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Abstract
To determine the microbial load of hog plum (Spondias mombin) (Local name Amra) sold
by street vendors at Bangladesh Agricultural University (BAU) campus and Mymensingh
city, samples of raw hog plum wash (n = 5), hand wash of vendors (n = 5), knife wash
(n = 5) and stick wash (n = 5) were collected from five different hog plum vendors.
Microbial quality of hog plums was assessed by total viable count (TVC), total coliform
count (TCC) and total staphylococcal count (TSC). Samples were inoculated into Eosin
Methylene Blue (EMB) agar, MacConkey agar and Mannitol Salt (MS) agar. Identification
of Staphylococcus aureus and Escherichia coli (E. coli) were confirmed by sugar fermentation
and biochemical tests. TVC ranged from log 6.9 to 6.8 cfu/mL in raw hog plum wash, log
6.9 to 5.8 cfu/mL in vendors' hand wash, log 5.9 to 4.9 cfu/mL in stick wash and log 5.3 to
5.2 cfu/mL in knife wash samples. TCC of raw hog plum wash sample was log 3.4 to 2.3
cfu/mL and in vendors’ hand wash samples log 3.4 to 1.3 cfu/mL. TCC were not detected
in stick and knife wash samples. TSC ranged from log 4.6 to 4.6 cfu/mL in raw hog plum
wash, log 5.7 to 4.6 cfu/mL in vendors' hand wash, log 4.6 to 3.6 cfu/mL in stick wash and
log 4.5 to 4.5 cfu/mL in knife wash samples. Staphylococcus aureus were sensitive to
ciprofloxacin, gentamicin and vancomycin and resistant to ampicillin and cephalexin. E.
coli were sensitive to ciprofloxacin and gentamicin and resistant to ampicillin, penicillin G
and cephalexin. It is indicated that hog plum sold at BAU campus and Mymensingh city
street harbour multidrug-resistant food-borne bacteria causing possible public health
hazards. (Bangl. vet. 2015. Vol. 32, No. 1, 19 – 26)

Introduction
Hog plum (Spondias mombin) popularly called “Amra” is a well-known fruit in
Bangladesh and is sold in open markets or streets. It is normally served as a flowerlike stick. People of all ages are fond off hog plum especially during summer (MarchSeptember). Hog plums are a rich source of vitamins, especially vitamin C (Akther et
al., 2012). Hog plums are prone to microbial contamination because they are sold in
open markets without covering. Street food vending has become an important public
health issue. Major factors in microbial contamination are the place of preparation,
utensils, raw materials, temperature and the personal hygiene of the vendor (Rane,
2011). The majority of street food vendors are ignorant of good hygiene practices
(GHP: Mensah et al., 2002; Sultana et al., 2013), which increases the risk of
contamination for food products (Bhaskar et al., 2004; Tambekar et al., 2009). Food*Corresponding author:- E-mail: minaramicro2003@yahoo.com.
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borne disease is commonly associated with Salmonella enteritidis (SE), Vibrio cholera,
Escherichia coli serotype O157:H7 and Listeria monocytogenes (Mensah et al., 2002;
Annan-Prah et al., 2011; Tambekar et al., 2011). Previous studies on hog plums have
looked at their chemical composition, phytochemistry, pharmacology and pickle
development (Bhuiyan, 2012). There are no reports on the bacteria in hog plum in
Bangladesh. The objectives of this study were to identify bacteria in street-vended hog
plum and to assess their antibiotic sensitivity.

