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Abstract Microorganism are known to be present anywhere they can proliferate, its presence dictates it
pathogenicity or otherwise. The study was embarked to assess the enteric bacterial quality and potential risk of water
at the bottom of selected commercial freezers in Yenagoa metropolis. Serial dilution was adopted for the assessment
of Heterotrophic bacterial count (HPC). From the analysis, bacterial count ranged between 1.083±0.104×107cfu/mL
and 2.0 ± 0.358×107cfu/mL. the highest was in sample 4 (S4) and least in sample 10 (S10), the study thus found the
presence of heterotrophic bacteria in all samples. This research reveals that freezers S5, S3, S4 and S8 were seriously
contaminated, having mean viable bacterial load of 2.47×107cfu/mL, 2.18×107cfu/mL, 2.00×107 cfu/mL and
2.00×107 cfu/mL, respectively; while freezer S1, S2, S6, S7, S9 and S10 had variably viable bacteria count, the
occurrence of heterotrophic bacteria count (HPC) between sampled freezers was statistically very significant
(P<0.05, 0.01). Bacteria cells using morphological and biochemical characterization identified in the study include
Escherichia coli (29.4%), which was the most frequently occurring organism, followed by Citrobacter spp (14.7%),
Klebsella pneumonia (14.7%), Shigella spp (11.8%), Pseudomonas aeruginosa (11.8%), Yersinia spp (8.8%) and
Campylobacter jejuni (8.8%). E coli were the most frequently isolated bacteria. E. coli and other Eneteric bacteria
isolated from freezers are an indication that food items and water stored in these freezers are not safe from public
health stand point. Susceptibility of isolates to antibiotics reveals 8(23.5%) were resistant and 26 (76.5%) were
susceptible out of 34 cells identified. High resistance was seen in Klebsiella spp which had 2 (60%) and 100%
susceptibility was seen among Citrobacter spp and Yersinia spp, on the other hand other isolate had varying drug
resistant patterns. The importance of temperature control and regular efficient cleaning regimes need to be
communicated to the public so that, effectual management and cleaning of freezers makes frozen food reliable and
less likely to act as significant sources of human food and water borne diseases.
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1. Introduction
The heterotrophic group of bacteria encompass a broad
range of bacteria that uses organic carbon sources to grow.
Colony counts of heterotrophic bacteria, referred to as
HPC, provide an indication of the general load of aerobic
and facultative anaerobic bacteria of a water sample. This
indicator is also known as standard plate count (SPC),
aerobic plate count (APC) and total plate count (TPC) [1].
Heterotrophic plate count (HPC), reflects the load of
general aerobic bacteria in the water system, it can be used
for detection of all bacteria, but cannot be used in fecal
contamination test [2]. Thus, it is no longer used as a
health-related indicator [3]. Heterotrophic bacteria are
natural inhabitant of the human body and animal. They
include; Proteus, Enterobacter, Aeromonas, Citrobacter,

Pseudomonas, Klebsiella, Flavobacterium, Moraxella,
Alcaligenese and Acinetobacter, Bacillus and Micrococcus
[4]. The heterotrophic plate counts (HPC), expressed as
colony-forming units (CFU), became one of the standard
techniques for microbial water quality testing [5]. Health
significance and occurrence of injured bacteria in drinking
water [6] as well as potentially pathogenic features of
heterotrophic plate count bacteria from treated and
untreated drinking water has been reported [7]. Heterotrophic
bacteria are not indicators of pathogenic conditions but
some of them like Pseudomonas is opportunists and can
cause some infections in skin and lung and others
such as Aeromonas cause gastroenteritis [8]. With high
concentrations of heterotrophic bacteria in the water, it is
hard to determine the fecal coliform and pathogenic
contaminations [9]. In addition, heterotrophic bacteria
count over 1,000 CFU/ml in water samples can cause
low sensitivity in tube tests and the membrane filter.
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Organisms such as Pseudomonas and Flavobacterium can
prevent the growth of coliform and prevent the observed
gas production in lactose fermentation and with dispersed
growth on the membrane filter, and interfere with coliform
on M-Endo medium, and therefore coliform detection
could be hindered. Increase in heterotrophic bacteria could
be a sign of trouble in treatment, repair, installation or
influence of microbial growth in the distribution system
and presence of biofilm [10], and one reasons which may
increase the risk of gastroenteritis [11].
Yenagoa metropolis harbours many kinds of businesses
including operators of restaurants, superstores, cold rooms
which store wide variety of foods such as meat,
fish, shellfish, vegetables, alcoholic and non-alcoholic
beverages and water in several containers etc. These food
items are majorly stored in deep freezers as a means of
storage but due to infrequent light supply in this part of
the world, food items are thawed with a resultant draining
of water down the bottom of freezers. This water accumulates
and becomes a breeding ground for heterotrophic bacteria
which become active once taken out of the freezers
[12,13,14]. This study was aimed at determining the
Heterotrophic bacteriological quality of water that collects
at the bottom of freezers in selected stores in Yenagoa
metropolis, to assess and establish the possible public
health risk posed by these restaurants.

