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Abstract

Sixty-six (66) food products and ten water samples were collected from food vendors and restaurants
and examined for bacteriological quality using both the most probable number (MPN) technique and the
plate count of Escherichia coli on Eosin Ethylene Blue (EMB) and lactose fermenters on MacConkey
agar. All results obtained were analyzed using ANOVA and Duncan’s multiple range test. Out of the 66
food samples, 55.6% were positive for Escherichia coli as follows: beans (22.6%), Yam (44.4%), garri

(50%) pears (83.3%), cassava “foo-foo” (16.7%), “abacha” (83.3%), “okpa” (56%), rice (56%),

Magidiu

(83.3%) and moi-moi (66.7%). Out of the ten water samples, six were also positive for Escherichia coli.
Escherichia coli high proportion of food (75.9%) and water (80%) respectively showed the presence of
coliforms in general including Escherichia coli Geometric mean count (GMC% for MPN ranged from 1-180
and GMC for coliforms in various foods ranged from 1.0 x 10%-1.0 x 10°%fu/g. About 42.4% human
coliforms(Escherichia coli), 37.4% of faecal coliforms (Klebsiella pneumonia) and rest (20.2%) showed

other coliforms in food and water samples.
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Introduction

Food is one of the basic needs of man. It gives and
provides energy for different activities of life. For
instance, most foods are complex mixtures of
organic and inorganic chemical compounds which
the body requires to grow and maintain itself in
healthy condition (Enwere, 1998). According to
Davidson et al. (1975), it is utilization for body
building growth, maintenance and repairs of living
tissues and for the provision of protection against
diseases through the regulation of body
metabolism. These functions could be performed by
the six classes of food. While some people have the
facilities and can spare the time to prepare food in
their houses, many others would patronize food
vendors in open market places and restaurants. If
the importance of a food nutrient is judged by how
long we can do without it, water ranks as the most
important (Dosumu et al., 2009).

Food hygiene is essentially aimed at
producing food which is safe for human
consumption and of good keeping quality
(Adesiyun, 1984). The hygiene standard of a food is
based on good manufacturing practice as well as
the conditions of the raw materials. A food item
prepared from water contaminated with pathogenic
microorganisms will successively be contaminated
and a health risk. Byran (1988) identified the most
common food handling mistakes to include serving
contaminated raw food materials, inadequate
cooking or reheating of cooked foods, obtaining

food from unsafe sources; cooking foods
inappropriately; allowing too much of time lapse
between cooking and consumption. Certain

processes or handling practices in food preparation
(like washing of hands before food handling and

serving food hot) have been identified as being
essential or critical in preventing food borne disease
(Altekruse et al., 1995). However, these practices
are not fully abided by the food vendors. Similar
reports were identified by Adesiyun and Kwaya
(1983) indicating that cafeteria staff and other food
service workers are likely sources of food
contamination.

In Nsukka area, foods sold by vendors and
in restaurants include rice, beans, yam, pears,
cassava, foo-foo, garri, “abacha”, “okpa”, moi-moi
and “agidi”. They are available at the consumer’s
convenience and offered as ready-to-be-taken
foods. These foods are consumed by many people
and in large quantities. The foods are sometimes
poorly stored after cooking and therefore,
susceptible to microbial contamination and spoilage
as substrates for microbial growth (Jay, 2004;
Frazier and Westhoff, 2005; Okaka and Ene, 2005).
Frequent food contamination results with the
introduction of pathogens from unwashed hands,
fomites or indeed contaminated water used for
washing.

According to WHO (1993), water is also
considered an essential element of food. Thus, both
foods and water can be important vehicles for
transmission of certain enteric pathogens giving rise
to food and water-borne diseases (Adam and Moss,
1996) such as diarrhoeal infections (Jiwa et al.,
1981). Route of entry of such pathogen is invariably
the oral route. It is not often practicable to search
for a pathogen in a large quantity of food or water.
The detection and enumeration of indicator bacteria
are of primary importance for monitoring sanitation
and microbiological quantity of food and water
(Feng and Hartman, 1982). The possibility of
pathogen being present in food and water is often
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inferred from the presence of faecal coliforms.
Coliforms and faecal coliforms(Escherichia coli) are
all used as indicators of faecal pollution according
to Brooks et al. (2004). Among these Escherichia
coli is often preferred as an indicator because it is
specific and most reliably reflects faecal origin.

