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Bacterial and other microbial contamination of fresh vegetables from the farm or garden to the market
and to the final consumer remain a problem worldwide. This study was designed to evaluate the various
possible bacterial species responsible for the contamination of Brassica oleracea var. capitata
(cabbage) grown in the Korle-Bu vegetable garden and sold at the Agbogbloshie market in the Accra
Metropolis, Ghana. Sixty (60) cabbage samples were collected and investigated bacteriologically using
standard Food and Agriculture Organization (FAO) of the United Nations (UN) total aerobic plate count
methods.Cabbage samples from the vegetable garden were found to be more contaminated than the
market with a total mean colony count of 2.43x10° CFU/g and 1.53x10° CFU/g respectively.
Staphylococcus aureus was the most predominant bacteria isolated with a high percentage occurrence
of 51% followed by Escherichia coli (28%), Bacillus sp. (12%), Streptococcus sp. (5%), and
Pseudomonas aeruginosa (4%). From the results of the study, bacterial contamination of cabbage
grown at the Korle-Bu vegetable garden and the Agbogbloshie market were all above the recommended
standard levels especially E. coli which should be less than 10 bacteria per gram. Therefore it is
recommended that these vegetables be thoroughly washed with safe water or saline solutions before
processing and consumption especially where they are not going to be heated or cooked before
consumption.
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INTRODUCTION

Bacteria and other microbial contamination of fresh vege- Ghana. Cabbage known scientifically as Brassica
tables from the farm or garden where they are grown to oleracea var. capitata was first identified by Linn. The
the market where they are displayed, sold, and finally to plant is one of the major vegetables grown in most parts
the consumer still remain a major problem throughout the of Ghana and beyond. There are three main varieties
world especially in the developing countries including namely, white headed cabbage, red headed cabbage,
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and savoy headed cabbage around the world. Leaves
can be eaten fresh in salads, as green cooked vegeta-
bles or fermented. In Ghana and other parts of the world,
the leaves of the white headed cabbage is one of the
components that are used for preparing ready-to-eat
(RTE) foods like salad and also for the preparation of
vegetable stew in the various houses. The vegetable has
a high nutritive value capable of supplying the human
body with essential vitamins, proteins, carbohydrates,
vitamins, and also can signal genes to increase the
production of enzymes involved in detoxification (Leja et
al., 2006; Mariga et al., 2012).

The city of Accra is the national capital of the Republic
of Ghana and is predominantly an industrial community.
Sanitation in Accra is a major problem due to overpopu-
lation and also several industrial waste produced by most
of the industries. As a result, most of the river bodies as
well as the lagoons have been turned into dumping sites.
Therefore it is difficult for the vegetable farmers in the
Accra Metropolis to get a suitable water to water their
farm produce and end up using the dirty or contaminated
water from gutters for watering the vegetables. It is
possible that several microorganisms that are harmful to
the human health in the dirty water may find their way
into the vegetables and infect humans after eating such
vegetables. Agbogbloshie market is located at the central
part of Accra and is not far from the Korle lagoon which
has been turned into a dumping site.

The mode of harvesting, transportation, and storage
methods used for the vegetables can also contribute a lot
in the introduction of those microorganisms into the vege-
tables. For instance, there are reports that cross-contami-
nation can occur by the use of dirty harvesting equip-
ments, unhygienic handling during sorting, packaging,
transport, improper storage, and display (Beuchat, 2006).
The presence of cut surfaces provides an increased sur-
face area for contamination growth and allows microbial
infiltration of the tissue. Exposing vegetables to various
types of cutting has been shown to result in a six to
seven-fold increase in microbial numbers (O’Brien et al.,
2001).

The health hazards associated with the eating of fresh
vegetables like cabbage is underestimated due to the
several nutritional benefits obtained from that vegetable.
Gastrointestinal infections, for example, are the most
common diseases caused by enteric bacteria. Although a
lot of studies have been done on bacteriological analysis
of fresh vegetables in several countries, bacterial conta-
mination of food remains a risk factor for gastrointestinal
infections in Ghana and with the recent outbreak of
cholera in Ghana (Anonymous, 2012) there is the need to
conduct this study to find out the level of bacterial
contamination of cabbage which is a major component of
food in Ghana. Therefore this study was designed to find
out the various possible bacterial species responsible for
the contamination of cabbage in the Korle-Bu vegetable
garden and the Agbogbloshie market of the Accra Metro-

polis, Ghana.

