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Abstract: Presence of antibiotic resistant bacteria in street-foods has become a global health concern. In this study, we have 

thoroughly investigated the bacteriological quality of Chatpati (CHT) samples collected from 7 different locations of Dhaka 

University campus. Various selective and differential media, Gram staining and biochemical tests were carried out for 

isolation, enumeration and characterization of the isolates. The total bacterial count varied in samples from 7 locations ranging 

from 1.1x10
3
 to 4.1x106 CFU/g. Klebsiella spp., Escherichia coli (E. coli), Enterobacter spp., Vibrio spp., Proteus spp., 

Pseudomonas aeruginosa and Aeromonas spp. were identified in the collected CHT samples. Isolates were then subjected to 

antibiotic susceptibility test. For antibiogram profiling, Ampicillin, Colistin, Chloramphenicol, Ceftriaxone, Ciprofloxacin and 

Nitrofurantoin were employed in this study. Multiple antibiotic resistance index (MRI%) of the isolates were found to be 

ranged from 16.67 to 66.67%. Majority of the isolates showed resistance against Ampicillin and Nitrofurantoin. Therefore, it 

may be concluded that the consumption of CHT from this area may be severely detrimental to health due to the presence of 

antibiotic resistant bacteria.  
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1. Introduction 

Food plays a predominant role in sustaining human health. 

However, inadvertent contamination usually associate during 

the preparation of foods [1]. A wide variety of foods such as 

vegetables, poultry, confectionary meat and meat products 

are usually prepared by food vendors in many developing 

countries. Food and agricultural organization define street-

food as “Ready to eat foods and beverages prepared and sold 

by vendors especially in streets and other public places for 

immediate consumption.” Street-foods includes fast foods, 

snacks, sliced fruits, salads, junk foods, meals, beverages and 

drinks [2]. Street-foods are appreciated for their unique 

flavors and convenience. An important socioeconomic role is 

played by the street-foods as they meet the food and 

nutritional requirements of the city consumers at affordable 

prices [3, 4]. In many developing countries, street-foods 

assure livelihood for a greater number of populations and 

food security for low income urban population [5]. There is a 

rapid increase of urban population in Bangladesh and in 

Dhaka city the population almost doubled from 5.3 to 9.3 

million in the last decade. Therefore the demand for 

relatively inexpensive ready-to-eat foods is increasing day by 

day particularly for the people spending most of the time 

outside the house and having little time and money to spend 

on food. Consumers belonging to this categories are students, 

itinerant unskilled laborers and the homeless [6]. However, 

street-food vendors are often poor and uneducated [7]. The 

lack of knowledge in safe food handling, traditional 

processing methods, ambient holding temperature, and poor 
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personal hygiene of food handlers are some of the major 

causes of contamination of street-foods [8, 9]. Microbial 

contamination of street-food leads to the foodborne illnesses 

considered as the major public health problem [10, 11]. In 

humans, foodborne diseases result from more than 250 

different types of bacteria, viruses, parasites, metals, toxins 

and prions [12]. Bacterial agents cause foodborne infections 

which may lead to hospitalizations and death. In Bangladesh, 

about 30 million people are suffering from foodborne 

illnesses each year where diarrhoeal diseases are the most 

common [13]. 

Apart from microbial load, the multi-drug resistance of 

foodborne microorganisms aggravates the food safety 

situation. Selective pressure towards resistant bacteria has 

been created by the possibility of horizontal transfer of 

resistance determinants and due to the over-use and misuse 

of antibiotics. As a result of these factors, the severity of the 

problem is significantly increased [14]. The intimidating 

probability is that most pathogenic bacteria threatening 

human health will soon be resistant to all known antibiotics 

[15]. According to the WHO’s report on global surveillance 

on antimicrobial resistance, the ability to treat common 

infections in the community and hospitals is put at risk due to 

the antibiotic resistance throughout the world which is not a 

prediction for the future but is happening right now [16]. 

Resistance to a given antibiotic may be an inherent 

characteristic of the organism or it may be acquired. 

Mutations in the bacterial genome or acquisition of additional 

genes coding for a resistance mechanism leads to the 

acquired resistance against an antimicrobial agent. The 

defensive mechanism of the bacteria is altered due to these 

genetic changes because these genetic changes lead to the 

change in membrane permeability, active transport of 

antibiotics, enzymatic inactivation of antibiotics, target 

modification, routing metabolic pathways around the 

disrupted point etc. [17, 18]. 

