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Abstract:

Despite the enormous health benefits attributable to the consumption of vegetables, contamination by pathogenic

microorganisms inevitably leads to public health problems. This study was conducted to assess the bacteriological
quality of freshly-cut and ready to eat lettuce and cabbage sold to the public by Dutse old and ultramodern
markets’ food vendors. Escherichia coli, Salmonella species and Shigella species were isolated from ten sampled
vegetables using plate count method. The three organisms were detected in all the ten samples analysed except two
cabbage samples that presented <1 cfu/ml of Salmonella sp. The mean microbial contamination of Lettuce detected
from the three organisms ranged from 2.7x108 to 1.04x10° cfu/ml in the old market and 7.0x107 to 1.01x10° cfu/ml
in the new market. Meanwhile, Cabbage contamination ranged from 1.8x108 to 1.8x10° cfu/ml in the old market
and 8.0x107 to 1.4x10° cfu/ml in the new market. A statistically significant difference in Salmonella contamination
(2.0x108 cfu/ml) and Shigella contamination (3.3x108 cfu/ml) of Lettuce between the old and new markets was
revealed while the mean difference in E. coli contamination (3.0x107 cfu/ml) was found not to be significant
(p>0.05). It is therefore recommended that food vendors should ensure top notch hygiene practices to attain public

health safety in the consumption of vegetables.
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Introduction

Food is indispensable to the maintenance of life, but can also
be responsible for ill health. The foods we eat are hardly
sterile as they contain a lot of microorganisms if poorly
prepared or handled. Some microorganisms in food are natural
microflora while others are introduced into food materials
through the process of harvesting, transportation, storage,
processing, preparation, distribution and selling (Adams and
Moss, 2008). Despite the increased knowledge and
industrialization obtainable these days, food borne diseases
are perhaps the most widespread health problems and
important causes of reduced economic productivity (WHO,
1992) with an incidence in every person at least once a year
(Whiteney et al., 1990). The available evidence indicates that
biological contaminants are the major cause of food borne
diseases (Adams and Moss, 2008). It is however concluded
that food quality and safety are central issues in today’s food
economy (Grunert, 2005). World Health Organisation
recognises food as one of the environmental factors that
affects human health and responsible for diarrheal diseases,
poisonings, cancer and other infections (Santra, 2014). A
number of assessments on the relative significance of hazards
associated with food have concluded that microorganisms are
of paramount importance. A study conducted in the United
State found out that although the attention given to different
food hazards by the media, pressure groups and authorities
might differ, as far as food industry was concerned, microbial
hazards were the highest priority and similarly, it has been
estimated that the risk of becoming ill as a result of microbial
contamination of food was hundred thousand times greater
than the risk from pesticide contaminations (Adams and
Moss, 2008).

However, fruits and vegetables are amongst the highly
nutritious foods providing vitamins and minerals and are
highly recommended foods that are commonly consumed
(Gupta and Rana, 2003; Isa et al., 2014). Increasing health

awareness has led to consumption of raw foods in recent
years, these foods get polluted through the production
activities and vegetables get contaminated at each step from
cultivation to consumers (Shobha, 2014). The presence of
numerous genera of spoilage bacteria, yeast and moulds and
occasional pathogens on fresh produce has been recognised
for many years (Benchat, 1996). A wide variety of fresh fruits

and vegetables have been associated with diseases caused by
microbial pathogens they harbour (Linda, 1997; Eni et al.,
2010).

The safety of food and fresh produce is a global issue
covering both the countries that import and supply them
(Muhammad et al., 2016). Among the vegetable group of
highest concern from microbiological safety identified by
Mritunjay and Kumar (2015) are salad, cabbage and spinach.
A study conducted by Heaton and Jones (2008) on microbial
contamination identified fruits and vegetables consumption as
a risk factor for infection with enteric pathogens. It is against
this backdrop that this study was conducted with a view to
assessing the bacteriological quality of freshly cut and ready
to eat vegetables sold by food vendors and consumed by the
public in Dutse markets.

Materials and Methods

Study area

Dutse is the capital city of Jigawa State and also the
headquarters of the 28 local government areas that make up
the state. Dutse is located at 11.76° North latitude, 9.34° East
longitude and 460 meters elevation above the sea level. It is a
small city that has about 17,129 inhabitants (Map, 2011).
Dutse ultra-modern (new) and old market (famously known as
Yantifa) were used for this study. The Yantifa market which
was a farmland covered with grasses was established after the
birth of Jigawa state in 1991, and effort to upgrade and
relocate the Yantifa market resulted to the establishment of
the Dutse ultra-modern market in 2011. Arrays of food
products are sold in these markets. However, the ultra-modern
market is located just by the side of the main waste disposal
site in Dutse.