By virtue of definition, coliforms are gram-
negative, oxidase-negative, non-sporing rods that
are capable of fermenting lactose to produce acid
and gas within 24 hours at 37°C (Prescott et al.,
2005). It is possible to distinguish faecal coliforms
from those of plant origin because faecal coliforms
are able to ferment sugars at 44°C. The microbes
used as indices include Streptococcus faecalis,
Klebsiella, Enterobacter and Citrobacter species,
apart from Escherichia (Clark and Pagel, 1997).
Thus, as indices of faecal contamination, they are
used in the determination of the sanitary quality of
food and water.

Food and water are found to be highly
contaminated with coliform or other indicator
bacteria suggest risk of gastroenteritis, particularly
diarrhoea which accounts for high rate of morbidity
and mortality especially in under-developed
countries of the world (Jiwa et al., 1981; Mermin et
al., 1999). Microbial pollutants also cause a
widespread incidence of food poisoning. Pollution is
concomitant with low standard of hygiene in certain
communities. Nigerian communities being inclusive
in the above representing a good example of places
where food served in public eating-places and from
vendors could be highly contaminated and possibly
contain pathogens. Also, in countries where street
vending of food is prevalent, there is commonly a
lack of information on the incidence of food borne
diseases related to the street vended foods (Mahale
et al., 2008) .

This work was to determine the
bacteriological quality of food and water sold by
vendors and restaurants and mainly consumed by
common people in Nsukka, Nigeria. Attempts were
made also to
identify the contaminants in order to ascertain the
presence or absence of pathogens in the sample.
Coliforms (Escherichia coli) in general are used as
indicator organisms for faecal contamination of food
and water.

Materials and Methods

Sample collection/preliminary analyses: Sixty six
(66) samples of different foods were collected from
different food vendors and 10 water samples used
for food preparation were got alongside with the
respective foods. All the samples from the different
sources were microbiologically examined using two
assay methods [most probable number (MPN)
technique and direct plate count enimeration] for the
coliform colonies in appropriate media. A total of 76
samples were obtained from eating- places in
Nsukka market and from within the University of
Nigeria, Nsukka Campus. The food types were
“agidi”(6), “okpa”(6), moi-moi, rice(6), yam(9),
beans(9), garri (6), cassava foo-foo (6), “abacha”(6)
and pears (6). All foods collected were in the state
for immediate consumption. Some of the samples
were collected wrapped in polythene or contained in
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tins/cans, or served in plates, basins or pots. Each
sample was collected in fresh sterile polythene bags
using sterile spoon. The samples were put into pre-
sterilized conical flasks or test tubes and covered
with  aluminum  foil before bacteriological
examination. All samples obtained were taken to
the laboratory within 3 hours and maintained at
about 4°C prior to analyses.

Preparation of media: The media used for the
analyses of the samples were compounded
according to the manufacturer’s prescription (Oxoid
Manual, 1982). The media were MacConkey broth,
MacConkey agar, Nutrient agar, Eosin methylene
blue (EMB) agar, Glucose phosphate peptone
water, Peptone water, Urea agar base and Simon
citrate agar (Oxoid Ltd., Basing-stoke England). All
the heat-sensitive media were sterilized by
autoclaving at 121°C and 15lbpsi for 15minutes or
at 115°C and 10lbpsi for 10 minutes. After
sterilization of the media, they were dispensed
especially into sterile petri dishes and universal
bijou bottles for slants as appropriate. The media
were incubated at 37°C for 24 hours and checked
for sterility.