Various types of street-foods are sold by vendors in 

Bangladesh and among these foods, CHT is very popular 

among university students. Since, street-foods are generally 

high in bacterial count and spreading of antibiotic resistance 

through food chain is a global concern, we conducted this 

study to identify antibiotic resistant Gram-negative bacteria 

in CHT samples collected from seven different locations of 

Dhaka University campus. 

2. Materials and Methods 

2.1. Sample Collection 

CHT samples were aseptically collected during July to 

August, 2015. A total of 21 samples were collected for the 

study purpose having 3 samples from each site. Samples 

were collected in sterile containers and analyzed within one 

(1) hour of procurement. 

2.2. Sample Processing 

Ten (10) grams sample was mixed with previously 

prepared 90 ml peptone water in a flask. The flask was 

plugged with cotton and shaked for homogenization of the 

samples. After proper mixing of the sample, 1 ml of the 

sample solution was pipetted and transferred into sterilized 

cotton plugged test tubes containing 9 ml of 0.1% peptone 

water. Then they were mixed thoroughly by shaking. Thus 

the initial dilution of homogenate was prepared and from this 

homogenization further serial dilutions were made. 

2.3. Bacteriological Studies 

For the isolation of bacteria, the pour and streak plate 

methods were followed in this study. Plate count agar (PCA), 

MacConkey (MC) agar, Salmonella-Shigella (SS) agar, 

Thiosulphate Citrate Bile Sucrose (TCBS) agar and Eiosin 

Methylene Blue (EMB) agar media were used for the 

isolation purpose. SS agar was used for the better colony 

characteristics of Salmonella spp. and better growth of 

Shigella spp. EMB is the selective and differential media for 

coliforms. Green metallic sheen on EMB plate indicates the 

presence of E. coli. TCBS agar is a selective media which is 

used for isolating Vibrio spp. [19]. For antibiotic resistance 

study, Muller-Hinton agar and Muller-Hinton broth were 

used. All the media were prepared according to the 

instruction given by the manufacturer. The samples were 

diluted 10 folds upto 10
-6

 according to American Public 

Health Association (APHA) sample dilution guidelines [20]. 

Pour plate method was used for isolation of bacteria from 

CHT samples and plates were incubated at 37°C in an 

incubator for 24 hours [21]. Different types of bacterial 

colony grown on PCA, MC, EMB and TCBS agar were 

collected and maintained in nutrient agar slant. For further 

analysis, bacterial colonies grown on agar plates were tested 

immediately after their growth for morphological and 

cultural characteristics. The pH of the samples was 

determined with the help of pH paper strip, directly at the 

collection points. 

2.4. Identification of Isolates 

Some biochemical tests such as Kliger’s Iron Agar (KIA) test, 

Motility Indole Urease (MIU) test, Catalase and Oxidase tests 

were performed for the identification of bacterial isolates. 

2.5. Antibiogram Profiling 

Antibiotic sensitivity test was carried out for the 

representative isolates of all identified genus against 6 

antibiotics- ampicillin (10 µg), ciprofloxacin (5 µg), 

ceftriaxone (30 µg), colistin (10 µg), nitrofurantoin (300 µg) 

and chloramphenicol (30 µg) by disc diffusion method [22] 

and multiple antibiotic resistant index (MRI%) was 

determined [23], using the formula: 

MRI% = 
��.		��	���	
	��	��	��	�	��	���������	�����	���	������

��.		��	���	
	��	��	����
 

3. Results and Discussion 

We have found significant bacterial load in the collected CHT 
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samples. The total aerobic bacterial load ranged between 1.1 × 

10
3
- 4.1 × 10

6
 CFU/g. The pH of the samples ranged between 

4.5 -5.5. The acidic condition in the CHT samples could be 

attributed to the use of tamarind juice. The bacterial load of 

samples on different agar media is presented in Table 1. 

Table 1. Bacterial load on different media. 