Sampling and sampling technique

A simple random sampling technique described by Abadias et
al. (2007); Meldrum et al. (2009); Kothari and Garg (2014)
was adopted to collect (purchase) samples of freshly-cut and
ready to eat cabbage and lettuce from food vendors in each
market. Each vegetable sample was collected in duplicate
giving a total of ten (10) vegetable samples collected from the
two markets. As established by United State Food and Drug
Administration (2018), sterile containers were used for
collecting each sample so as to ensure the aseptic technique
reported by FSSAI (2012); Viswanathan and Kaur (2001).
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The sampled vegetables were handled with sterile disposable
gloves through the employment of a fresh glove for each
sample. Samples were collected at the beginning of the week
as done by CFIA (2014) and were appropriately labeled with
masking tape and permanent marker.

Preparation of samples

Twenty five (25) grammes of each vegetable sample were
weighed using a sensitive weighing balance machine and
subsequently rinsed thoroughly with distilled water to prepare
the sample homogenate as done by Shobha (2014) and Eni et
al. (2010). From the sample homogenate, the original sample
was serially diluted further into seven (7) fold sterile tubes to
decrease the population of the organism sufficiently as done
by Waithaka et al. (2014) and Begum et al. (1986). Using the
six fold dilution, the first tube for each organism was labeled
in respect of bacteria meant for assessment and original
bacterial culture (OBC). The labeled tubes were then placed in
a test tube rack as done by Cappuccino and Sherman (2002).
Using a sterile pipette, one (1) ml of the sample was
subsequently inoculated into the dilution tube by employing
aseptic techniques, and mixed thoroughly to obtain 10* to 107
serial decimal dilution range of the test sample as reported by
Prescott (2002); Gopal and Agrawal (2010). The highest
decimal dilution (107) was then employed for the pour plate
process.

Dissolution and sterilization of culture media

A sensitive weighing balance machine was employed to
measure MacConkey’s and SS agar which were subsequently
dissolved and prepared according to manufacturer’s
instructions. Both media were successively sterilized
immediately after preparation to ensure rapid multiplication of
the contaminating organisms and prevent the composition
from being altered as done by Yadav (2012). MacConkey’s
agar was sterilized in an autoclave at 121°C for 15 min and SS
agar that did not require autoclaving was sterilized in a water
bath at 100°C for 15 min as done by Eni et al. (2010) and
Yadav (2012).

Isolation and identification of bacteria in the vegetable
samples

The culture media that were used in this study depended on
the targeted and enumerated bacteria (Escherichia Coli,
Salmonella sp and Shigella sp). However, plate count method
(pour plate method) was adopted in this study. MacConkey’s
agar was employed to isolate and identify Escherichia Coli
following the method prescribed by Cappuccino and Sherman
(2002); Baveja (2013); Nishith and Chakraborty (2014).
Salmonella and Shigella agar (SS Agar) was used for the
isolation and identification of Salmonella sp and Shigella sp
present in the samples of the vegetables as done by Eni et al.
(2010). Colonies of Shigella sp on the medium were
differentiated by their colourless appearance with no
blackening while those of Salmonella sp were identified by
their colourless appearance with black centers as done by
Baveja (2013).

Enumeration of bacterial colonies

Having incubated the culture plates at appropriate and
acceptable temperature ranges, they were brought out with a
view to counting the colonies in each petri dish. Counting was
done with the help of a colony counting machine as prescribed
by Gopal and Agrawal (2010); Eni et al. (2010). Since solid
media were used for the bacterial culture, colony forming unit
(CFU) was adopted in reporting the results as prescribed by
Tortora et al. (2014). Bacterial counts between 30 and 300
colonies per plate were reported as cfu/ml. Plates with no
colonies were reported as <lcfu/ml and those with colonies
>300 were reported as too numerous to count (TNC) as done
by Santra (2014).

Data collection and analysis

Data were generated from the results of the colony
enumerations carried out after the bacteria had been cultured
and incubated. Data collected from this study were analyzed
using general descriptive statistics. IBM SPSS Statistics 19
software was employed for the statistical analysis where T-
test statistical tool at 95% probability level of significance was
used to determine the level of significance.