MATERIALS AND METHODS
Sample collection

Cabbage samples for the study were collected from the Korle-Bu
vegetable garden and the Agbogbloshie market, all in the Accra
Metropolis of Ghana. Only cabbage samples grown at the Korle-Bu
vegetable garden and cabbage samples from retailers at the
Agbogbloshie market who buy their cabbage from the Korle-Bu
vegetable garden were analysed. A total of 60 cabbage samples
were collected in sterile plastic bags from the Korle-Bu vegetable
garden (30 samples) and the Agbogbloshie market (30 samples). In
the Agbogbloshie market, the samples were collected from four
different retailers in the market who confirmed that they buy their
cabbages from the Korle-Bu vegetable garden. The samples were
collected in a period of two weeks. Each cabbage sample was
given a specific code number which corresponds to number for
each media plate used for the analysis. Each day’s collected sam-
ples were sealed in sterile plastic bags and transported to the
laboratory immediately for the bacteriological analysis.

Bacteriological analysis
Total aerobic plate count

The total aerobic plate counts of bacteria from the cabbage sam-
ples were evaluated using a modification of the Food and Agricul-
ture Organization (FAO) of the United Nations (UN) standard food
and nutrition methods by Andrews (1992). First, the leaves of the
cabbage samples were selected with the aid of a sterile forceps and
washed with sterile distilled water. Then, 10 g of the leaves of each
sample were weighed and rinsed for 8 min in a 250 ml beaker
containing 90 ml of sterile distilled water to obtain 10". Ten-fold
serial doubling dilutions of the samples through to 10 were made
as follows: four additional sterile test tubes were appropriately label-
led and serially arranged on the test tube rack for each sample.
Sterile distilled water (9 ml) was introduced into each test tube with
the aid of micropipette with sterile tips. Using separate sterile
pipette tips, 1 ml of the rinsed test sample was introduced into the
first test tube (10) and mixed thoroughly. After mixing, 1 ml of the
contents of 102 test tube was pipetted and introduced into the
second test tube (10®) and mixed thoroughly. The same procedure
was repeated for the rest of the tubes. Then, 0.1 ml of each dilution
were pipetted using a micropipette with sterile tips and dropped on
the surface of a pre-labelled plate count agar (PCA: Oxoid Limited,
Basingstoke, UK) and Difco MacConkey agar (DMA: Becton,
Dickinson and Company, Sparks, MD 21152, USA) plates in accor-
dance with the labelling on the cabbage samples. A sterile glass
spreader was used to spread the sample dilutions uniformly over
the surface of the agar plates. The plates were then incubated at
37°C for 24 - 48 h.

After overnight and subsequent incubations, the plates were exa-
mined for evidence of bacterial growth and the number of colonies
counted. The isolated bacterial index on each agar plate was
expressed as CFU/g by multiplying the number of colonies with the
dilution factor. Counting was done with the aid of a hand lens.

Identification of isolates

The identification and characterization of the isolated bacterial
species in the present study were done using colonial morphology,
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Table 1. Mean bacteria colony count values (x10° CFU/g) of isolated bacteria in cabbage from the vegetable garden

and the market.

Bacterial species Garden Market Total mean colony count
Staphylococcus aureus 1.19 0.81 2.0
Escherichia coli 0.67 0.42 1.09
Bacillus sp. 0.31 0.17 0.48
Streptococcus sp. 0.13 0.09 0.22
Pseudomonas aeruginosa 0.13 0.04 0.17
Total 2.43 1.53 3.96

Gram staining reactions, catalase, indole, oxidase, moatility, citrate
utilization, methyl red (MR), VogesProskauer (VP), triple iron sugar
(TSI), and coagulase tests according to the FAO of the UN
standard food and nutrition methods by Andrews (1992) and cross
referenced with Bergey’s manual of determinative bacteriology (Holt
et al., 1994).

Statistical analysis

Results obtained from the experiments were entered into a data-
base and analysed statistically using Statistical Package for Social
Sciences (SPSS) version 20 statistical software for windows and a
summary was presented using the descriptive statistics such as
means and percentages. Factor analysis was performed on sam-
ples from the vegetable garden and those from the market to esta-
blish their level of correlation or variability in terms of mean colony
counts. Also the student’s t-test was used to find out significant
difference between the parameters studied. P-values >0.05 were
taken as statistically insignificant difference.