Materials and Methods
Collection of samples
Samples of raw hog plum wash (n = 5), hand wash of vendors (n = 5), knife wash (n =
5) and stick wash (n = 5) were collected from five places where vendors sell hog plum:
BAU Library, KB High School, Botanical Garden, China Bridge-point and Station
road, in Bangladesh Agricultural University (BAU) campus and Mymensingh city.
Enumeration of total viable count (TVC)
About 0.1 mL of each tenfold dilution was transferred and spread duplicate onto Plate
count (PC) agar using micropipettes. The inoculated samples were spread on to the
entire surface of the agar plate with a sterile glass spreader. One sterile spreader was
used for each plate. The plates were kept in an incubator at 37°C for 24 – 48 hours.
After incubation, plates exhibiting 30-300 colonies were counted. The average number
of colonies in each dilution was multiplied by the dilution to obtain the total viable
count, as suggested by ISO (1995). The results were expressed as the number of
Colony Forming Units (CFU) per gram of food samples.
Enumeration of total coliform count (TCC)
In case of coliform count, MacConkey agar was used. Protocols used in this method
were similar to that of TVC.
Enumeration of total staphylococcal count (TSC)
In case of staphylococcal count, Mannitol salt agar was used. Protocols used in this
method were similar to that of TVC.
Isolation of bacteria
Homogenized samples were enriched by overnight incubation in nutrient broth at
37°C for 24 hours. These were streaked in duplicate plates onto Mannitol salt agar
(MSA) and Eosin Methylene Blue (EMB) agar and incubated at 37°C for 24 hours.
Identification of bacteria
Bacteria were identified by morphology of colonies, Gram’s stain, sugar fermentation
reaction, catalase, coagulase, Methyl Red (M-R), Voges-proskauer (V-P), and indole
tests (Cheesbrough, 1985).
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Antibiotic sensitivity test
Antibiotic sensitivity was tested using 0.5 McFarland turbidity standard inoculum
and freshly prepared, dried Mueller Hinton agar (Oxoid, UK) and six antibiotics:
ampicillin, vancomycin, gentamicin, cephalexin, penicillin G and ciprofloxacin. Two
isolates of E. coli and S. aureus were selected randomly for the test. Disc diffusion or
Kirby–Bauer method (Bauer et al., 1966) was used. The results were expressed as
resistant, intermediate or sensitive according to the guidelines of Clinical and
Laboratory Standards Institute (CLSI, 2007).

Results and Discussion
Total viable count (TVC), total coliform count (TCC) and total staphylococcal count
(TSC) in raw hog plum wash samples
The highest TVC was from the China Bridge-point vendor (log 6.9 ± 0.6 cfu/mL) and
the lowest in the Botanical garden vendor (6.8 ± 0.6 cfu/mL).
The highest TCC was in the China bridge-point vendor (log 3.4 ± 0.5 cfu/mL) and the
lowest in the BAU library vendor (log 2.3 ± 0.5 cfu/mL).
The highest TSC was in the China Bridge-point vendor (log 4.6 ± 0.6 cfu/mL) and the
lowest in the BAU library vendor (log 4.6 ± 0.5 cfu/mL) (Table 1).
Table 1: TVC, TCC and TSC in raw hog plum wash samples collected in different
vending places
Name of
sample
Raw hog
plum wash

Vending places
BAU Library,
Mymensingh
KB High School,
Mymensingh
Botanical Garden,
Mymensingh
China Bridge- point,
Mymensingh
Station Road,
Mymensingh

TVC (mean log
cfu ± sd/mL)
6.8 ± 0.6

TCC (mean log
cfu ± sd/mL)
2.3 ± 0.5

TSC (mean log
cfu ± sd/mL)
4.6 ± 0.5

6.8 ± 0.6

2.4 ± 0.6

4.6 ±0.6

6.8 ± 0.6

2.4 ± 0.5

4.6 ± 0.6

6.9 ± 0.6

3.4 ± 0.5

4.6 ± 0.6

6.9 ± 0.6

3.4 ± 0.5

4.6 ± 0.6

TVC: Total viable count; TCC: Total coliform count; TSC: Total staphylococcal count; cfu: Colony
forming unit; sd: standard deviation