2. Materials and Methods
2.1. Collection of Water Sample
Sample was collected from the bottom of commercial
freezers in Yenagoa, Bayelsa state. A total of 10 samples
were collected in triplicate. The samples were randomly
collected from cool rooms, restaurant and from stores
within the city capital. The sample was collected in sterile
glass bottle using disposable sterile hand gloves. These
were labeled sample 1 to sample 10 respectively and taken
to the laboratory for bacteriological analysis [15].

2.2. Bacteriological Analysis
2.2.1. Total Heterotrophic Counts
The method of [16] was adopted with slight
modification as samples collected were moderately turbid
and, hence ten–fold serial dilutions (10-3-10-7) were
prepared for all samples using sterile distilled water [17].
1mL aliquots of samples diluted to 10-3-10-7 were plated
on already prepared nutrient agar in Petri dishes in
triplicates and the total heterotrophic count THC was
determined by pour plate technique [18] using nutrient
agar (Oxoid, England). These cultures were incubated at
37°C for 48hours after which bacterial colonies were counted.
2.2.2. Identification of Bacterial Isolates
Identification of bacteria isolated was based on cultural,
Morphological and cellular (Gram’s reaction and motility)
characteristics along with biochemical characterization
such as Indole, catalase, coagulase, oxidase methyl red,
Voges proskauer and Citrate utilization (IMViC) reactions
as well as carbohydrate utilization using Klinger iron agar
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(KIA) test were employed to establish the identity of
each isolate. The cultural media used initially for the
presumptive isolate were selective media Salmonela
Shigella Agar, Macconkey agar TCBS, Simon Citrate
Agar, Xylose Lysine Deficiency (XLD), The method of
[16,19,20] was adopted in the cultural and biochemical
identification of isolates.

2.3. Statistical Analysis
Differences in contamination level of the sampled
freezers with respect to bacterial counts were determined
using the statistical method, analysis of variance (ANOVA)
with SPSS version 20.

3. Result/Discussion
Table 1 presents the Mean heterotrophic bacterial
counts in water samples from freezers, the bacterial count
ranged between 1.083±0.104 ×107cfu/mL and 2.0 ± 0.358
×107 cfu/mL. the highest was in sample 4 (S4) and least in
sample 10 (S10), the study thus found the presence of
heterotrophic bacteria in all samples. The bacteriological
quality was better than that reported by [21], who had
reported that 16% of the bottled water samples from
Canada had bacterial counts higher than 1000cfu/mL. The
quality was also superior to those samples analyzed by
[22,23] who reported that more than 50% of the water
samples had bacterial counts higher than 1000cfu/mL. The
results were comparable to those reported by [24] in the
bottled drinking water samples sold in retail outlets of
Nigeria. This research reveals that freezers S5, S3, S4 and
s8 were seriously contaminated, having mean viable
bacterial load of 2.47 × 107, 2.18 × 107 cfu/mL, 2.00 × 107
and 2.00 × 107 respectively; while freezer S1, S2, S6, S7,
S9 and S10 has variable viable bacteria count, these
counts may be as a result of poor sanitary practices.
Figure 1 presents the incidence of enteric bacteria
pathogens in the sample waters. the result shows that
Escherichia coli was (29.4%), which was the most
frequently occurring organism, followed by Citrobacter
spp (14.7%) and Klebsella pneumonia (14.7%), Shigella
spp (11.8%) and Pseudomonas aeruginosa (11.8%),
Yersinia spp (8.8%) and Campylobacter jejuni (8.8%).
E coli were the most frequently isolated bacteria E. coli
and other Eneteric bacteria isolated from freezer is an
indication food items and water stored in these freezers
are not safe from public health stand point [25,26,27].
These may be associated to food handler’s hygiene
practices, especially hand washing practices after using
the rest room [28].
Table 2 presents the percentage of bacterial cells
resistance and susceptibility to antibiotics, the result
showed that 8(23.5%) were resistant and 26 (76.5%) were
susceptible out of 34 cells identified. High resistance was
seen in Klebsiella spp which had 2 (60%) and 100%
susceptibility was seen among Citrobacter spp and
Yersinia spp, on the other had other isolate had varying
drug resistant patterns. Results of the antibiotic sensitivity
testing revealed that most of the Enteric bacteria isolated
from water sample from freezers were mostly susceptible
to antibiotics used for the investigation.
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Table 1. Results of Total Heterotrophic Bacteria counts for Different locations