Sample No. PCA MC SS TCBS EMB 

1 3.1 × 103 2.0 × 103 Nil Nil 2.6 × 103 

2 1.1 × 103 9.0 × 102 Nil Nil 6.0 × 102 

3 2.0 × 103 1.2 × 103 Nil Nil 1.7 × 103 

4 9.0 × 105 5.0 × 105 Nil Nil 7.1 × 105 

5 4.1 × 106 5.7 × 105 Nil Nil 6.3 × 105 

6 5.8 × 104 1.1 × 104 Nil 5.1 × 102 1.2 × 102 

7 2.8 × 105 5.0 × 104 Nil Nil 3.9 × 104 

The total bacterial load was compared with 

microbiological guideline for ready-to-eat food [24]. All of 

the samples were found to have bacterial load above the 

satisfactory level. Several factors can be attributed to the 

presence of these microbes in CHT samples, such as 

improper handling and processing, use of dirty processing 

utensils like knife and trays, use of contaminated water 

during washing and dilution, cross contamination from rotten 

ingredients used for the preparation of CHT etc. [25]. 

Bacteria were identified by cultural and morphological 

characteristics and biochemical tests. In this study, E. coli, 

Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella spp., 

Aeromonas spp., Enterobacter spp. and Vibrio spp. were 

found in CHT (Table 2). The presence of E. coli indicates 

faecal contamination. The bacterial aerosols generated due to 

sneezing and coughing in public places might be a potential 

source of the presence of respiratory pathogen Klebsiella spp. 

in CHT. Detection of Vibrio spp. and Aeromonas spp. 

indicates water borne contamination of the samples. 

Handling of soiled notes and currencies by the street-food 

vendors might be a source of transmission of Pseudomonas 

spp. The possible source of Proteus spp. is faecal 

contamination whereas Enterobacter spp. can easily 

contaminate food since it is widely distributed in the 

environment [26, 27]. 

 

Figure 1. (a) Spot of CHT collection, (b) Collected CHT sample, (c) KIA 

Test and (d) MIU Test. 

Table 2. Biochemical test results. 

Isolates ID 
KIA Test MIU Test Oxidase 

Test 

Catalase 

Test 
Identification 

Slant Butt H2S Gas Motility Indole Urease 

1/SB/1 A A - + - - + - + Klebsiella spp. 

1/SB/2 A A - + + + - - + E. coli 

2/SW/1 A A - + - - + - + Klebsiella spp. 

2/SW/2 A A - + + + - - + E. coli 

3/REG/1 A A - + + + - - + E. coli 

3/REG/2 A A - + + + - - + E. coli 

4/RH/1 K K - - + - - + + Pseudomonas aeruginosa 

4/RH/2 A A - + + - - - + Enterobacter spp. 

5/SN/1 K A + + + - + - + Proteus mirabilis 

5/SN/2 K A - + + + - + + Aeromonas spp. 

6/DMC/1 K A + + + - + - + Proteus mirabilis 

6/DMC/2 K A - - + + - + + Vibrio spp. 

7/CH/2 A A - + + - - - + Enterobacter spp. 

7/CH/3 K A + + + - + - + Proteus mirabilis 

K= alkaline reaction (red color), A= acid reaction (yellow color), + = positive reaction, - = negative reaction. 

Although some pathogenic bacteria have been found in CHT 

samples inside Dhaka University campus, the load is relatively 

lower than the previous study conducted in one of the busiest 

areas, Motijheel, Dhaka city. We found average bacterial load of 

4.68 (log CFU/g) compared to 8.8 (log CFU/g) reported by 

Tabashsum et al. 2013 [28]. Dhaka University campus is 

relatively less crowded than Motijheel of Dhaka city which 

might contribute to the lower bacterial load in the collected 

samples. Similar results were found by Tambekar et al. 2011 

[29]. In that study, samples collected from crowded areas were 

more contaminated than the samples from non-crowded areas. 

The street vendors in Dhaka University campus sell CHT in a 

relatively hygienic condition. Moreover, for the preparation of 

CHT, vendors collect water from University campus which is 

safer than other parts of Dhaka city. The pH of the samples 

ranged from 4.5 to 5.5. This acidic pH may be another 
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underlying cause of lower bacterial load. Apart from this, the 

turn-over rate of this food item is very high and therefore there is 

fewer chance of selling stale food and also the food items were 

found to be kept in heating all the time. All of these factors 

might contribute to the relatively better bacteriological quality of 

CHT sold inside Dhaka University campus. 

Street-foods are also very popular in other south-east asian 

countries like India. The findings from the present study have 

been compared with the previously published reports on the 

similar types of street-foods from different locations of India. 