Total viable count (TVC), total coliform count (TCC) and total staphylococcal count
(TSC) in vendor hand wash samples
The highest TCC was in the China Bridge-point vendor (log 6.9 ± 0.6 cfu/mL) and the
lowest in the BAU Library vendor (5.8 ± 0.6 cfu/mL).
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The highest TCC was in the China Bridge-point vendor (log 3.4 ± 0.5 cfu/mL) and the
lowest in the BAU Library vendor (log 1.3 ± 0.5 cfu/mL).
The highest TSC was in the China Bridge-point vendor (log 5.7 ± 0.6 cfu/mL) and the
lowest in the BAU Library vendor (log 4.6 ± 0.6 cfu/mL) (Table 2).
Table 2: TVC, TCC and TSC in vendor hand wash samples in different vending places
Name of
Vending place
TVC (mean log
TCC (mean log
TSC (mean log
sample
cfu ± sd/mL)
cfu ± sd/mL)
cfu ± sd/mL)
Vendor
BAU Library,
5.8 ± 0.6
1.3 ± 0.5
4.6 ± 0.6
hand wash Mymensingh
KB High School,
5.8 ± 0.6
2.37±0.52
4.63±0.60
Mymensingh
Botanical Garden,
6.8 ± 0.6
2.4 ± 0.5
4.6 ± 0.6
Mymensingh
China Bridge-point,
6.9 ± 0.6
3.4 ± 0.5
5.7 ± 0.6
Mymensingh
Station Road ,
6.9 ± 0.6
3.3 ± 0.5
5.7 ± 0.7
Mymensingh
TVC: Total viable count; TCC: Total coliform count; TSC: Total staphylococcal count; CFU: Colony
forming unit; sd: Standard deviation

Total viable count (TVC), total coliform count (TCC) and total staphylococcal count
(TSC) in stick wash samples
The highest TVC was found in the Station Road vendor (log 5.9 ± 0.6 cfu/mL) and the
lowest in the Botanical Garden vendor (4.8 ± 0.6 cfu/mL).
No coliforms were detected in stick wash samples.
The highest TSC was found in the Station Road vendor (log 4.6 ± 0.7 cfu/mL) and the
lowest in the KB High School vendor (log 3.6 ± 0.6 cfu/mL) (Table 3).
Table 3: TVC, TCC and TSC in stick wash samples in different vending places
Name of
Vending place
TVC (mean log TCC (mean log
TSC (mean log
sample
CFU ± SD/mL) CFU ± SD/mL) CFU ± SD/mL)
Stick wash BAU Library,
4.8 ± 0.6
ND
3.6 ± 0.6
Mymensingh
KB High School,
4.8 ± 0.6
ND
3.6 ± 0.6
Mymensingh
Botanical Garden,
4.9 ± 0.6
ND
3.6 ± 0.6
Mymensingh
China Bridge-point,
5.8 ± 0.6
ND
4.6 ± 0.6
Mymensingh
Station Road,
5.9 ± 0.6
ND
4.6 ± 0.7
Mymensingh
TVC: Total viable count, TCC: Total coliform count, TSC: Total staphylococcal count, cfu: Colony
forming unit, sd: Standard deviation, ND: Not detected
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Total viable count (TVC), total coliform count (TCC) and total staphylococcal count
(TSC) in knife wash samples
The highest TVC was in the China Bridge-point vendor (log 5.3 ± 0.1 cfu/mL) and the
lowest in the Botanical Garden vendor (log 5.2 ± 0.1 cfu/mL).
No coliforms were detected in knife wash samples.
The highest TSC was found in the China Bridge-point vendor (log 4.5 ± 0.6 cfu/mL)
and the lowest in the BAU Library vendor (log 4.5 ± 0.5 cfu/mL) (Table 4).
Table 4: TVC, TCC and TSC in knife wash samples in different vending places
Name of
sample
Knife wash

Vending place

TVC (mean log
CFU ± SD/mL)

TCC (mean log
CFU ± SD/mL)

TSC (mean log
CFU ± SD/mL)

