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ORIGINAL ARTICLE

THE BACTERIOLOGICAL SAFETY AND ANTIMICROBIAL
SUSCEPTIBILITY OF BACTERIA ISOLATED FROM STREET-
VENDED WHITE LUPIN (LUPINUS ALBUS) IN BAHIR DAR,
ETHIOPIA

Mulugeta Kibret", Million Tadesse'

ABSTRACT

BACKGROUND: Whereas street vended foods are readily available sources of meals for many people
across the world, the microbial safety of such food is always uncertain. In developing countries the major
sources of food-borne illnesses are street vended foods. The aim of this study was thus to assess the
prevalence and antibiogram of bacteria from white lupin in Bahir Dar Town.

METHODS: A total of 40 samples were processed for detection of indicator bacteria and pathogens
from December, 2011 to February, 2012 using standard bacteriological techniques. Antimicrobial
susceptibility test was performed using the Kirby-Bauer disk diffusion method.

RESULTS: The total coliform counts were 954.2+385 and 756.2+447.3 at the surface and the core of
white lupin, respectively. On the other hand, the fecal coliform counts were 880.9+396.6 and 662.1+461.9
at surface and the core, respectively. There was a statistically significant difference in total colifoms and
fecal coliform counts between the surface and core of white lupin (p <0.05). Escherichia coli 29 (72.5%),
Salmonella spp. 23 (57.5%) and Shigella spp. 8 (20%) were the pathogens isolated. Most bacterial
isolates were resistant to tetracycline, cotriamoxazole and erythromycin whereas many of them were
sensitive to chloramphenicol, nalidixic acid, gentamicin and ciprofloxacin. The overall multiple
antimicrobial resistances rate was 75%.

CONCLUSION: This study revealed contamination of white lupin and a potential health to consumers,
and the bacteria isolated showed high rates of multiple drug resistance. Surveillance of antimicrobial
resistance should be done on food borne pathogens. In addition, further studies should be conducted on
the bacteriological quality of waters used for soaking white lupin.
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INTRODUCTION

Street foods are defined as ready to eat foods and
beverages prepared and/or sold by vendors
especially on streets and other public places for
immediate consumption (1). These foods are well
appreciated by consumers, mostly by urban
workers because of their taste, low cost, nutrient
value and ready availability for immediate
consumption.

Street foods displayed on open work area
can easily be contaminated by dust, exhaust

smoke, insects, and hands of the buyers (2). In
most cases, tap water is not available for washing
hands and utensils at vending sites; hand and
utensil washing are usually done in one or more
buckets, and sometimes without soap. Toilets,
waste disposal and refrigeration facilities are
rarely available. Wastewater and garbage are
therefore discarded nearby, providing nutrients for
insects and other household rodents, which may
carry food borne pathogens (3).
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Contamination from raw materials and equipment,
additional  processing  conditions,  improper
handling and unhygienic conditions contribute
substantially to the entry of bacterial pathogens
(4). Lack of awareness about food safety and
hygiene among vendors also results in food
contamination (5). The vendors can be carriers of
pathogens like E. coli, Salmonella, Shigella,
Campylobacter and S. aureus, who eventually
transfer these food-borne pathogens to consumers.

Street food vendors are often poor, less aware
of food safety and untrained on food preparation,
handling and storage. As a result, ready-to-eat
street foods are exposed to contamination by a
variety of microorganisms. Moreover, antibiotic
resistant bacteria have been isolated from different
street vended foods (6, 7, 8). Consequently, street
foods are perceived to be a major public health
risk (1).

