clindamycin (Cld), Cephaplexin (Cpx),
Floxapen (Flx), Ciprofloxacin (Cpx), Augmentin (Aug) and Ofloxacin (Ofl).
2A�E, akara samples from production points; S1�S5, akara samples from selling points; water, water samples from production point; paste, cowpea pastes from
production point.
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Similarly, there has been report of the isolation of
Enterobacter, Klebsiella and Lactobacillus from cowpea
pastes used in making Nigerian akara (Bulgarelli et al.,
1988). Some workers have also reported the isolation of
S. aureus, E. coli, Streptococcus faecalis, Bacillus subtilis
and Klebsiella pneumoniae from contact surfaces and
ingredients during the production of akara (Badau
et al., 2001). The variation in the type of bacterial species
isolated from akara by different authors is attributable
to the microflora associated with the cowpea, water,
processing equipment and handlers, which may vary
widely. With the two levels of frying, it would not
have been possible for any of these isolates to survive
in akara Ogbomoso. However, during the stages of cool-
ing, which is usually done in an open space, varying
degrees of handling and re-packaging, including those
by children of low hygiene and inadvertent inoculation
of the polythene bags by mouth-blowing to open them,
this level of contamination is inevitable. Similarly, fungi
were isolated from the various samples, but these are
mainly Candida yeasts and Aspergillus niger. Various
authors have previously isolated these fungal isolates
from cowpea pastes and akara samples (Bulgarelli
et al., 1988; Badau et al., 2001). In any case, the isolation
of these organisms portends a great danger for public
health. These are organisms that can cause varying
degrees of infections and poisoning in humans.

Although, some few bacterial strains notably
S. aureus, E. coli, S. pyogenes and Shigella sp. did not
show resistance to the antibiotics used in this study, the
multiple-drug resistance shown by 38 isolates of
S. aureus, E. coli, S. pyogenes, S. marcescens, C. freundii,
S. epidermidis, B. cereus, P. vulgaris, Bacillus sp. and
Shigella sp. is a worrisome development. This in view
of the potential pathogenicity of the isolates and the
concern of public health, since major epidemics through-
out the world are increasingly found associated with
resistant pathogens (Levy, 2001; Canton et al., 2003).
The resistances of a number of these isolates have been
reported in literature.

Staphylococci are Gram-positive facultative anaero-
bic bacteria. They are widespread among mammalians
where they belong to the healthy microflora of skin and
mucosa. However, staphylococci are also common
human and animal pathogens. The coagulase-positive
species S. aureus are the species with the broadest path-
ogenic potential. In contrast to S. aureus, members of
the heterogeneous group of coagulase-negative staphy-
lococci (CNS) are regarded as less pathogenic bacteria.
CNS indeed represent a substantial part of the sapro-
phytic microflora in humans and they rarely cause dis-
ease in immunocompetent outpatients. In recent
decades, however, CNS have emerged as nosocomial
pathogens in immunocompromised individuals.
Specifically, S. epidermidis is a common cause of line-
associated septicemia and other polymer-related infec-
tions. Nosocomial isolates of both S. aureus and CNS

are characterized by increasing resistance toward antibi-
otics which is a great challenge for the management of
hospital-acquired infections (Ziebuhr, 2001). It is note-
worthy that in this study, about 45% of multi-drug resis-
tance occurred among the staphylococci.

Gündogan et al. (2006) reported high prevalence of
resistance of strains of E. coli and S. marcescens isolated
from samples of raw minced calf meat, chicken carcasses
and meatballs (ready-to-eat meat) to a number of anti-
biotics, including nalidixic acid, tetracycline, ampicillin,
kanamycin, chloramphenicol and erythromycin. S. mar-
cescens is recognized as an opportunistic pathogen and
strains of it are now resistant to commonly used antibi-
otics (Hejazi and Falkiner, 1997). However, up to 1950,
the species was thought to be a harmless saprophytic
organism (Anı́a, 2008). It has also been reported that
most C. freundii isolates showed resistance to anti-pseu-
domonal penicillins, first-, second- and third-generation
cephalosporins, gentamicin, tobramycin and aztreonam
(Wang et al., 2000). C. freundii often causes severe infec-
tions in immunocompromised, aged and debilitated
patients and its infections have been reported to account
for 1.5�2% of total nosocomial infections (Schaberg
et al., 1991). In the same vein, Proteus species are
highly resistant to antibiotics; therefore infections
caused by Proteus species are difficult to cure (Yah,
2007). Their plasmids are responsible for spreading anti-
biotic resistance genes in a microbial population. A large
number of Proteus species have varied multi-drug resis-
tant markers that are encoded on transferable plasmids.
Similarly, it has been reported that Shigella sp. isolated
in Cordoba, Argentina, were resistant to multiple anti-
biotics, particularly traditional agents such as ampicillin,
chloramphenicol and trimethoprim and all the isolates
harbored at least one plasmid (range 1�12) and the plas-
mid profiles differing in every case (Brito-Alayon, 1994).
Shigellosis is a global health problem. However, devel-
oping countries, where there is poor hygiene and unsafe
water supplies, are especially affected (Yismaw et al.,
2008). A result obtained from a study in Ethiopia has
demonstrated continued sensitivity of Shigella to genta-
micin and ciprofloxacin and widespread resistance to
tetracycline, ampicillin and cotrimoxazole (Yismaw
et al., 2008).

