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ABSTRACT 

This study was conducted to isolate and observe the morphological and biochemical characteristics of bacterial 

strains present in the sandwich. A single bacterial colony was isolated from a sandwich collected from different 

restaurants located in the area of the University of Rajshahi by plating from the diluted primary bacterial 

suspension of the liquid medium onto an agar solidified mineral salt medium after purifying through filter 

paper. The isolated bacterium was found to be Gram-positive, coccus, motile, lactose-non-fermenting, and 

could utilize different carbohydrates. Bacterial strain A showed a positive result for the Methyl Red test, the 

Catalase test, the Indole test, and the Simmons citrate agar test. The optimum culture condition of the isolate 

was pH 8 and the salt concentration was 0.1 gm/100 ml. The Minimum Inhibitory Concentration (MIC) value 

against Vancomycin was 50mg/ml and the viable cell count indicated 459×10
7
 CFU/ml. The result showed that 

the isolated bacterial strain A was resistant to Vancomycin and amoxicillin, whereas it was susceptible to 

gentamycin, ciprofloxacin, and chloramphenicol. This bacterial strain A can grow to a harmful extent after a 

certain time of incubation, which may cause a health hazard. 
 

 

Keywords: Isolation, Characterization, Sandwich, Antibiotic susceptibility, MIC, and Rajshahi university. 
 

INTRODUCTION: 

Food is a chemically complex matrix that contains 

sufficient nutrients to support microbial growth. Seve-

ral factors, such as water availability, pH, and tempe-

rature, encourage, prevent, or limit the growth of mic-

roorganisms in foods (Sahu and Bala, 2017, Bradford 

et al., 2018). Fast food includes different food items 

like pizza, burgers, or French fries, and Chinese as 

well as Indian (Pérez-Hernández, 2019; Happy et al., 

2018; and Schoffman et al., 2016).  

 

A sandwich is a food item consisting of one or more 

types of food placed on or between slice of bread, or 

more generally, any dish wherein two or more pieces 

of bread serve as a container or wrapper for some other 

food (Semlak, 2011). The sandwich was originally a 

portable food item or finger food, which began its 

popularity in the Western World. Today, sandwiches 

in various versions are found worldwide. Microbial 

food safety is an increasing public health concern 

worldwide. Each year in the United States, it is esti-
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mated that approximately 76 million food-borne ill-

nesses are caused by Campylobacter spp., nontyphoi-

dal Salmonella, and pathogenic Escherichia coli, all of 

which colonize the gastrointestinal tracts of a wide 

variety of wild and domestic animals, particularly 

those raised for human consumption (Meng and Doyle, 

1998). Contaminated raw or undercooked poultry and 

red meats are particularly important in transmitting 

these food-borne pathogens. 
 

The consumption of fast foods, raw milk, and raw milk 

products has been reported to be associated with seri-

ous health problems (Fusco et al., 2020; Wang et al., 

2018, Popkin and Reardon, 2018; Christian et al., 

2018). Microorganisms in fast and traditional fast 

foods are responsible for many human diseases, e.g. 

Salmonella bacteria is a common cause of food-borne 

illness, particularly in undercooked chicken and chi-

cken eggs (Angelillo et al., 2000). 
 

Food-borne diseases are an important cause of morbid-

dity and mortality worldwide. It is estimated that food-

borne diseases cause approximately 76 million illne-

sses, 325,000 hospitalizations, and 5,000 deaths in the 

United States each year (Mead et al., 1999). An out-

break of listeriosis among hospital patients in 2004 in 

Wales, the United Kingdom, was epidemiologically 

linked to the consumption of contaminated sandwi-

ches. Harakeh et al. (2005) reported the isolation of 

Salmonella and E. coli isolates from meat-based fast 

food in Lebanon. Food contamination with antibiotic-

resistant bacteria can be a major threat to public health 

as the antibiotic resistance determinants can be trans-

ferred to other pathogenic bacteria, potentially com-

promising the treatment of severe bacterial infections 

(Kubota et al., 2008). Many reports show the pre-

valence of antimicrobial resistance among food-borne 

pathogens (Korkeala and Lindstrom, 2009).  
 