From the comparison, we observe that Gram-negative bacteria 

such as E. coli, Klebsiella spp., Enterobacter spp., Vibrio spp. 

and Pseudomonas aeruginosa were also identified from 

Panipuri and Bhelpuri samples (Table 3). Similar ingredients 

and preparation methods for CHT, Panipuri and Bhelpuri along 

with the same geographical location of Bangladesh and India 

may be the underlying causes for the presence of similar Gram-

negative bacteria. However, identification of some potentially 

harmful Gram-negative bacteria such as Salmonella spp. and 

Shigella spp. has been reported on those studies. Tabashsum et 

al. 2013 also identified Salmonella spp. in CHT samples 

collected from the Motijheel area of Dhaka city, Bangladesh 

[28]. However, we did not find such type of bacteria in our 

samples. Therefore, it can be concluded that the CHT sold inside 

Dhaka University campus is relatively safer than CHT sold in 

other part of Dhaka city as well as safer than Panipuri and 

Bhelpuri sold in different regions of India.  

Table 3. Gram-negative bacteria identified in similar types of street-foods from different regions of India. 

Sample Name Study Location Identified Bacteria References 

Panipuri Tamil Nadu, 
E. coli, Klebsiella spp., Enterobacter spp., Vibrio spp., Salmonella spp., Shigella spp., 

Yersinia spp. 
[30] 

Panipuri Baripada city, Orissa 
E. coli, Klebsiella spp., Enterobacter spp., Vibrio spp., Salmonella paratyphi B., 

Shigella dysenteriae 
[31] 

Panipuri Amravati E. coli, Klebsiella spp., Pseudomonas aeruginosa [29] 

Panipuri, Bhelpuri Bangalore E. coli, Klebsiella spp., Pseudomonas spp. [26] 

 

From the antibiogram profiling it was observed that all of 

the isolates were sensitive to ciprofloxacin and colistin. Most 

of the isolates were resistant to ampicillin and nitrofurantoin, 

five isolates were resistant to chloramphenicol. The MRI 

percentage of the isolates ranged between 16.66–66.6 (Table 

4). This is somewhat similar to the results reported by 

Madhuchhanda Das et. al. 2012 [31]. Pseudomonas 

aeruginosa showed the highest MRI percentage of 66.67 

which was followed by Proteus mirabilis (50). E. coli, 

Klebsiella spp. and Enterobacter spp. showed MRI 

percentage of 33.33. Aeromonas spp. and Vibrio spp. showed 

the lowest MRI percentage of 16.66 which reflects their 

susceptibility towards the applied antibiotics. 

Table 4. Results of antibiogram profiling with MRI percentage of isolates. 

Isolates 
Antibiotics 

MRI% 
Sensitive to Resistant to 

Klebsiella spp. CIP-5 µg (22), CRO-30 µg (27), CT-10 µg (11), C-30 µg (24) AMP-10 µg (8), F-300 µg (13) 33.33 

Enterobacter spp. CIP-5 µg (33), CRO-30 µg (20), CT-10 µg (13), C-30 µg (21) AMP-10 µg (10), F-300 µg (6) 33.33 

E. coli CIP-5 µg (25), CRO-30 µg (25), CT-10 µg (11), C-30 µg (24) AMP-10 µg (9), F-300 µg (14) 33.33 

Pseudomonas 

aeruginosa 
CIP-5 µg (25), CT-10 µg (12) 

AMP-10 µg (8), F-300 µg (6), CRO-30 

µg (13), C-30 µg (6 ) 
66.67 

Proteus mirabilis CIP-5 µg (25), CRO-30 µg (26), CT-10 µg (12), C-30 µg (25) AMP-10 µg (12), F-300 µg (14) 50.00 

Vibrio spp. CIP-5 µg (26), CRO-30 µg (28), CT-10 µg (12), C-30 µg (26), F-300 µg (17) AMP-10 µg (8) 16.67 

Aeromonas spp. CIP-5 µg (27), CRO-30 µg (25), CT-10 µg (12), C-30 µg (27), F-300 µg (19) AMP-10 µg (10) 16.67 

Values in parentheses represents the zone of sensitivity in millimeters (mm); AMP-10 = Ampicillin 10 µg, CT-10 = Colistin 10 µg, CIP-5 µg = Ciprofloxacin 5 

µg, CRO-30 µg = Ceftriaxone 30 µg, F-300 µg = Nitrofurantoin 300 µg, C-30 µg = Chloramphenicol 30 µg; MRI = Multiple Antibiotic Resistance Index. 