We have reported high levels of multiple-drug resis-
tance in a number of studies carried out on bacterial
isolates such as E. coli, S. aureus, S. marcescens, P. vul-
garis, S. pyogenes, B. cereus, Klebsiella sp., Micrococcus
sp., Pseudomonas aeruginosa, Enterobacter sp.,
Streptococcus equi, S. epidermidis and B. subtilis from
diverse environmental samples (Adewoye and Lateef,
2004; Lateef, 2004; Lateef et al., 2004, 2005, 2006).
These studies among other things showed steady rise
in the resistance of various isolates to different antibi-
otics. Since there is continuous interaction among dif-
ferent components of the environment, it is not
surprising that a high level of antibacterial resistance is
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obtained in this study. A number of practices that con-
tribute to the emergence, development and spread of
resistance in bacteria are rampant in the country.
These include: poor prescription without sensitivity test-
ing, self-prescription by patients, availability of drugs on
the counter, proliferation of fake or sub-standard drugs
and indiscriminate disposal of untreated wastes (phar-
maceutical, medical and industrial). In addition, many
antibiotics persist in the environment (Zuccato et al.,
2000) and this enhances resistance in bacteria that are
exposed to sub-optimal dose of antibiotics.
In conclusion, it has been shown that contamination

of akara Ogbomoso is largely due to post-processing
operations. The contamination can be abated through
the use of high quality water, high level of personal
hygiene, use of molds instead of hands, cooling in a
container covered with muslin cloth and packaging
using forceps to pick akara. It is also recommended
that refrying in the microwave can be undertaken
before consumption. These actions shall ensure the
safety of akara Ogbomoso.

ACKNOWLEDGMENTS

The authors acknowledge the cooperation of pro-
ducers and sellers of akara Ogbomoso, who took part
in this study. They also thank the authority of
LAUTECH, Ogbomoso, Nigeria for providing some
of the facilities used in this study.

REFERENCES

Adegoke G.O., Egunjobi O., Agbola S.O., Olatuberu C.O. and Moy
G. (2008). Hazard and Critical Control Points of Ready-to-Eat
foods and an abattoir examination in a typical tropical market.
International Journal of Food Safety, Nutrition and Public Health
1: 58�67.

Adewoye S.O. and Lateef A. (2004). Assessment of the microbiological
quality of Clarias gariepinus exposed to an industrial effluent in
Nigeria. The Environmentalist 24: 249�254.

Akinyele I.O. and Onigbinde A.O. (1988). Stability of protein digest-
ibility and composition of cowpea (Vigna unguiculata L. Walp)
during sealed storage at different temperatures. International
Journal of Food Science and Technology 23: 293�296.

Anı́a B.J. (2008). Serratia: overview. Available at: http://emedicine.-
medscape.com/article/228495-overview (accessed April 24, 2009).

Andrews J.M. (2005). BSAC standardized disc susceptibility testing
method (version 4). Journal of Antimicrobial Chemotherapy 56:
60�76.

AOAC (1995). Official Methods of Analysis of AOAC International.
16th edn, Arlington: Association of Official Analytical Chemists.

Aykroyd W.R., Doughty J. and Walker A. (1982). Legumes in Human
Nutrition. Rome: FAO, FAO Food and Nutrition paper.

Badau M.H., Salami G.O. and Kassim A.L. (2001). Microbiological
assay of ingredients, contact surfaces and stages in Akara pro-
cessing at three locations in Maiduguri, Nigeria. Agro-Science 2:
42�49.