The prevalence of antimicrobial resistance among food 

borne pathogens has increased during recent decades. 

There is no available data about fast food microbial 

existence in the Rajshah University area. Therefore, 

this study was designed to isolate and subsequently 

characterize new bacterial strains from sandwiches and 

their microbial resistance profiles in Rajshahi Uni-

versity, Bangladesh.  
 

MATERIALS AND METHODS: 

Collection and Pure Culture of Isolates 

Bacteria from sandwiches were isolated by plating 

from the diluted primary bacterial suspension of the 

liquid medium onto an agar solidified mineral salt 

medium. Before plating, sandwiches were collected 

from different restaurants located in the area of the 

University of Rajshahi, Bangladesh. Then the collected 

samples were diluted in autoclaved distilled water and 

filtered. A filtered solution was added to the Luria-

Bertani broth medium and incubated for the growth of 

bacteria. After incubation, this bacterial suspension 

was used for plating and single bacterial colony iso-

lation. The prepared plates were incubated at 37°C for 

overnight and bacterial colonies were found to grow on 

the medium with different colors. 
 

Microscopic Study of Bacterial Isolates 
 

Gram’s staining & Culture media dependent chara-

cteristics 

Gram’s staining was performed as per procedures des-

cribed by Merchant and Packer, (1969) to differentiate 

bacterial species into two large groups (Gram-positive 

and Gram-negative) based on the physical properties 

of their cell walls (Fig. 2). Culture media dependent 

characteristics were also observed to determine the 

size, shape, and arrangement of bacteria (Table 1).  
 

Motility test 

The simplest method to examine living microorgan-

isms and their motility is the hanging drop method 

(Mandri et al., 2007). The organism is observed in a 

drop suspended under a cover glass in a concave slide 

using this method, which is typically observed in a 

bright field microscope. Cover slides and cover slips 

are washed with distilled water, dried and wiped with 

ethanol.  
 

Vaseline is placed on the four edges of the cover of the 

cover slip. A drop of culture was placed in the center 

of the cover slip. The cavity slide was placed over the 

cover slip, and Vaseline was used to make contact bet-

ween the cover slip and slide. The curve was such that 

the drop should not touch the inner end of the cavity. 

The slide was turned upright and observed under a 

light microscope (Fig. 3). 
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Biochemical Tests 

Methyl Red Test 

A single colony from the pure culture of the test organ-

ism was inoculated in 5 ml of sterile MR-VP broth. 

After five days of incubation at 37ºC, five drops of 

methyl red solution were added and observed for color 

formation. The development of a red or yellow color 

indicated positive or negative results, respectively (Che-

esbrough, 1985). 
 

Catalase Test 

A volume of 3 ml of catalase reagent (3% H2O2) was 

taken in a test tube. Isolate A was taken with a glass 

rod and merged in the reagent and observed for bubble 

formation, which indicated a positive test. The absence 

of bubble formation indicated a negative result (Chees-

brough, 1985). 
 

Triple Sugar Iron (TSI) Test 

Gram-negative enteric bacilli are identified using triple 

sugar iron agar based on the generation of hydrogen 

sulfide and the fermentation of dextrose, lactose, and 

sucrose. Acids of different colors are produced by 

organisms that ferment dextrose monohydrate, chan-

ging the medium's color from red to yellow (Eaton et. 

al., 2005). 
 

Indole Test 

The test organisms were raised in 3 milliliters of pep-

tone water that contained tryptophan at 37ºC for 48 h. 

One milliliter of diethyl ether was added, shaken vigo-

rously, and left to stand until the ether rose to the top. 

Then 0.5 ml of Kovac’s reagent was gently run down 

the side of the test tube to form a ring in between the 

medium and the ether. The development of a brilliant 

red-colored ring indicated a positive test (Chees-

brough, 1985). 
 

Lactose Fermentation Test   

A lactose fermentation test was used for the isolation 

of gram-negative enteric bacteria and the differen-

tiation of lactose fermenting from lactose non-fermen-

ting Gram-negative bacteria. This test was performed 

by MacConkey (1905). 
 

Citrate Test 

The citrate test determines if a bacterial isolate can use 

citrate as a source of carbon and energy (Difco, 1998). 