RESULTS

Mean bacterial counts of cabbage samples from the
vegetable garden and the market

Vegetables more especially cabbage are essential part of
people’s diet all round the world. Sometimes these cab-
bage are consumed raw and often without heat treatment
or thorough washing and as such have been known to
serve as vehicle for the transmission of pathogenic micro-
organisms associated with human diseases. In the
present investigations, the highest mean bacterial colony
count were observed for the samples from the Korle-Bu
vegetable garden (2.43 x 10° CFU/g) representing 61.4%
of all the isolated bacteria in the study.

The mean colony count values of isolated bacteria
ranged between 0.13 to 1.19x10° CFU/g for the samples
from the vegetable garden and 0.04 to 0.81x10° CFU/g
for the samples from the market (Table 1). Staphylococcus
aureus was the predominant bacteria with mean colony
count values of 1.19x10° and 0.81x10° CFU/g from the
vegetable garden and the market, res-pectively (Table 1).
Other bacteria including Escherichia coli, Bacillus sp.,
Streptococcus sp., and Pseudomonas aeruginosa were
also isolated. For example, with E. coli, a mean colony
count values of 0.67 x10° and 0.42 x10° CFU/g were iso-
lated from the cabbage samples from the vegetable

garden and the market whiles for Bacillus sp. a mean
colony counts values of 0.31 x10° and 0.17 x10° CFU/g
were also isolated from the two study sites, respectively.
However, for Streeptococcus sp., @ mean colony count
values of 0.13x10° and 0.09 x10° CFU/g from the vege-
table garden and the market, respectively were isolated
in the study. A mean colony count values of 0.13 x10°
and 0.04 x 10° CFU/g were also isolated for P. aeruginosa
as presented in Table 1.

Bacterial index in cabbage samples

Five groups of bacteria including S. aureus, E. coli,
Bacillus sp., Streptococcus sp., and P. aeruginosa were
isolated and identified from the cabbage samples from
the Korle-Bu vegetable garden and the Agbogbloshie
market of the Accra Metropolis. Factor analysis per-
formed to verify the significance of the differences in
counts of bacteria was statistically significant (p<0.005).
S. aureus was the most predominant bacteria isolated
with a total mean colony count value of 2.00x10° CFU/g
of all the bacterial contaminants isolated from all the
cabbage samples representing 51% of all the bacteria
isolated and identified in this investigation (Table 1 and
Figure 1). The second most predominant bacteria isola-
ted in this study was E. coli with a total mean colony
count value of 1.09x10° CFU/g representing 28% of all
the bacterial isolates identified. Bacillus sp. had a total
mean colony count value of 0.48x10° CFU/g representing
12% of all the bacterial contaminants isolated and identi-
fied. Streptococcus sp. and P. aeruginosa were the least
isolated bacterial contaminants with a total mean colony
count values of 0.22x10° and 0.17x10° CFU/g represen-
ting 5 and 4%, respectively of all the bacterial contami-
nants isolated (Table 1 and Figure 1).

DISCUSSION

Bacterial contamination of cabbage in the Accra Metro-
polis investigated showed total mean bacterial colony
count values of 2.43x10° and 1.53x10° CFU/g in the ve-
getable garden and the market, respectively. The results
of the present study is similar to a previous research
conducted by Frank-Peterside and Waribor (2006) which
reported that bacteria load on leafy vegetables increase
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Figure 1. Percentage distribution of bacterial contaminants isolated from the cabbage samples.

with time during storage. However, the decrease in the
bacterial contamination in the samples from the market
may be attributed to the storage conditions of the vege-
table. Some of the market women when orally interviewed
confirmed that, they occasionally sprinkle salt water on
the cabbage to prevent them from quick spoilage and
also to help kill microorganisms that may be present in
the cabbage during harvesting as previously proposed by
Abdullahi and Abdulkareem (2010). This act by the mar-
ket women may have resulted in the low bacterial colony
count values in the cabbage samples from the market.