In Ethiopia, health risks associated with street
foods are common. Salmonella, Shigella and other
food-borne pathogens were isolated from different
street foods (9, 10, and 11). Studies indicated that
foods provided to the consumers were
contaminated by pathogens and the sanitation
conditions of the vending area were poor (12, 13).
White lupin is considered as an economical and
nutritious food for a very rapidly increasing world
population. Lupin food products have a
hypocholesterolemic effect potentially leading to
reduced cardiovascular risk (14, 15). Lupinus
albus flour is added to nutritive value and also
provides functional properties in bakery and pastry
products, protein concentrates and other industrial
products, as well as the elaboration of lactose free
milk and yoghurt analogues (16). Lupinus albus
seeds are also sometimes used as a complete or
partial substitute for soybeans in the production of
milk, milk powder, and tofu (17). It is therefore
widely consumed by people at home and in the
groceries. However, there is no information on
microbiological quality and safety of white lupin
(Lupinus albus) which is the most common street
food in Bahir Dar Town. The aim of this study
was thus to assess the bacteriological safety of
white lupin and determine the antimicrobial
susceptibility of pathogens in Bahir Dar Town,
Ethiopia.

MATERIALS AND METHODS

Study design and location: A cross-sectional
study was conducted to assess the bacteriological
safety of ready- to-eat white lupin in Bahir Dar
Town from December 2011 to February 2012.
Bahir Dar Town is located at 11°38’N, 37° 10’E
on the southern side of Lake Tana. The town has a
total population of 256,999 (18). Street vended
foods such as sambusa, fried fish are common
around the main roads, bus station, groceries, taxi
ranks.

Sampling: A total of 40 ready-to-eat white lupin
samples were analyzed. Two hundred grams of
white lupin was collected using sterile glass
containers and immediately transported to the post
graduate microbiology laboratory of Bahir Dar
University. Samples were stored in refrigerator
until microbiological analysis was carried out.
Bacteriological analysis was done within a
maximum of four hours of collection. The sample
was divided into two. One set was used for
bacteriological analysis on the surface and the
other half was used for bacteriological analysis in
the core after removal of the seed coat because the
seed coat of white lupin is removed with the teeth
and the core part is consumed. Therefore,
microbiological analysis was done on the surface
and core components. For microbiological
analysis of the core part, the seed coat was
aseptically removed and the core of the seed was
crushed with sterile mortar and piston. Twenty-
five gms of the core was mixed with 225 ml of
sterilize peptone water in a flask. Another twenty-
five grams of white lupin was mixed with 225 ml
of sterilized peptone water in a flask for the
microbial analysis of the surface. The samples
prepared were used for enumeration of total and
fecal coliforms on the surface and the core. For
isolation of Salmonella and Shigella, the flasks
were incubated at 37°C for 24 hours in aerobic
atmosphere for primary enrichment.

Enumeration of total and fecal coliforms: The
total coliform counts on the surface and the core
were determined with the MPN method. Lauryl
tryptose broth (Oxoid, England) and brilliant
green lactose bile broth (Oxoid, England) were
used for the presumptive and confirmatory tests,
respectively. The tubes were incubated at 35°C for
a maximum of 48 hrs and observed for gas
production. The number of positive tubes and
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negative tubes on brilliant green lactose bile broth
tubes were used for calculation of the most
probable number (MPN/g) using the MPN tables
as provided in the standardized procedure (19).
For enumeration of fecal coliforms, a loop full of
culture from all presumptive positive lauryl
tryptose broth tubes was aseptically transferred
into tubes of E. coli (EC) broth tubes. Following
incubation at 45°C for 48 hrs, EC tubes were
observed for gas accumulation in the Durham
tubes. MPN for fecal coliforms was obtained using
the MPN table (19).

Isolation of E. coli: From positive EC broth tubes,
loop full of culture was streaked on Eosin
Methylene Blue agar (Oxoid, England) and
incubated at 35°C for 24-48 hrs. Escherichia coli
colonies were differentiated by their characteristic
green metallic sheen. Presumptive E. coli colonies
were sub-cultured, purified and preserved on
nutrient  agar  slants  for  biochemical
characterization (19).