Locations

Mean Cont.
(X 107cfu/ml)

Standard
Deviation

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

1.417ab
1.673abc
2.183cd
2.000bcd
2.470d
1.760abcd
1.800abcd
2.007bcd
1.540abc
1.083a

0.597
0.327
0.407
0.173
0.352
0.622
0.265
0.358
0.394
0.104

95% Confidence Interval for Mean
Lower Bound
Upper Bound
0.065
2.89
0.857
2.490
1.172
3.195
1.570
2.430
1.596
3.344
0.215
3.305
1.143
2.457
1.118
2.896
0.563
2.517
0.825
1.342

Minimum

Maximum

1.00
1.30
1.90
1.80
2.10
1.08
1.50
1.80
1.12
1.00

2.10
1.92
2.65
2.10
2.80
2.30
2.00
2.42
1.90
1.20

S1 – S10 are sampling codes for different sampling locations. Data expressed as Mean± Standard Deviation, differences in alphabetical subscript
indicates significant difference.
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Figure 1. Percentage incidence of Enteric bacteria isolated
Table 2. Percentage of Total Heterotrophic Bacteria Resistance to Antibiotics
Bacteria cells
E coli
Citrobacter spp
Shigella spp
Klebsiella spp
Pseudomonas auroginosa
Yirsinia spp
Campylobacter spp
Total

No of cells
10
5
4
5
4
3
3
34

4. Conclusion
These results from the study revealed that most commercial
freezers used in Yenagoa metropolis are of public health
concern as a wide range of waterborne and food
borne infections may spread through these contaminated
commercial freezers. This study has shown that food and
water borne pathogens can survive in water at the bottom
of commercial freezers and therefore pose a risk of
cross-contamination among food and water handlers.
Thus, a number of potential food and water related

Resistance
3 (30%)
0 (0%)
1 (25%)
2 (60%)
1 (25%)
0 (0%)
1 (33.3%)
8(23.5%)

susceptible
7 (70%)
5 (100)
3 (75%)
3 (40%)
3 (75%)
3 (100%)
2 (66.7 %)
26 (76.5%)

pathogens including Escherichia coli, Campylobacter spp,
Salmonella spp, Shigella spp etc were encountered in this
study. These results suggest that the heterotrophic bacteria
in high concentrations in water do not have any effect on
determining the fecal coliform and pathogens however the
level of contamination is likely to be influenced by
hygiene practice of freezer cleaning and maintenance. The
study also finds out that there was significant difference
among the different water samples, the spread, growth and
survival of food and waterborne pathogens can be
controlled with correct food storage and preparation
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practices, regular cleaning and disinfection of food contact
sites. As we rely more and more on refrigeration as a
means of food preservation, it is crucial that the public be
made aware that the freezers can in fact represent a
significant niche for the persistence and dissemination of
Enetric pathogens. The importance of temperature control
and regular efficient cleaning regimes need to be
communicated to the public so that, effective management
and cleaning of freezers makes them consistently reliable
elements of the chilled food chain, and less likely to act as
significant sources of human food borne diseases.
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