Among the isolated bacterial pathogens, S. aureus, E.
coli, Bacillus sp., Streptococcus sp. and P. aeruginosa
were the predominant bacterial species found to be
associated with the cabbage in the vegetable garden and
also during the storage and selling processes in the
Agbogbloshie market in the Accra Metropolis. This finding
indicates gross contamination from the vegetable garden
and the market until it finally reaches the consumer. The
high prevalence of S. aureus on the cabbage samples
may be due to pre and post-harvest handling; for it is
known that, S. aureus is an opportunistic pathogen found
living in the nasopharynx and skin of up to 50% of normal
people (Enright, 2003; Guignard et al., 2005). Therefore
the high frequency of the bacteria found in this study may
be attributed to the bacteria being present as a normal
flora of humans and can contaminate the vegetables as a
result of poor hygiene of farmers and sellers.

E. coli was found in 28% of all the samples from the
vegetable garden and the market analysed (Figure 1).
The presence of E. coli on the cabbage samples from all

the sampling sites with a high amounts on those from the
vegetable garden may be as a result of faecal contamina-
tion because the bacteria is present in sewage, faeces,
soil, water, and commonly come in contact with vegeta-
bles as result of the water used during the growing pro-
cesses of the vegetables. During the investigation, the
water used by the farmers for watering the cabbage was
examined macroscopically on each sampling day and
they were found out to be just wastewater from drainages
around the vegetable gardens as previously reported by
other research workers (Drechsel et al., 2006; Ackerson
and Awuah, 2010). Also work by Solomon et al. (2003)
reported that repeated spraying of crops with contami-
nated irrigation water increases the chances of crop con-
tamination and this may also account for the high bacte-
rial contamination of the cabbage samples investigated.

Although Bacillus sp. was isolated from the cabbage
samples from the vegetable garden and the market,
respectively in this study (13 and 11%, p-value > 0.05)
other research workers did not isolate the bacteria in their
investigations (Ibrahim and Jude-Ojei, 2009; Taura and
Habibu, 2009). However, Abdullahi and Abdulkareem
(2010) working on RTE vegetables in Sabon-Gari, Zaria,
Nigeria also observed the presence of Bacillus sp. The
isolation of Bacillus sp. may be due to environmental
factors and the ability of the bacteria to form spores
(Gupta et al., 2013; Merghni et al., 2014).

Percentage occurrence of Streptococcus sp. from the
cabbage samples from the vegetable garden and the
market in this study was recorded (5 and 6%, p-value >
0.05) as presented in Figure 1 and Table 2. However, the
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Table 2. Percentage occurrence (%) of isolated bacteria in cabbage from each site sampled.

Bacterial isolates Garden Market P-value
Staphylococcus aureus 49 53 0.756*
Escherichia coli 28 27 0.930*
Bacillus sp. 13 11 0.811*
Streptococcus sp. 5 6 0.861*
Pseudomonas aeruginosa 5 3 0.692*
Total (%) 100 100

*p-values were considered insignificant (> 0.05)

isolation of P. aeruginosa (5 and 3%) from the cabbage
samples from the vegetable garden and the market, res-
pectively (p-value > 0.05) may come from the environ-
ment. In a similar related work done by Itohan et al.
(2011) who also isolated the bacteria in cabbage and the
vegetables they analysed. P. aeruginosa is widely distri-
buted in nature and is commonly present in moist envi-
ronments. It can also colonize normal humans, in whom it
is a saprophyte. It only causes disease in humans with
low immune defences system (Stover et al., 2000).
Therefore cross-contamination of the cabbage samples
by P. aeruginosa can occur during storage, preparation,
dirty harvesting equipment, unhygienic handling, and im-
proper storage (Codex Alimentarius Commission, 2007).

Conclusion

This study have shown that all the cabbage samples
investigated have high bacterial contamination and their
persistence and proliferation is a reflection of the use of
unsafe or contaminated water in watering these vegeta-
bles. It is therefore recommended that these vegetables
be thoroughly washed with safe water or saline solutions
before processing and consumption especially where
they are not going to be heated or cooked before con-
sumption.

Conflict of Interests

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENTS

We thank Mr. Samuel Asare and the entire staff of the
Microbiology Unit, School of Allied Health Sciences,
College of Health Sciences, University of Ghana, Accra,
for their assistance during the collection and analysis of
cabbage samples.

REFERENCES

Abdullahi 10, Abdulkareem S (2010). Bacteriological quality of some
ready to eat vegetables as retailed and consumed in Sabon-Gari,
Zaria, Nigeria. BAJOPAS 3(1):173-175.