Estimation of coliform count by mpn technique:
MPN technique was used for the detection of faecal
coliforms in the samples using the MacConkey
broth having different amount, strength and number
of Durham tubes (APHA, 1998). A known weight,
25¢g of each of the food samples was weighed out
into 225mlis of sterile peptone water in a conical
flask or beaker. The samples were washed in the
saline and different quantities of the sample were
added to the various volumes of both in each tube
containing inverted Durham tubes. All the tube were
incubated at 37°C for 24-48 hours. After the
incubation the tubes were checked for growth, acid
and gas production. The estimation of the probable
number of faecal coliform bacteria was done using
standard and probability tables for 50ml,10ml and
Iml per 100ml of the samples (Cheesbrough,
1993). The positive tubes for coliforms by MPN
technique were inoculated into E. coli (EC) broth
and incubated at 44°C to confirm faecal coliform (E.
coli).

Isolation and enumeration of coliforms from
emb agar: Coliforms were isolated and enumerated
using the method described by APHA (1998). The
microbial load was estimated by calculating the
number of colonies per dilution in colony forming
units/gram or milliliter.

No.of colonies x Dilution factor
Inoculum volume

The positive tubes from MPN technique for
coliforms were inoculated into Esherichia coli (EC)
broth and incubated at 44°C to confirm faecal
coliform (E. coli).

Cfu/gorCfu/ml =

Identification of coliforms of human faecal
origin (growth at 44°C): A loopful of the isolates
was inoculated into sterile MacConkey broth in
tubes containing inverted Durham tubes. A change
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in colour from purple to yellow indicate acid
production while the presence of gaseous or air
bubbles in Durham tubes show gas production.

Characterization of isolates: After isolation and
purification of isolates, the growth on MacConkey
agar was observed for colony morphology-size,
shape, texture, inorganic colour and elevation.
Gram stain was performed on the isolates using
modified Newcomb’s method of 1964 (Henry et al.,
1987). The gram-positive isolates were discarded
while the gram-negative isolates were subjected to
biochemical reactions according to standard
methods such as sugar (Harrigan and McCance,
1976). These tests include Indole tests, Methyl red
test Voges-Proskaeur test; citrate utilization test;
Oxidase test, urea hydrolysis, sugar fermentation
and hydrogen sulphide production.

Statistical analysis: The gram-negative, oxidase-
negative isolates were subjected to statistical
analysis using the analysis of variance (ANOVA).

Results and Discussion

Out of the 76 samples (66 food samples and 10
water samples), results in Table 1 showed heavy
contamination of the foods with a few exceptions.
There was significant difference (p>0.05) in the
level of the individual food types using the total
coliform count. Similar analyses done using the
Escherichia coli showed a disappearance of the
mentioned significance (p<0.05) seen in the data
from the coliform count. The geometric mean count
(GMC) in the foods ranged from 1.0x10°-
1.22x10%fulg while the GMC for coliforms
(including the Escherichia coli) using the lactose
fermenting bacteria colony count was from 1.0x 10'-
3.50x109cfu/g. For the MPN technique, the GMC
was from 1-180 faecal coliform per 100ml (Table 2).
The high levels of the counts could be due to
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inadequate handling and storage of the foods by the
vendors. When compared with other researchers,
the values obtained were higher than the required
standard for food and water. Sadiq and Abdullahi
(2008) obtained high mean count of total aerobic
mesophilic organism above 108 cfu/g from two
eateries in University campus, Samaru, Zaria,
Nigeria. The coliform index of the cooked foods
from the eateries in Zaria showed that cooked
beans had the least index (1.0 x10°— 1.3 x 10°cfu/g)
followed by rice (1.0 x10%- 1.1 x10° cfu/g).Thus, the
coliform counts for the food and water in these
eateries showed high coliform counts above the
International Commission on  Microbiological
Specification of Foods (ICMSF) standards. A similar
study on satchet water marketed in University of
Nigeria, Nsukka campus showed that the coliform
counts was higher than the US Environmental
Agency Standard (Maximum contaminant levels or
MCLS) for coliform bacteria which states that
maximum count in any positive test should be 10
coliforms per 100ml (Dibua et al., 2007). These
researchers obtained a mean count of 1.2 x 10 -
2.2 x 10" cfu/g in cooked rice and the highest
mean count of 3.3 x 1010cfu/g from both eateries in
the University campus, Samaru, Zaria. These were
higher than the standard stipulated by regulatory
bodies. The standard set by International
Commission on Microbiological Specification of
Food (ICMSF) showed a limit of 10° cfu/g or aerobic
count of foods and coliform count of less than 10°
cfu/g (ICMSF, 1978).