Binkley J.K., Eales J. and Jekanowski M. (2000). The relation between
dietary change and rising U.S obesity. International Journal of
Obesity 24: 1032�1039.

Brito-Alayon N.E., Blando A.M. and Monzon-Moreno C. (1994).
Antibiotic resistance patterns and plasmid profiles for Shigella
spp. isolated in Cordoba, Argentina. Journal of Antimicrobial
Chemotherapy 34: 253�259.

Bryan F.L. (1988). Risks of practices, procedure and processes that
lead to outbreak of food-borne disease. Journal of Food
Protection 51: 663�673.

Buchanan R.M. and Gibbons N.E. (1974). Bergey’s Manual of
Determinative Bacteriology. 8th edn, Baltimore, MD: The
Williams and Wilkins Company.

Bulgarelli M.A., Beuchat L.R. and McWatters K.H. (1988).
Microbiological quality of cowpea paste used to prepare
Nigerian Akara. Journal of Food Science 53: 442�442.

Canton R., Coque T.M. and Baquero F. (2003). Multi-resistant gram-
negative bacilli: from epidemics to endemics. Nosocomial and
hospital-related infections. Current Opinion in Infectious
Diseases 16: 315�325.

Chortyk T.O., Severson R.F., Cutler H.C. and Siesson V.A. (1993).
Antibiotic activities of sugar esters isolated from selected
Nicotiana species. Bioscience, Biotechnology and Biochemistry
57: 1355�1356.

Ehiri J.E., Azubuike M.C., Ubbaonu C.N., Anyanwu E.C., Ibe K.M.
and Ogbonna M.O. (2001). Critical control points of complemen-
tary food preparation and handling in Eastern Nigeria. Bulletin
of the World Health Organization 79: 423�433.

Falade K.O., Adedeji A.A. and Akingbala J.O. (2003). Effect of soy-
bean substitution for cowpea on physical, compositional, sensory
and sorption properties of akara Ogbomoso. European Journal of
Food Research and Technology 217: 492�497.

FAO (2000). FAOSTAT Agricultural Data: Cowpeas, Dry Production.
Rome: Food and Agricultural Organization of the United
Nations. Available at: www.fao.org/page/collections?sub-
set¼agriculture (accessed February 27, 2001).

Fawole O.O., Lateef A. and Amaefuna M. (2002). Microbiological
examination of drinking water in Ogbomoso metropolis,
Southwest Nigeria. Science Focus 1: 16�20.

Gamble M.H. and Rice P. (1988). Effect of initial tuber solids content
on final oil content of potato chips. Lebensmittel-Wissenschaft
und-Technologie 21: 62�65.

Giami S.Y., Akusu M.O. and Jaja I.R. (2003). Production, organolep-
tic assessment and nutritional properties of akara from cowpea/
maize flour blends. Plant Foods for Human Nutrition 58: 1�9.

Gündogan N., Devren A. and Citak S. (2006). Incidence, protease
activity and antibiotic resistance of Escherichia coli and
Serratia marcescens isolated from meat, chicken and meatball
samples. Archiv für Lebensmittelhygiene 57: 113�117.

Hejazi A. and Falkiner F.R.(1997). Serratia marcescens. Journal of
Medical Microbiology 46: 903�912.

Hung Y.C., McWatters K.H., Phillips R.D., Beuchat L.R. and
Chinnan M.S. (1995). Physicochemical, microbiological and
akara-making properties of hard-to-cook cowpeas. Journal of
Agricultural and Food Chemistry 43: 989�992.

Lateef A. (2004). The microbiology of a pharmaceutical effluent and
its public health implications. World Journal of Microbiology and
Biotechnology 20: 167�171.

Lateef A., Oloke J.K. and Gueguim Kana E.B. (2004). Antimicrobial
resistance of bacterial strains isolated from orange juice products.
African Journal of Biotechnology 3: 334�338.

Lateef A., Oloke J.K. and Gueguim Kana E.B. (2005). The prevalence
of bacterial resistance in clinical, food, water and some environ-
mental samples in Southwest Nigeria. Environmental Monitoring
and Assessment 100: 59�69.

Lateef A., Oloke J.K., Gueguim Kana E.B. and Pacheco E. (2006).
The microbiological quality of ice used to cool drinks and foods
in Ogbomoso Metropolis, Southwest, Nigeria. Internet Journal of
Food Safety 8: 39�43.