Ackerson NOB, Awuah E (2010). Urban agricultural practices and
health problems among farmers operating on a university campus in
Kumasi, Ghana. Field Actions Sci. Reports [Online], Special Issue 1.
Available at http://factsreports.revues.org/451. [Assessed on 27"
March, 2014].

Andrews W (1992). Manuals of food quality control 4. Microbiological
analysis. FAO of the United Nations Publication, Rome, Italy. FAO
Food and Nutrition paper 14/4 Rev. 1: 1-344.

Anonymous (2012). Ghana cholera toll rises to 21. Health News of
Thursday, 19" April 2012. Available at
http://www.ghanaweb.com/GhanaHomePage/health/artikel.php?ID=2
36366 [Assessed on 5" October, 2013].

Beuchat LR (2006). Vectors and conditions of pre-harvest
contamination of fruits and vegetables with pathogens capable of
causing enteric diseases. Br. Food J. 108(1), 38-53.

Codex Alimentarius Commission (2007). Code of hygiene practice for
fresh fruits and vegetables. Joint FAO/WHO food standards
programme, vialedelle Terme di Caracalla, Rome, Italy, pp. 1-195.

Drechsel P, Graefe S, Sonou M, Cofie OO (2006). Informal irrigation in
urban West Africa: An overview. Colombo, Sri Lanka: International
Water Management Institute (IWMI) Report 102, pp. 1-43.

Enright MC (2003). The evolution of a resistant pathogen-the case of
MRSA. Curr. Opin. Pharmacol. 3(5): 474-479.

Frank-Peterside N, Waribor O (2006). Bacteria associated with spoilage
of fluted pumpkins leaves and their effect on the chlorophyll content.
Nig. J. Microbiol. 20(1): 751-756.

Guignard B, Entenza JM, Moreillon P (2005). B-lactams against
methicillin-resistant Staphylococcus aureus. Curr. Opin. Pharmacol.
5: 479-489.

Gupta MK, Gauri S, Shrivastava A (2013). Assessment of antimicrobial
potential of Bacillus cereus isolated from extreme environmental
condition. J. Microbiol. Biotech. Res. 3(2): 58-63.

Holt JG, Krieg NR, Sneath PH, Stanley JT, Wiliams ST (1994).
Bergey’s Manual of Determinative Bacteriology. Williams and Wilkins,
Baltimore.

Ibrahim TA, Jude-Ojei B (2009). Microbiological analysis and effects of
selected antibacterial agents on microbial load of fluted pumpkin,
cabbage, and bitter leaves. |[UM 7(2):1-5.

ltohan AM, Peters O, Kolo | (2011). Bacterial contaminants of salad
vegetables in Abuja Municipal Area Council, Nigeria. Mal. J.
Microbiol. 7(2): 111-114.

Leja M, Mareczek A, Adamus A, Strzetelski P, Combik M (2006). Some
antioxidant properties of selected white cabbage DH lines. Folia Hort.
18(1):31-40.

Mariga IK, Mativha L, Mapose D (2012). Nutritional assessment of a
traditional local vegetable (Brassica oleraceae var. acephala). J.
Med. Plant Res. 6(5): 784-789.

Merghni A, Leban N, Behi A, Bakhrouf A (2014). Evaluation of the
probiotic properties of Bacillus spp. strains isolated from Tunisian
hypersaline environments. Afr. J. Microbiol. Res. 8(4): 398-405.

O'Brien SJ, Adak GK, Gilham C (2001). Contact with farming
environment as a major risk factor for shiga toxin (Verocytotoxin)-
producing Escherichia coli 0157 infection in humans. Emerg. Infect.
Dis. 7(6):1049-1051.

Solomon EB, Pang HJ, Mathews, KR (2003). Persistence of
Escherichia coli O157: H7 on lettuce plants following spray irrigation



2228 Afr. J. Microbiol. Res.

with contaminated water. J. Food Prot. 66(12): 2198-2202. Taura DW, Habibu AU (2009). Bacterial contamination of Lactuca
Stover CK, Pham XQ, Erwin AL, Mizoquchi SD, Warrener P, et al. sativa, Spinacia olerencea, and Brassica olerencea in Kano
(2000). Complete genome sequence of Pseudomonas aeruginosa Metropolis. Int. J. Biomed. Hith. Sci. 5(1):55-57.

PAO1, an opportunistic pathogen. Nature 406: 959-964.