The mean of the counts obtained from the
assay methods (most probable number technique,
Escherichia coli count and lactose fermenting
colony count) showed that there was no significant
difference (p>0.05) between the results obtained by
the three methods. However, using the individual
food types, there was significant difference (p>0.05)
between the counts obtained from three methods
respectively.

Table 1: Geometric count of lactose fermenting colonies and Escherichia coli in food and water samples

Sample Food type Water Storage MPN Lactose Lactose E. coli E. coli Std. Std.
source vat No. fermenti  fermenti  colonies  count Dev. Dev. E.
ng ng (cfu/g or (cfu/ml) Fermenti  Coli
colonies colonies ml) org. ng count count
(Ave)

B: Beans (cooked Tap Plastic 180 60 6.0x10° - - 9.89x10" -
and plain) pan

B. Beans (cooked Tap Pan 180 27 2.7x10° - - 8.49x10" -
and plain)

B; Beans (cooked Tap Pot 0 - - - - - -
and stewed)

B, Beans (*cooked Borehole Plot 0 - - - - - -
porridge)

Bs Beans (cooked Borehole Basin 180 62 5.6x105° 21 21x10’ 8.49x10"  5.66x10°
eaten with stew)

Bs Beans (cooked Tank Pot 0 - - - - -
and plain)

B, Beans (cooked Tank Pot 1 1 1.0x10’ - - 0 -
and plain

Bs Beans (cooked Tap Pot 7 - - - - - -
as porridge)

Bo Beans (cooked Pump Plate 180 22 2.2x10° 5 5.0x10° 2.83x10°  1.41x10°
on porridge) (served)

Bw Water for beans ~ Tap/pum  Plastic- 180 20 2.2x10® 4 4.0x10? 1.13x10* 6

p barrel



Yam (cooked as
porridge)

Yam (cooked as
porridge)

Yam (boiled and
plain)

Yam (fried)

Yam (with
vegetable)
Yam (fried)

Yam (boiled)
Yam (boiled)
Yam (boiled)

Water for yam

Abacha (mixed)
Abacha (mixed)
Abacha (plain)

Abacha (plain)
Abacha (plain)
Abacha (plain)

Water for
abacha

Okpa (cooked)
Okpa (cooked)
Okpa (cooked)

Okpa (cooked)
Okpa (cooked)

Okpa (cooked)
Water for okpa
Moi-moi
(cooked)
Moi-moi
(cooked)
Moi-moi
(cooked)
Moi-moi
(cooked)
Moi-moi
(cooked)
Moi-moi
(cooked)
Water for Moi-
moi

Pears (steamed)

Pears (steamed

)

Pears(steamed)
Pears (steamed)

Pears(steamed)
Pears (steamed)

Pears (steamed)
Cassava foo-foo
(cooked)
Cassava foo-foo
(cooked)
Cassava foo-foo
(cooked)
Cassava foo-foo
(cooked)

Tank
Tank
Tank
Tank
Borehole
Borehole
Borehole
Pump
Pump
Pump
Borehole
Borehole
Tank
Borehole
Tap
Tap
Tap
Pump
Tank
Tap

Rain
Tap

Tap
Tap
Pump
Tap
Tank
Tap
Tank
Tank

Tank

Tap
Tap
Tap
Pump

Tank
Tank

Tank
Tap

Tap
Tank

Pump

Basin
Basin
Basin

Open
basket
Pot

Show
case
Pot

Pot
Plate
(served)
Plastic-
barrel
Basin
Basin
Water
proof
Water
proof
Water
proof
Water
proof
Jerry can