Isolation of Salmonella and Shigella: Twenty-
five grams of white lupin samples were
enriched on Selenite broth (Oxoid, England)
prior to inoculation on to salmonella-shigella
agar (Oxoid, England) plates. The plates were
incubated at 37°C under aerobic atmosphere
and examined after 24hrs. Typical colonies of
Salmonella as (color less colonies with or
without black centers) and Shigella colonies
(colorless colonies 1 to 2 mm in diameter) were
picked and further characterized through a
series of biochemical tests (19).

Antimicrobial susceptibility testing:
Antimicrobial susceptibility tests of Salmonella
spp., Shigella spp. and E. coli were performed on
Mueller-Hinton agar (Oxoid, England) following
the disc diffusion technique. The antimicrobials
tested include: cefoxitin (30 pg), tetracycline (30
ug), cotrimoxazole (25 pg), gentamicin (10 pg),
chloramphenicol (30 pg), nalidixic acid (30 ug),
erythromycin (15 pg) and ciprofloxacin (5 pg)
(Oxoid, England) (20). Morphologically identical
4-6 bacterial colonies from overnight culture were
suspended in 5ml nutrient broth and incubated for
4 hours at 37°C. Turbidity of the broth culture was
equilibrated to match 0.5 McFarland standards.
The surface of Mueller Hinton agar (Oxoid,
England) plate was evenly inoculated with the
cultures using a sterile cotton swab. The antibiotic
discs were applied on the surface of the inoculated

agar. After 18-24 hours of incubation, the
diameter of growth inhibition around the discs was
measured and interpreted as  sensitive,
intermediate or resistant according to Clinical and
Laboratory Standards Institute (21). Reference
strain of E. coli ATCC 25922 was used as quality
control for antimicrobial susceptibility tests.

Data analysis: Data were analyzed using SPSS
software (version 16.0). Descriptive statistics,
percentile, was used to analyze values and an
independent sample t- test was used to compare
means of total coliforms and fecal coliforms
between the core and surface. Significance was
determined at p <0.05 level.
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Figurel. Flow chart for preparation of ready- to-
eat white lupin (Lupinus albus)
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RESULTS

Description of preparation of white lupin:
Street vended white lupin undergoes some stages
of preparation before consumption. The farmers
roast the seeds and soak them in river water for 3-
5 consecutive days. They put and transport the
seed in bags and sell them in open market. The
vendors purchase white lupin, wash 2-4 times with
water, add different additives such as garlic, green
pepper, ginger and salt. Then they put the seeds in
open plastic containers (Figure 1).

Total and fecal coliform counts of white lupin:
The total coliform counts on the surface of the

white lupin ranged from 15 to 1100/g with a mean
value of 954.24/g. However, the total coliform
counts from the core ranged from 11 to 1100 /g
with a mean value of 756.16 MPN/g. Out of 40
samples, 37 (92.5%) on the surface and the core
were contaminated with fecal coliforms. Fecal
coliform counts ranging from 15 to 1100 MPN/g
with a mean value of 880.95 MPN/g and 11 to
1100 with a mean value of 662.10 MPN/g were
obtained at the surface and core, respectively.
However, fecal coliforms were not detected in 3
(7.5%) of samples in both cases (Table 1).

Table 1: Mean total and fecal coliform counts (MPN/g) on the surface and core of white lupin, Bahir Dar,

Ethiopia, 2012.

Mean counts and standard deviation
in the core of white lupin (MPN/g)

Indicators Mean count and standard deviation
on surface of white lupin (MPN/g)

Total coliforms 954.2 +358.5

Fecal coliform 880.9+398.6

756.2 +447.3
662.1+ 461.9

Pathogens isolated from white lupin: The total
number of bacteria isolated from the core and the
surface of white lupin samples is shown in Table
2. Salmonella, Shigella and E. coli were detected
from both the surface and inside of the ready to eat

white lupin samples. Twelve (30%) Salmonella,
18 (45%) E. coli and 5 (12.5%) Shigella was
isolated from the surface. Eleven (27.5%)
Salmonella, 11(27.5%) E. coli and 3 (7.5%)
Shigella were isolated from the core.