On February 27, 2017 WHO published the first ever list of 

antibiotic resistant bacteria termed as “priority pathogen” that 

included 12 families of bacteria posing greatest threat to 

human health. The list emphasized specially on multidrug 

resistant Gram-negative bacteria. The list is categorized as: 

critical, high and medium priority based on urgency to 

develop new antibiotics. Multidrug resistant bacteria posing a 

great threat in hospital patients are considered as priority-1 

category (Critical Group) including Acinetobacter 

baumannii, Pseudomonas aeruginosa and various 

Enterobacteriaceae (Klebsiella, E. coli, Serratia and 

Proteus). The alarming issue is that these bacteria are now 

resistant to a large number of antibiotics such as to 

carbapenems and third generation cephalosporins. The 

priority-2 and priority-3 categories include drug resistant 

bacteria which lead to common diseases like gonorrhea and 

food borne diseases [32]. In this present study, we have also 

identified the aforementioned top priority bacteria in the 

CHT samples. Among the identified bacteria, Pseudomonas 

aeruginosa is a ubiquitous and versatile human opportunistic 

pathogen that requires minimum nutrients for growth [33-

34]. In recent years, several studies have been conducted in 

big cities of Bangladesh to get an insight of the antibiotic 

resistant nature of Pseudomonas aeruginosa. The findings 

from these studies are briefly summarized in Table 5. 
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Table 5. Summary of researches carried out in Bangladesh in recent years on antibiotic resistant Pseudomonas aeruginosa. 

Study Location Sample Type Nature of Resistance References 

Chittagong Swab from burn wounds 

Type Resistant to 

35 Pseudomonas. aeruginosa CU1 All Applied Antibiotics 

Pseudomonas. aeruginosa CU2 Amoxicillin, Ampicillin and Gentamicin 

Noakhali, Chittagong 
Swab from mobile phone of 

healthcare workers 

Resistant to 

36 

Antibiotic Percentage 

Ceftazidime 45.5 

Tetracycline 45.5 

Cefotaxime 36.4 

Ciprofloxacin 36.4 

Imipenem 36.4 

Gentamycin 27.3 

Dhaka City 
Water from various ponds, 

lakes and rivers 

Resistant to 

37 

Antibiotic Percentage 

Ampicillin 100 

Tetracycline 93.7 

Gentamicin 93.7 

Moderately resistant to 

Antibiotic Percentage 

Co-trimoxazole 71.8 

Marginal resistant to 

Antibiotic Percentage 

Polymixin-B 21.8 

Colistin 12.5 

Sensitive to 

Antibiotic Percentage 

Ciprofloxacin 100 

Dhaka Medical 

College Hospital 

Wound swab, urine, pus, 

aural swab 

Resistant to 

38 

Antibiotic Percentage 

Cefixime 93.3 

Co-trimoxazole 93.5 

Ceftazidime 86.8 

Gentamycin 77.3 

Ciprofloxacin 75.5 

Imipenem Least Resistance 

 

4. Conclusion 

In this present study, significant bacterial loads have been 

found in different CHT samples. The results of the study 

were compared with the previously conducted study outside 

the Dhaka University campus. The comparison reveals that 

bacteriological quality of CHT, sold in Dhaka University 

campus, is relatively better than CHT sold outside the 

campus. Majority of the isolates showed resistance against 

the applied antibiotics. Ampicillin resistance was found in 

92.307% isolates. Resistance was also found against 

Nitrofurantoin, Chloramphenicol and Ceftriaxone. The 

presence of E. coli, Pseudomonas aeruginosa, Klebsiella 

spp., Vibrio spp., Enterobacter spp. etc. along with their 

multiple drug resistance characteristic may be severely 

detrimental to public health. Development of multiple 

antibiotic resistances among bacteria is a global public health 

concern today; hence, presence of such bacteria in street-food 

items as reported in this study is highly alarming. Therefore, 

it can be concluded that CHT sold in the streets of Dhaka 

University campus is not safe for health. Immediate public 

awareness should be raised so that contaminant free CHT is 

ensured for the consumers. Apart from this, several studies 

are required for visualizing the insight of the spreading of 

antibiotic resistance through food chains. 
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