The citrate test is based on the generation of alkaline 

by-products of citrate metabolism and a subsequent 

increase in the pH of the medium, which is demons-

trated by the color change of a pH indicator from green 

to blue. Bromothymol blue is the pH indicator. The 

Gram-negative pathogens and environmental isolates 

are recognized using the citrate test (Tang et al., 2000). 

The overall results of the biochemical tests of the iso-

lated bacterial strains are summarized in (Table 4). 
 

Effect of pH Variations on Growth 

The medium was maintained at different pH ranges 

from 5-8 and bacterial strains were inoculated in diff-

errent pH media and incubated on an orbital shaker at 

160 rpm for 36 hrs. It is possible to observe optical 

density by using a spectrophotometer (Table 3). 
 

Effect of Temperatures on Growth  

Firstly, the LB media were prepared and the pH was 

adjusted at 7 for Isolate A. Then the bacterial strain 

was inoculated in an already prepared LB medium and 

incubated at ranging from 20
0 

C to 35
0
C up to 36hrs. 

The growth rates were observed at different times by 

using the spectrophotometer (Table 4). 
 

Carbohydrate Utilization Test 

To find out the ability of the isolates to utilize different 

carbohydrates, the cultures were inoculated in an MS 

medium containing different carbohydrates viz. glucose, 

mannose, arabinose, sucrose, lactose, & cellulose. The 

final concentration of carbohydrates is 1%. The tubes 

were incubated at 28
0
 C for 3-5 days and observed for 

any growth (Table 5). 
 

Viable Cell Count 

Aliquots (2.5 ml) of 24 hr old LB medium-grown bac-

terial cultures were inoculated into 100 ml Erlenmeyer 

flasks containing 25 ml of Luria-Bertani broth. Control 

was maintained with an equal volume of broth without 

bacterial culture. Viable cell counts were per-formed 

24 hours after inoculation to monitor bacterial growth. 

At regular intervals, a bacterial inoculum (1 ml) was 

drawn from the test and control cultures, and serial 

dilutions were performed using 9 ml of sterile saline 

(0.85% NaCl; pH 8.5). Appropriate dilutions were 

plated in triplicate on nutrient agar and the plates were 

incubated at 37
0
 C for 24 h (Table 6). 

 

Antibiotic Sensitivity Test 

Nutrient agar plates were dried at 30º C and overnight 

grown bacterial culture (OD = 0.5) was poured onto 

the nutrient plate and dried. Antibiotic disks were pla-
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ced centrally on the respective plates and incubated at 

30° C (Table 2). After overnight incubation, the zone 

was observed on the plate and measured with the help 

of an mm scale (Table 7). 
 

Minimum Inhibitory Concentration (MIC) Tests 

The MIC of antibiotics, Vancomycin, was determined 

by the turbid metric method against isolated bacteria 

through the broth tube dilution method. The antibiotics 

and Vancomycin in various concentrations were app-

lied to the LB broth media in each test tube and in-

cubated at 37°C for 48 hours. The results of the MIC 

value of Vancomycin against isolated bacteria are pre-

sented in Table 8. 
 

RESULTS AND DISCUSSIONS:  

The food bacteria of greatest importance to human 

pathology are the most common causes of human infe-

ction and are extensively widespread in the environ-

ment thanks to fast foods (Kay et al., 1994). The study 

was conducted to isolate and observe morphological 

and biochemical characteristics of bacterial strains 

available in local sandwiches collected from the Raj-

shahi University Campus Area. A single bacterial 

colony was isolated from the sandwich (Fig.1), and the 

isolated strain A was subjected to morphological and 

biochemical tests where the optimum growth condi-

tions at different pH and salt concentrations were 

observed. Morphological and biochemical character-

istics of microorganisms are important tools for identi-

fication and observation of their distinguishable 

features. The interplay of factors affecting microbial 

growth in foods, such as (water activity, pH, and tem-

perature) ultimately determines whether micro-organ-

isms will grow in a given food. Morphological and 

biochemical tests were performed and the isolated bac-

terium was found to be gram negative, coccus, motile, 

lactose non-fermenting, and had the ability to utilize 

different carbohydrates. Bacterial strain a showed 

positive results for the Methyl Red test, Catalase test, 

Indole test, and Simmons citrate agar test. The opti-

mum culture condition of the isolate was at pH 7 (Fig. 