Tin

Tin
Water
proof
Leaves
Polythen
e bag
Tin

Jerry can
Can

Tin

Can

Tine

Tin

Jerry can

Water
proof

Water-
proof
Water-
proof
Water
proof
Waterpro
of

Open ray
Polythen
e

Tank
Pot

Plate
Plate

Pan
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180

180

180

180

180
180

180
180
180
180
90

180
180
160
90

180
160

180
180
180

180

180

180

180

180

180

160
180

90
90

30

180

32

21

23

47

30

24
300
330
79
31-
74
73
22

350

28

33

10

11

15

11

15

3.2x10°
2.x10°
2.3x10°

4.7 x10°

3.0 x10°
5.1 x10°

2.4 x10°
3.0 x10°
3.0 x10°
7.9 x108
3.1 x10°
7.4 x108
7.3 x10°
2.2 x108

3.5 x10°

1.5 x10®

1.0 x10°
4.3 x10*
6.0 x10°

1.1 x10°

7.0 x10°

1.31 x10°

4.0 x10°
1.0 x10°

7.0 x10°

4.2 x10”
5.1 x10’

1.5x10°
1.0x10°

1.1 x10°

1.4 x10®

51

48

70

225

11

62

64

131

42

19
11

19

8.0 x10°

1.1 x107

6.0x10°
5.1 x10’

4.8 x10*
7.5 x10’
7.5 x107
2.25 x10°
1.1 x10’
6.2 x10’
6.1 x10°

3.0 x10’

1.5 x10®

1.0 x10°
4.3 x10*
6.0 x10°

1.1 x10’

7.0 x10°

1.31 x10°

4.0 x10%
1.0 x10°

7.0 x10°

4.2 x10"
5.1 x10’

1.1x10*
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6.36x10" -
4.24x10°  1.41x10°
5.66 x10" -

5.66 x10" -
1.41x10°  1.41 x10°
8.49 x10"  4.24 x10°
2.89x10° 1.13 x10*
2.89 x10®  5.66 x10’
2.89x10°  5.66x10"
1.55x10® -
2.26 x10®  4.69 x107

4.69 x10”
4.24x10°  1.27 x107
4.9x10° 4.2 x10°
42x10"  4.44x107
9.89x10" -
42x10"  1.69 x107
0 0
5.66 x10°  2.82 x10°
8.0x10"  1.0x10°
2 2.89 x10°
0 1.4 x10°
1.27 x10®  8.49 x10°
0° 1.41 x10°
0

1.41 x10°

4.24 x10°
1.41 x10°
3.54x10° 2.83 x10°
73.543x10 4.2 x10°
4.03x10*  1.41x10°
2.83x10° -
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Cfs Cassava foo-foo  Rain Pot 0 - - - - - -
(cooked) water
Cfs Cassava foo-foo Rain Plate 0 - - - - - -
(cooked) water (served)
Cfw Cassava foo-foo Rain Tank 3 13 - - - - -
(cooked)
Ry Rice (cooked Tap Plastic 180 - 1.3x10° 13 1.3x10°  1.41x10° 4.24x10°
and plain) pan
R> Rice (jollof and Tank Plastic 0 - - - - - -
stewed) pan
R3 Rice (cooked Tap Plastic 0 51 - - - - -
and stewed) pan
R4 Rice(cooked and Tap Plastic 180 210 51x10° 4 40x10°  1.13x10° 7.07 x10°
jollof) pan
Rs Rice (cooked Tap Plate 160 74 - 2 - - -
and plain (served)
Rs Rice  (cooked Tap/rain  Tank 180 24 2.1x10° 15 2.0x10°  3.82x10® 2.83x10°
and
Ru Water for rice Taplrain  Leaves 180 53 74x10° 20 15x10"  1.13x10° 3.54 x10°
Ag: Agidi (cooked) Tank Leaves 180 37 24x10° 28 2.0x10*  4.23x10°  8.49 x10°
Ag2 Agidi (cooked) Tank Leaves 180 45 5.3x10° 30 2.8x10"  8.49x10° 9.89 x10°
Ags Agidi (cooked) Tank Leaves 180 2 3.7x10° 27 3.0x10°  8.48x10" 6.36 x10°
Ads Agidi (cooked) Tank Leaves 0 19 45x10° 1 2.7x10°  7.0x10"  1.41x10°
Ags Agidi (cooked) Tank Tank 0 125 20x10"° - 1.0x10°  2.12x10" -
Ads Agidi (cooked) Tank Tank 180 104 1.9x10" 64 6.4x10°  7.07 x10® 9.89 x10°
Agw Water for agidi Tank Bowl 180 172 1.25x10° 88 8.8x10°  8.89x10° 1.84x10°
G Garri (cooked) Tap Plastic 180 11 9.7x10° 122 1.22x10®° 5.66x10’  3.54 x10°
G Garri (cooked) Tank Pan 180 1 1.72x10° 1 1.0x10° 1.41x10° 0
Gs Garri (cooked) Tap Pan 0 81 1.1x10® 1 1.0x10° 0 0
Ga Garri (cooked) Tank Pot 180 - 8.1x10° 81 8.1x10"  1.13x10® 1.54 x10’
Gs Garri (cooked) Tap/tank  Plate 0 - - - - - -
(served)
Ge Garri (cooked) Tap/tank  Tank 0 - - - - - -
Gw Water for garri Tap/ltank  Tank 2 - - - - - -
Key| - | —> No growth