BAU Library,
Mymensingh

5.3 ± 0.1

ND

4.5 ± 0.5

K.B High School,
Mymensingh

5.3 ± 0.1

ND

4.5 ± 0.6

Botanical Garden,
Mymensingh

5.2 ± 0.1

ND

4.5 ± 0.5

China Bridge-point,
Mymensingh

5.3 ± 0.1

ND

4.5 ± 0.6

Station Road,
Mymensingh

5.3 ± 0.2

ND

4.5 ± 0.6

TVC: Total viable count; TCC: Total coliform count; TSC: Total staphylococcal count; cfu: Colony
forming unit; sd: Standard deviation, ND: Not detected.

In another study performed on various street foods in Dhaka city, Tabashsum et al.
(2013) recorded average TVC values of the natural aerobic bacterial population
ranging from log 3.0 ± 0.0 to 8.8 ± 0.0 cfu/g. The TVC in various street foods such as
fried yam, fried potato, fried plantain and akara in the city of Lokoja, Nigeria, ranged
from 5.0 x 104 cfu/g to 2.1 x 107 cfu/g (Madueke et al., 2014). The microbial load is
relatively low in stick and knife wash used for preparing hog plums, but the hand
wash and raw hog plum wash tend to accumulate higher microbial loads, suggesting
poor hygiene.
Two bacterial species, namely Escherichia coli and Staphylococcus aureus were
identified. Tambekar et al. (2011) isolated E. coli, S. aureus, Klebsiella spp. and
Pseudomonas spp. from street-vended panipuri food. Saxena and Agarwal (2013)
documented the presence of E. coli, S. aureus, Bacillus cereus, Shigella and Salmonella in
street-vended Golgappa and Bhelpuri sold in Jaipur in Rajasthan, India. Adesetan et
al. (2009) isolated S. aureus, E. coli, Bacillus subtilis from street-vended fruits in Ijebu
area of Ogun state, Nigeria. The coagulase-positive character of Staphylococcus spp.
indicated the presence of S. aureus species. The presence of S. aureus is a consequence
of deficient hygiene of food handlers, since this bacterium contaminates food during
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handling or preparation. S. aureus is part of the normal flora of the human skin,
respiratory tract, urethra, ear and mouth (Nwamaka et al., 2010). Its presence in food
samples largely depends on inappropriate hygiene practices of the food handlers.
The isolation of coliform bacteria from hog-plum sample is indicative of faecal
contamination. The presence of coliforms in the samples might be consequent to poor
microbiological quality of the water used for washing fruits and utensils, as well as
their storage at ambient temperatures in improper places, poor maintenance of the
premises and lack of proper hygiene in vendors.
Results of antibiotic sensitivity tests

Zone of inhibition in (mm)

Two isolates – S. aureus and E. coli - were tested for antibiotic sensitivity. S. aureus was
sensitive to gentamicin, ciprofloxacin and vancomycin and resistant to cephalexin and
ampicillin. E. coli was sensitive to gentamicin and ciprofloxacin and resistant to
cephalexin, ampicillin and penicillin G. Data suggests that hog plums sold by street
vendors are contaminated with multidrug-resistant food-borne bacteria, which might
pose a hazard to public health. The results of the antibiotic sensitivity test are
presented in Fig. 1 and 2.
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Fig. 1. Summary of antibiogram of Staphylococcus aureus using five antibiotics.
Staphylococcus aureus was sensitive to three antibiotics and resistant to two.
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Fig. 2. Summary of antibiogram profile of E. coli using five antibiotics.
E. coli was sensitive to two antibiotics and resistant to three.
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Conclusions
The bacteria in hog plums showed multiple antibiotic resistances, which is a matter of
concern for public health. The results underline the need for hygiene improvement
and for increased awareness of sanitary practices during hog plum preparation and
serving. Hygienic handling and health education are crucial for preventing spread of
resistant bacteria and food poisoning through consumption of contaminated fruits.
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