4) and the salt concentration was 0.1 gm/100 ml. 

Juneja et al. (2002) demonstrated the presence of 

microorganisms, e.g., Salmonella sp, Staphyloccus 

aureus, and Bacillus species in minimally processed 

bakery products. Similarly, from bread and bakery 

products, Bacillus strains were isolated (Collins et al., 

1991). As the certain number of viable cells of bacteria 

is associated with food spoilage and health hazard, 

viable cell count was conducted at specific media to 

reveal the extent of the growth of the isolate. Viable 

cell count indicated 459×10
7
 CFU/ml. The high micro-

biological contamination could be due to post-contam-

ination between preparation and consumption. Coli-

forms and E. coli may contaminate sandwiches during 

processing through contamination and faecal material 

as a result of poor sanitary practices, improper hand-

ling, and improper hygiene conditions (Bostan et al., 

2005). The presence of multidrug-resistant strains is 

alarming because such strains lead to a higher fatality 

rate than sensitive ones. In this research work, the 

antibiotic sensitivity test was conducted to reveal the 

resistance and susceptibility pattern of the isolated 

bacterium.  The resistant pattern of the isolated strain 

A was tested against Amoxicillin, Penicillin, Erythro-

mycin, Vancomycin, Gentamicin, Ciprofloxacin, and 

chloramphenicol. The isolate showed resistance to 

Amoxicillin, Penicillin, & Vancomycin and was found 

to be susceptible to Erythromycin, Gentamycin, Cipro-

floxacin, and chloramphenicol. In our experiment, 18 

mm, 14 mm, 21 mm, 11 mm, and 2 mm zones of inhi-

bition were found for chloramphenicol, Ciprofloxacin, 

Gentamycin, Erythromycin, and Amoxicillin (Fig. 6).  

 

The Minimum Inhibitory Concentration (MIC) value 

against Vancomycin was found to be 50mg/ml for the 

strain, demonstrating that a low concentration of this 

antibiotic was required to inhibit the growth of this 

microorganism. For bacterial growth in bakery foods, 

storage duration plays an important and vital role, and 

long storage duration favors more bacterial growth, so 

always try to avoid fast food storage for a long time. 

As most bacteria are able to produce toxins, it is reco-

mmended for strict monitoring and certification of 

bakery foods, hoping to maintain the quality of bakery 

foods and ultimately to ensure good health. The study 

was confined only to certain shops located in the area 

of the University of Rajshahi, Bangladesh, so the result 

does not represent the whole country. Detailed study is 

required concerning more areas, increasing sampling 

sites and their numbers. Further work is necessary to 

identify this strain, and 16S rDNA sequencing is nee-

ded to confirm the species of the strain. 
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Table 1: The isolated bacterial strain A's culture media-dependent characteristics and microscopic observation. 
 

Agar media Characters Results (Strain A) 

Mineral salts agar media Size (1-2) mm 

Shape Round 

Color Cream 

Consistency Sticky 

Opacity Translucent 

Elevation Raised 

Margin Entire 

Nutrient agar media Abundance of growth Good 

Color Cream 

Nutrient broth media Turbidity Uniform with fine turbidity 

Microscopic observation Gram staining Gram-negative 

Motility Motile 
 

 

 

 

 

 

 

 
 

        
Fig. 1: Isolated bacterial colonies. 

 

Fig. 2: Microscopic view of 

isolated a strain. 

Fig. 3: Motility test. 

 

Table 2:  Effects of pH on the growth of isolated bacterial strain A. 
 

 

Time (hr) 

Optical Density (OD) at 620 nm 

pH 5.0 pH 6.0 pH 7.0 pH 8.0 Control 

0 0.03 0.04 0.06 0.05 0.05 

2 0.03 0.045 0.065 0.05 0.05 

4 0.13 0.16 0.17 0.17 0.05 

6 0.23 0.24 0.30 0.25 0.05 

8 0.25 0.27 0.40 0.32 0.05 

10 0.27 0.30 0.45 0.35 0.05 

12 0.30 0.35 0.50 0.40 0.05 

24 0.40 0.49 0.60 0.50 0.05 

36 0.38 0.32 0.39 0.45 0.05 
 

Table 3: Effects of temperature on the growth of bacterial strain A. 
 