Table 2: Estimation of faecal coliform bacteria using the most probable number technique

Probability Table For The Estimation of

Sample MPN of Faecal Coliform Bacteria
Food type Water Storagevat 50ml (1) 10ml Iml  MPN (per 100ml of
source (5) (5) samples)

B1 Beans (cooked and pain) Tap Plastic pan 1 5 5 180

B, Beans (cooked and plain) Tap Pan 1 5 5 180

B3 Beans (cooked and stewed) Tap Pot 0 0 0 0

Ba Beans (cooked and Borehole Plate 0 0 0 0
porridge)

Bs Beans (cooked and stewed) Borehole Basin 1 5 5 180

Be Beans (cooked and plain) Tank Pot 0 0 0 0

B~ Beans (cooked and plain) Tank Pot 1 0 0 1

Bs Beans (cooked and Tap Pot 1 2 1 7
porridge) (pump)

Bo Beans (cooked and Tap Plate 1 3 5 180
porridge) (pump (served)

Bw Water for beans Tap Plastic- 1 5 5 180

(pump) barrel

Y1 Yam (cooked as porridge) Tank Basin 1 5 5 180

Y2 Yam (cooked as porridge) Tank Basin 1 5 5 180

Y3 Yam (boiled/plain Tank Basin 1 5 5 180

Ya Yam (fried) Tank Open basket 1 5 5 180

Ys Yam (with vegetable) Borehole Pot 0 0 0 0

Ye Yam (boiled) Borehole Show case 0 0 0 0

Y7 Yam (boiled) Borehole Pot 0 0 0 0

Ys Yam (boiled) Pump Pot 1 5 5 180

Yo Yam (boiled) Pump Plate 1 5 5 180

(served)
Yw Water for yam Pump Plastic- 1 5 5 180
barrel
Ay Abacha (mixed) Borehole Basin 1 5 5 180
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Az Abacha (mixed) Borehole Basin 1 5 5 180
As Abacha (plain) Tank Water-proof 1 5 5 180
As Abacha (plain) Borehole Water-proof 1 5 3 180
As Abacha (plain) Tap Water-proof 1 5 5 180
As Abacha (plain) Tap Water-proof 1 5 5 180
Aw Water for abacha Tap Jerry can 1 5 4 160
O Okpa (cooked) Pump Tin 1 5 3 90
(o)) Okpa (cooked) Tap Tin 1 5 5 180
O3 Okpa (cooked) Tap Water-proof 1 0 0 0
Oy Okpa (cooked) Tap Leaves 1 5 4 160
Os Okpa (cooked) Pump Polythene 0 0 0 0
bag
Os Okpa (cooked) Tank Tin 1 3 3 18
Ow Water for okpa Tap Jerry can 1 5 5 180
M1 Moi-moi (cooked) Rain Can 1 5 5 180
M, Moi-moi (cooked) Tap Tin 0 0 0 0
M3 Moi-moi (cooked) Tap Can 1 5 5 180
My Moi-moi (cooked) Tap Can 1 5 5 180
Ms Moi-moi (cooked) Pump Tin 0 0 0 0
Ms Moi-moi (cooked) Tap Tin 1 5 5 180
Mw Water for moi-moi Tank Jerry can 0 0 0 0
P1 Pears (steamed) Tap Water proof 1 5 5 180
P, Pears(steamed) Tap Water proof 1 5 5 180
P3 Pears(steamed) Tap Water-proof 0 0 0 0
P4 Pears(teamed) Pump Water-proof 1 5 5 180
Ps Pears(steamed) Tank Open tray 1 5 4 160
Ps Pears(steamed) Tank Waterproof 1 5 5 180
Pw Water for Pears Tank Tank 1 5 3 90
Cfs Cassava foo-foo (cooked) Tap Pot 0 0 0 0