Table 2: The frequency and percentage of pathogenic bacteria from core and surface of white lupin, Bahir

Dar Ethiopia, 2012.

Section of white lupin

Frequency of Isolation n (%)

Salmonella spp. Shigella spp. E. coli
Core 11 (27.5%) 3 (7.5%) 11 (27.5%)
Surface 12 (30%) 5 (12.5%) 18 (45%)
Total 23 (57.5%) 8 (20%) 29 (72.5%)

Antimicrobial susceptibility of the bacterial
isolates: Analysis of species specific resistance
rates indicated that all E. coli isolates were
resistant to tetracycline. On the other hand, all E.
coli isolates were susceptible to chloramphenicol,
cotrimoxazole, erythromycin, nalidixic acid and
ciprofloxacin. Salmonella spp. showed the highest

resistance to erythromycin and erythromycin (86.9
%) while all isolates were sensitive to
ciprofloxacin, chloramphenicol and gentamicin.
Shigella spp. had resistant rates of 100% to
tetracycline and cotrimoxazole whereas all were
sensitive to ciprofloxacin and cefoxitin (Table 3).
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Table 3: Antimicrobial resistance patterns of bacteria isolated from street vended white lupin, Bahir Dar

Ethiopia, 2012.

Antimicrobials tested  E.coli (n=29)  Salmonella spp. (h=23)  Shigella spp. (n=8)

Tetracycline 100% 13%
Gentamicin 58.6% 0
Cefoxitin 20.7% 13%
Chloramphenicol 0 0
Ciprofloxacin 0 0
Cotrimoxazole 0 86.9%
Erythromycin 0 86.9%
Nalidixic acid 0 21.9%

100%
0

0
12.5%
37.5%
100%
62.5%
12.5%

The overall multiple antimicrobial resistance rate
was 75.2%. The resistances against two or more
antimicrobial agents were All Shigella spp. and
86.9% of Salmonella spp. and 58.6% of E. coli
showed multiple drug resistance (Table 4).
Fifteen, 2, and 3 of Salmonella spp. were resistant
to (erythromycin and cotrimoxazole),
(erythromycin, nalidixic acid, cotrimoxazole),
(cefoxitin, erythromycin, nalidixic acid,
cotrimoxazole, tetracycline). In the case of E. coli,

11 were resistant to gentamicin and tetracycline.
Of the eight Shigella isolates, three were resistant
to (cotrimoxazole and tetracycline), two were
resistant to  (erythromycin,  cotrimoxazole
tetracycline), two were resistant to (erythromycin,
cotrimoxazole, tetracycline, ciprofloxacin) and
one was resistant to  chloramphenicol,
erythromycin, nalidixic acid, cotrimoxazole,
tetracycline and ciprofloxacin.

Table 4: Multiple antimicrobial resistance of Salmonella spp., Shigella spp. and E. coli in Bahir Dar town,

2012.
Antibiogram
Bacterial isolates RO R1 R2 R3 R4 R5 R6
E. coli (n=29) 0 12 (41.4%) 11(37.9%) 6(20.7%) O 0 0
Salmonella spp 3(13%) O 15 (65.2%) 2 (8.7%) 0 3(13%) O
(n=23)
Shigella spp 0 0 3(37.5%) 2 (25%) 2(25%) O 1 (12.5%)
(n=8)
Total=60 3(5%) 12 (20%) 29 (48.3%) 10(16.7%) 2(3.3%) 3(5%) 1 (1.7%)

*R0= Sensitive to all tested antimicrobials; R1, R2, R3, R4, R5, R6 -Resistant to one, two, three, four, five, six

antimicrobials, respectively.