 

Time (hr) 

Optical Density (OD) at 620 nm 

20
0
 C 25

0
 C 30

0
 C 35

0
 C Control 

0 0.03 0.04 0.06 0.05 0.05 

2 0.03 0.045 0.065 0.05 0.05 

4 0.13 0.16 0.17 0.17 0.05 

6 0.23 0.24 0.30 0.25 0.05 

8 0.25 0.27 0.40 0.32 0.05 

10 0.27 0.30 0.45 0.35 0.05 

12 0.30 0.35 0.50 0.40 0.05 

24 0.40 0.49 0.60 0.50 0.05 

36 0.38 0.32 0.39 0.45 0.05 
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Fig. 4: Effect of pH on Bacterial Growth              Fig. 5: Effect of temperature on Bacterial Growth 
 

Table 4: Biochemical test of bacterial strain  A. 
 

Characters Results 

Methyl Red (MR) Positive 

Catalase test Positive 

Sulphide test Negative 

Indole test Positive 

Citrate agar test Positive 

Lactose fermentation test Negative 
 

Table 5:  Utilization of carbon sources by the strain A. 

Carbon sources Utilization 

Arabinose Positive 

Galactose Negative 

Sucrose Positive 

Maltose Positive 
Fructose Positive 

Lactose Negative 
Cellulose Negative 

Xylose Negative 
 

Table 6:  Detection of viable cells. 
 

Time (hour) OD (nm) Culture media CFU/ml Control 

24hr 620 Luria-Bertani (LB) 459×10
7
 0 

 

Table 7: Antibiotic sensitivity test. 

Antibiotics (µg/disc) Zone of Inhibition R S and I 

Amoxicillin (10µg) 2mm R - 

Penicillin (10µg) 0mm R - 

Erythromycin (15µg) 11mm - I 

Vancomycin(30µg) 0mm R - 

Gentamycin(10µg) 21mm - S 

Ciprofloxacin (5µg) 14mm - S 

Chloramphenicol (30µg) 18mm - S 
 

Here, (5~10mm) = Resistance to antibiotic (R), (10
+
~15mm) = intermediate resistance (I), (15

+
~20mm) = Sensitive to 

antibiotic(S). 
 

 
 

 

Fig. 6: Antibiotic sensitivity test. 
 

Here, A = Amoxicillin, Ci = Ciprofloxacin, Ch= Chloramphenicol, E = Erythromycin, G = Gentamycin, P= 

Penicillin, V = Vancomycin 
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Table 8: Minimum Inhibitory Concentration of Van-

comycin. 
 

Test organism Concentration Growth 
 

 

 

 

Bacterial Strain A 

100 - 

50 - 

25 + 

12.5 + 

6.25 + 

3.125 + 

1.5625 + 
 

The ‘+’ sign indicates the growth of the microorganisms 

while ‘-‘ sign indicates no growth. 
 

CONCLUSION: 

The bacteriological condition of the samples and their 

safety assessment revealed that the food contained 

some degree of bacteria. From this study, it was con-

cluded that our isolated bacteria were gram-negative 

and motile with positive results for various tests: met-

hyl red, catalase indole, and citrate agar. The bacterial 

isolate showed the optimum pH and temperature for 

growth was 7.0 and 37°C respectively. The isolate 

showed resistance to Amoxicillin, Penicillin, and Van-

comycin and was observed to be susceptible to Ery-

thromycin, Gentamycin, Ciprofloxacin, and Chloramp-

henicol. The Minimum Inhibitory Concentration (MIC) 

value against Vancomycin was found to be 50mg/ml 

for the strain A. The microbial safety of the investi-

gated sandwich depends not only on the environmental 

conditions but also on personal hygiene. The future 

prospects are of identifying this strain using 16S rDNA 

sequencing to confirm the species of the strain. 
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