Cf, Cassava foo-foo (cooked) Tap Plate 1 4 3 30
Cf3 Cassava foo-foo (cooked) Pump Plate 1 4 3 30
Cfa Cassava foo-foo (cooked) Tank Pan 0 0 0 0
Cfs Cassava foo-foo (cooked) Tank Pot 0 0 0 0
Cfs Cassava foo-foo (cooked) Tank Plate 0 3 0 0
(served)
Cfw Water for cassava foo-foo Tap Tank 1 5 5 180
Ri1 Rice (cooked and plain) Tank Plastic pan 0 0 0 0
R> Rice (jollof and stewed) Pump Plastic pan 0 0 0 0
Rs Rice (cooked and stewed) Rain Plastic pan 1 5 5 180
water
R4 Rice (cooked and jollof) Rain Plastic pan 1 5 4 160
water
Rs Rice (Cooked and plain) Rain - 1 5 5 180
Re Water for rice Tap Plate 1 5 5 180
(served)
Rw Agidi (cooked) Tank Tank 1 5 5 180
Agx Agidi (cooked) Tap Leaves 1 5 5 180
Ag> Agidi (cooked) Tap Leaves 1 5 5 180
Ags Agidi (cooked) Tap/rain Leaves 0 0 0 180
Adga Agidi (cooked) Tap/rain Leaves 0 0 0 0
Ags Agidi (cooked) Tank Leaves 1 - 5 0
Ads Agidi (cooked) Tank Tank 1 5 5 180
Agw Water for agidi Tank Tank 1 5 5 180
G; Garri (cooked) Tap Bowl 1 5 5 180
G2 Garri (cooked) Tank Plastic 1 5 5 180
Gs Garri (cooked) Tap Pan 0 0 0 0
Gy Garri (cooked) Tank Pan 1 5 5 180
Gs Garri (cooked) Tap/tank Pot 0 0 0 0
Gs Garri (cooked) Tap/tank Plate 0 0 0 0
(served)
Gw Water for garri Tap/tank Tank 0 1 1 2

830

Note: 50mls and 10mls — volumes of the broth in the tubes ( ) ——» number of the tubes

o

g No growth
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This work reported here is a part of a wider
study on the bacteriological quality of food and
water in Nsukka area of Enugu State of Nigeria.
The foods consumed in the open-air market,
restaurants and cafeterias around the town were
studied in order to determine the level of hygiene,
sanitation and manufacturing practice. The food
items of interest were those locally prepared and
eaten by persons outside their homes. The high
counts recorded for almost all the food items could
be attributed to the fact that the cooked foods are
not usually maintained at ambient temperature for a
long time and the content coupled with general poor
storage facilities. Byran(1988) had stated that
general state of inadequate hygiene and sanitation
could count for high counts of microorganisms in
foods. Abdullahi et al. (2004) andSadiq and
Abdullahi (2008) all reported the presence of large
microbial population in some foods due to bad
hygienic practices by food handlers. They were
generally high aerobic count of the food handlers
and all the food items, which were an indication of
poor hygienic state of the food service centres.