Levy S.B. (2001). Antibiotic resistance: consequences of inaction.
Clinical Infectious Diseases 33: S124�S129.

McWatters K.H., Fletcher S.M. and Resurreccion A.V.A. (1997).
Evaluation of the sensory quality of akara (fried cowpea paste)
by teenage consumers. Journal of Food Quality 20: 117�125.

Akara Ogbomoso Preparation and Handling 399



McWatters K.H., Resurreccion A.V.A. and Fletcher S.M. (1990).
Response of American consumers to akara, a traditional West
African food made from cowpea paste. International Journal of
Food Science and Technology 25: 551�557.

NCCLS (1997). Performance Standards for Antimicrobial Disk
Susceptibility Tests, 6th edn. Wayne, PA: Clinical and
Laboratory Standard Institute, Approved Standards.
Document M2-A6.

Obadina A.O., Oyewole O.B., Sanni L.O., Tomlins K.I. and Westby
A. (2008). Identification of hazards and critical control points
(CCP) for cassava fufu processing in South-West Nigeria. Food
Control 19: 22�26.

Omemu A.M. and Aderoju S.T. (2008). Food safety knowledge and
practices of street food vendors in the city of Abeokuta, Nigeria.
Food Control 19: 396�402.

Oranusi S.U., Umoh V.J. and Kwaga J.K.P. (2003). Hazards and crit-
ical control points of Kunun-zaki, a non-alcoholic beverage in
Northern Nigeria. Food Microbiology 20: 127�132.

Patterson S.P., McWatters K.H., Hung Y.C., Chinnan M.S. and
Phillips R.D. (2002). Physico-chemical properties and consumer
acceptability of akara (fried paste) made from three cowpea cul-
tivars. Food Research International 35: 691�696.

Prinyawiwatkul W., McWatters K.H., Beuchat L.R. and Phillips R.D.
(1996). Cowpea flour: a potential ingredient in food products.
Critical Reviews in Food Science and Nutrition 36: 413�436.

Schaberg D.R., Culver D.H. and Gaynes R.P. (1991). Major trends in
the microbial etiology of nosocomial infection. American Journal
of Medicine 91(Suppl. 3B): S72�S75.

Singh R.P. (1995). Heat and mass transfer in foods during deep-fat
frying. Food Technology 49: 134�137.

Sobukola O.P., Awonorin O.S., Idowu A.M. and Bamiro O.F. (2009).
Microbial profile and critical control points during processing of

‘robo’ snack from melon seed (Citrullus lunatus thumb) in
Abeokuta, Nigeria. African Journal of Biotechnology 8:
2385�2388.

Thompson D., Edelsberg J., Kinsey K. and Oster G. (1998). Estimated
economic costs of obesity to U.S. business. American Journal of
Health Promotion 13: 120�127.

Umoh V.J., Adesiyan A.A. and Gomwalk N.E. (1999). Assay for
Staphylococcus aureus growth and enterotoxin in three fermented
milk products. Zariya Veterinarian 6: 7�15.

Uzogara S.G. and Ofuya Z.M. (1992). Processing and utilization of
cowpeas in developing countries: a review. Journal of Food
Processing and Preservation 16: 105�147.

Wang J.T., Chang S.C., Chen Y.C. and Luh K.T. (2000). Comparison
of antimicrobial susceptibility of Citrobacter freundii isolates in
two different time periods. Journal of Microbiology, Immunology
and Infection 33: 258�262.

Yah S.C., Eghafona N.O., Oranusi S. and Abouo A.M. (2007).
Widespread plasmid resistance genes among Proteus species in
diabetic wounds of patients in the Ahmadu Bello University
Teaching Hospital (ABUTH) Zaria. African Journal of
Biotechnology 6: 1757�1762.

Yismaw G., Negeri C. and Kassu A. (2008). A five-year antimicrobial
resistance pattern of Shigella isolated from stools in the Gondar
University Hospital, Northwest Ethiopia. Tropical Doctor 38:
43�45.

Ziebuhr W. (2001). Staphylococcus aureus and Staphylococcus epider-
midis: emerging pathogens in nosocomial infections.
Contributions to Microbiology 8: 102�107.

Zuccato E., Calamar D., Natangelo M. and Fanelli R. (2000).
Presence of therapeutic drugs in the environment. Lancet 355:
1789�1790.

400 A. LATEEF ET AL.