DISCUSSION

The presence of coliform bacteria in ready-to-eat
foods indicates unhygienic conditions during
processing, handling and distribution or post
processing contamination. The source of coliforms
in white lupin could be the river water in which
the white lupin is soaked by the farmers for 3 to 7
days to remove the bitter substance inside the seed
and also it could be from the water that is used by

the street vendors to wash the white lupin before it
is ready for the consumers. One major source of
contamination of foods sold by street vendors is
the water used for washing and processing (22). In
Onitsha-Owerri, south east Nigeria, a study on
microbial safety of the ready-to-eat food wall nut
(Tetracarpidium  conophorum) showed high
coliform counts. The shell of wall nut is normally
removed with the teeth possibly resulting in
contaminants being easily swallowed. Poor
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handling of wall nut and the natural microflora
could thus have contributed to the high level of
contamination (23).

There are potential health risks associated
with initial contamination of foods by pathogenic
bacteria as well as subsequent contamination by
vendors during preparation and handling and cross
contamination as well (24). The presence of
Salmonella, Shigella and E. coli O157:H7 in 25
gms of a sample examined is regarded as
potentially hazardous to consumers, and is
unacceptable for consumption (25). The vendors
can be carriers of pathogens like E. coli,
Salmonella, Shigella, Campylobacter and S.
aureus and can eventually transfer these food-
borne hazards to consumers. From a study done in
Onitsha-Owerri, south east Nigeria, Salmonella,
Shigella and E. coli, were isolated from ready-to-
eat foods, indicating poor sanitary control and
practice (23).

Salmonella was isolated from the inside and
surface of white lupin samples. The presence of
Salmonella was also reported in another study
from ready-to-eat spaghetti in an open market in
Ethiopia (26). Other studies also isolated
pathogens including Salmonella spp. on street
foods (24, 27). The presence of Salmonella in
these foods is attributed to inadequate sanitation
and poor personal hygiene.

For pathogens with no animal reservoir such
as Shigella spp., human feces provide the primary
source of contamination, and infected food
handlers have frequently been implicated as the
cause of disease outbreaks of food borne diseases.
The source of Shigella in the present study may be
river water in which white lupin is soaked and
washed. Several studies of shigellosis have shown
that various water sources contaminated with
human feces can contribute to indirect fecal-oral
transmission (28). Presence of E. coli could only
be attributed to fecal contamination from the
hands of food handlers and/or from contaminated
working surfaces and utensils (29). In this study,
E. coli was isolated in the majority of white lupin
samples, which indicates the existence of
unhygienic food processing and handling.

The antimicrobial resistance of bacteria
isolated from food and other sources, against
commonly used antibiotics has increased from
time to time (30). Antimicrobial resistance rates of
Salmonella spp. and E. coli in this study are higher

than the study conducted Nigeria (31). Salmonella
spp. was sensitive to ciprofloxacin, gentamicin
and cotrimoxazole which is comparable to the
findings of different studies (6, 32). Gentamicin
and cotrimoxazole were also effective against E.
coli. This result is supported by results of other
studies (33, 34). The resistance rates of Shigella
spp. in this study are higher than the findings of a
study conducted in Ethiopia (7) but are
comparable to another study (6). Multiple drug
resistance of E. coli, Salmonella and Shigella has
been reported from various studies and the rates
recorded from this study are higher than most of
the results reported by other researchers (8, 31).

The present study revealed bacterial
contamination in white lupin as indicated by high
counts of total and fecal colifoms and isolation of
pathogens. This suggests a potential health risk
due to consumption of white lupin. Such risks can
be minimized by avoiding poor handling and
raising the awareness of food handlers. The study
also indicated that the pathogens isolated showed
high rates of resistance against commonly used
antibiotics. Therefore, surveillance of
antimicrobial resistance should be done on food-
borne pathogens. In addition, further studies
should be conducted on the bacteriological quality
of waters used for soaking white lupin.
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