Results and Discussion

The vegetables targeted in this study comprised of six (6)
lettuce samples and four (4) cabbage samples. Each sample
was analysed for the presence and concentration of
Escherichia coli (faecal coliform), Salmonella species and
Shigella species. Table 1(a) and (b) depict the microbial
counts obtained in each sample across the two markets having
subjected it to microbial analysis. The results showed that
freshly-cut and ready to eat lettuce and cabbage harboured
microbial pathogens as reported by Eni et al. (2010). The fact
that the bacteria detected were isolated from freshly cut and
ready to eat vegetables confirms the description of Adams and
Moss (2008); Abadias et al. (2007) that microbial
contaminants are introduced into food materials at each stage
including preparation and selling.

Bacterial contaminations estimated in this study could be from
contaminated equipment or the workers handling the
vegetables as reported by Nguz et al. (2005) and might
originate from the influence of insect vectors (flies). From the
results, two lettuce samples, one from old market and the
other from new market recorded the highest Escherichia coli
count (1.5x10° cfu/ml) while a Lettuce sample from the new
market recorded the lowest E. coli count (6.8x108 cfu/ml).
Shigella species were also isolated from all the samples
analysed. A Cabbage sample from the new market had the
highest Shigella count (2.6x10° cfu/ml) while the lowest
Shigella count (2.8x108 cfu/ml) was detected in a Lettuce
sample from the new market. However, it can be seen from
the results that not all the vegetable samples were
contaminated with Salmonella species as two (2) Cabbage
samples recorded <1 cfu/ml Salmonella colony in the new
market and the old market, respectively. This result reiterates
that vegetable samples recorded to have got zero Salmonella
count in 25 grams as reported by Meldrum et al. (2009)
constitutes microbial safety.

Table 1 (a): Bacterial counts in ready to eat sampled
lettuce sold at Dutse old and new markets
Vegetable Samples

Organisms OM (cfu/ml) NM (cfu/ml)
LT1 LT2 LT3 LT1 LT2 LT3
E. coli 1.5x10° 9.1x10% 7.1x10® 8.4x10° 6.8x10® 1.5x10°

Salmonellasp. 2.3x10% 3.5x10° 2.2x10° 4.0x107 5.0x107 1.2x10°
Shigellasp. 5.4x10° 7.9x10% 6.3x10° 3.7x10° 2.8x10% 3.0x10°

(reciprocal of dilution = 107)

OM= Old market NM= New market LT= Lettuce sample
Table 1 (b): Bacterial count in ready to eat sampled
cabbage sold at Dutse old and new markets

Vegetable Samples

Organisms OM (cfu/ml) NM (cfu/ml)
CB1 CB2 CB1 CB2
E. coli 1.3x10° 1.5x10° 1.1x10° 1.5x10°
Salmonella sp.  3.6x108 <1 <1 1.6x108
Shigellasp.  2.6x10° 1.0x10° 3.5x10%® 2.4x10°

(reciprocal of dilution = 107)

OM: Old market ~ NM: New market  CB: Cabbage sample
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A cabbage sample from the old market recorded the highest
Salmonella colony count (3.6x108 cfu/ml) while a lettuce
sample from the new market had the lowest Salmonella count
(4x107 cfu/ml). As presented in Table 2, the results of the
statistical analysis for Lettuce across the two markets depicted
that E. coli contamination dominated the samples from the old
market (1.04x10° cfu/ml) followed by Shigella contamination
(6.5x108 cfu/ml) then Salmonella contamination (2.7x108
cfu/ml). Similarly, this trend is synonymous with the Lettuce
samples from the new market as they were more contaminated

with faecal coliform (1.01x10° cfu/ml) and Shigella species
(3.2x108 cfu/ml) than Salmonella sp. (7.0x107 cfu/ml). E. coli
contamination also dominated the samples from the new
market. Also, Table 3 shows the results of the microbial load
in cabbage across the two markets. The pattern transposes
compared to that of Lettuce. The results indicate that Cabbage
samples from the old market were highly contaminated with
Shigella species (1.8x10° cfu/ml).