Coliform bacteria were used in this study
as indicators of faecal contamination and possible
presence of pathogenic organisms in the food
groups and a few water samples. The water
samples were used specifically to trace the sources
of contamination of the foods. The two methods
were used to enumerate the number of coliforms
present in the food and water samples. The use of
these three methods ensured more efficient
recovery of the coliforms. Besides use of MPN and
direct plate methods the validity of the result would
be strengthened and the problem of false negative
in food and water samples would greatly be
reduced. The results got by MPN technique were
not significantly different (p<0.05) from those got by
serial dilution (duplicate plate) method.

LeChavellier and McFeters (1984) had
pointed out that data from only one method is not
significant for proper analysis of food and water
samples. Though membrane filtration is the ideal
method for estimating the number of coliforms in
food and water because of its accuracy and speed
(Cheesbrough, 1993), It was not used in this work
because of the high cost and unavailability of the
membrane. Windle (1968) noted that a three-hour
resuscitation at 37°C prior to incubation at 44°C
narrowed the gap in true positive obtained between
plate count dilution techniques and membrane
filtration. It is  suggested that a combination of
MPN and plate count dilution techniques with
resuscitation might achieve up to 99.0% correlation.

From the MPN techniques, the ideal
situation would be one in which the water contains
no coliforms. However, according to the World
Health Organization (1971), 10 coliforms per 100ml
of water is the upper limit of contamination
acceptable in drinking water in small community
supplies. In our observation, the coliform counts in
the water samples were greater than the
recommended world standard. This implies that
most of the water supplies in Nsukka do not meet

the acceptable hygienic standard. With the advent
of ‘pure water’ (packaged water ), many consumers
had resorted to the use of sachet or bottled water
during food consumption .However, a study within
Nsukka metropolis (the University) indicated that
the sachet water did not conform to regulatory
standards because the pathogens isolated
(coliforms) were very high (Dibua et al., 2007).

The research emphasized on the need to
increase awareness of the hazard on eating
contaminated foods and ways to prevent the
contamination. Thus, microbiological quality control
of foods and water is essential for a safe,
wholesome and consistent food supply. This could
be achieved with the aid of the governmental public
health worker in cooperation with the food sellers.
Routine inspection of premises where foods are
cooked or sold and samples of the food for
microbiological examination should be encouraged
(Ahmed et al., 1976). The involvement and active
participation of individuals and communities will
help achieve this. There was high coliform index for
the different food items and water that were served
in the cafeteria and its environs on campus. This of
course should be of great concern bearing in mind
that WHO (1981) had recommended that drinking
water should have a coliform index less than one
per 100ml of treated water. The high coliform index
may be due to leakages in the water supply network
and other pollution that bring about an increase in
the microbial population (Zammelli et al., 1993). It
could as well be attributed to the shortage pattern of
water and the available storage devices.

Indeed, since the coliform bacteria are
used to indicate the presence of all pathogenic
organisms transmitted by faecal-oral route, they
should be done routinely in bacteriological
laboratory according to LeChavellier and McFeters
(1984). The more frequent monitoring will be helpful
in detecting contaminated water and food supplies.
Here in Nigeria, there is no generally established
microbiological standard for vended food and water.
In the United States of America, the U.S.
department of the Interior, Federal Water Pollution
Control Administration in its 1968 report on water
quality stated the tolerable limit for recreation
purposes as up to ten as the total faecal coliform in
100ml of water (Black et al., 1980). Adoption of this
standard would be beneficial in this country. The
isolation of E.coli gives an indication of a faecal
pollution with an attendant risk of other pathogens
like Salmonella species and other parasites that
may be transmitted through water or food.
Zweitering (2002) had reported that pathogens have
been transmitted through water. Adesiyun (1995)
had earlier reported that water for consumption and
other drinks are highly contaminated with coliforms
in some parts of Trinidad. With the high coliform
index, there is the potential of spreading food borne
diseases.

In conclusion, a change in the coliform
monitoring technique for food and water supplied to
the public and restaurants will be helpful. The
improvement on the methods for coliform
determination will be an effective rationale to
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achieve a better control of pollution and diseases
outbreak. Also, the results indicated that people
who patronize the food vendors are obviously
exposing themselves to hazards. It is imperative
that good sanitation be maintained in food
preparation and handling of cooked foods at all
times to save consumers from the possible dangers
of food-borne ilinesses.
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