Table 2: Microbial load of enteric microorganisms enumerated in sampled lettuce across the two markets

Variables OM Mean (cfu/ml) NM Mean (cfu/ml)  Mean diff. (cfu/ml) t-value Sig. Remark
Escherichia coli 1.04x10° 1.01x10° 3.0x107 188  0.134 NS
Salmonella Species 2.7x108 7.0x107 2.0x108 291  0.044 S
Shigella Species 6.5x108 3.2x108 3.3x108 4.32 0.013 S
OM= 0ld Market NM= New Market NS= Not significant S= Significant
Table 3: Microbial load of enteric microorganisms enumerated in cabbage across the two markets

Variables OM Mean (cfu/ml) NM Mean (cfu/ml) Mean diff. (cfu/ml) t-value Sig. Remark
Escherichia coli 1.4x10° 1.3x10° 1.0x108 0.558 0.633 NS
Salmonella Species 1.8x108 8.0x107 1.0x108 0.558 0.633 NS
Shigella Species 1.8x10° 14x10° 4.0x108 0.345 0.763 NS
OM= Old Market NM= New Market NS= Not significant
This is similar to the Cabbage samples from the new market ~ Conclusion

which were also highly contaminated with Shigella sp.
(1.4x10° cfu/ml). The faecal contamination of Cabbage in
both markets (1.4x10° and 1.3x10° cfu/ml) as revealed by the
results was higher than Salmonella sp contamination (1.8x108
and 8.0x107 cfu/ml). In the Cabbage samples obtained from
both markets, Shigella contamination preponderated. As
reported by Meldrum et al. (2009), all the vegetables analysed
for E. coli contamination in this study were not satisfactory
according to microbial criteria for ready to eat vegetables as
they presented way above the recommended count
(>10%cfu/ml). As reported by Adams and Moss (2008); Linda
(1997), infection may result from ingestion of such
contamination if the infectious dose falls between 2-1000
cells. Also, in this study, all the Shigella counts recorded did
exceed the infectious dose and as such sampled vegetables
harbouring the microorganism are not safe for human
consumption. Generally, the results generated in this study are
in conformity with the research studies of Abadias et al.
(2007); Eni et al. (2010) which detected higher microbial
contamination range in vegetables (10° to 108 cfu/ml), Lettuce
(1.7x107 cfu/ml) and Cabbage (1.8x10” cfu/ml) respectively.
Uzeh et al. (2009) also discovered a higher bacteriological
load of 108 — 10° cfu/ml in commonly eaten freshly fruits and
vegetables which is in conformity with the result obtained in
this study.

The bacterial contamination of Lettuce detected from the three
bacteria ranged from 2.7x108 to 1.04x10° cfu/ml in the old
market and 7.0x107 to 1.01x10° cfu/ml in the new market.
Meanwhile, Cabbage contamination ranged from 1.8x108 to
1.8x10° cfu/ml in the old market and 8.0x107 to 1.4x10° cfu/ml
in the new market. However, it is worthy to point out that in
Tables 2 and 3, T-test failed to reveal a statistically significant
difference between the mean numbers of Escherichia coli
contamination in the sampled Lettuce and Cabbage coupled
with Salmonella and Shigella contaminations in the Cabbage
sampled across the two markets. However, as depicted in the
Tables (2 and 3), the difference between Salmonella and
Shigella contaminations of lettuce in the two markets were
significant.

The results obtained from the bacteriological analysis carried
out in this study indicated that all the vegetable samples
examined were highly contaminated with Escherichia coli,
Salmonella species and Shigella species. No sample from
either market was devoid of the three bacteria isolated and
identified in this study. The bacterial loads detected in the
vegetables assessed in this study had the possibility of causing
infections attributable to all the bacteria isolated. The fact that
E. coli contamination was detected in the vegetables directly
suggests that faecal contamination could be present and,
consumers may be at risk of contacting faeco-oral diseases
such as Typhoid fever, Gastroenteritis and Bacillary dysentery
that in turn pose a public health threats. Also, among the
different vegetable samples analysed, Shigella sp had the
highest concentration while Salmonella sp had the lowest
concentration. In addition, the presence of these bacteria in
such concentrations indicates that these freshly-cut and ready
to eat vegetables might have been contaminated from
unhygienic containers or contaminated water used for their
preparation, the handlers or flies that carry disease agents
from faecal matter and other contamination sources onto
uncovered ready to eat foods.

Recommendation

It is recommended that food handlers and vendors must be
educated on the health effects associated with food
contamination, personal hygiene and good food handling
practices. Equipment to be used for food preparation should
be thoroughly washed and the water used for washing
vegetables should be potable. Also, freshly-cut and ready to
eat vegetables should be covered always unless during serving
to avert contamination by flies and airborne pathogens. Food
handlers must wash their hands frequently most especially
after handling money or visiting conveniences. However, it is
important to indicate that this study was limited to the
isolation and identification of the enteric organisms present in
the vegetables investigated. It is therefore recommended that
there is a need for further identification of other pathogenic
organisms that could be present and the specific species and
strains of the enteric organisms isolated in this study through

——— — — -
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the employment of biochemical tests and most importantly
molecular identification.
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