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ABSTRACT 

Background: Khoa, a heat-desiccated milk product widely used as a base ingredient for the 

preparation of sweets in India, can be a major vehicle for the transmission of notorious food-

borne pathogens. Objective: To assess the microbial contamination of khoa. Materials and 

methods: Twenty-six khoa samples, collected from different sweet shops in and around 

Kolkata, were tested for total plate counts (TPCs), TPC and confirmation of Staphylococcus 

aureus, coliform and fecal coliform (Escherichia coli) counts, and various other potential 

food-borne pathogens, besides studying the multi-drug resistance (MDR)-pattern of the E. 

coli strains isolated. Results and Discussion: TPCs ranged from 6.954 to 8.477 log colony-

forming unit (cfu) g-1, whereas TPCs of Staphylococcus spp. ranged from 6.698 to 8.431 log 

cfu g-1. Nine (34.61%) of the samples harbored coagulase-positive S. aureus. The presence of 

coliforms was detected in all (100%) samples, with the average count being 135.76 Most 

Probable Number (MPN) g-1. The presence of Escherichia coli was confirmed in twenty-two 
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(84.61%) of them. S. aureus, Salmonella spp., Shigella spp., Vibrio cholerae and V. 

parahaemolyticus were detected in fourteen (53.84%), four (15.38%), eleven (42.30%), five 

(19.23%) and one (3.84%) of the samples respectively. Alarmingly, majority of the E. coli 

isolates displayed resistances to ampicillin (90.90%) and tetracycline (50%), thus turning out 

to be MDR. Conclusion: An apparent relationship between high TPCs, detection of 

coliforms, fecal coliforms and MDR-E. coli isolates, and the presence of notorious food-

borne pathogens revealed severe microbial contamination of khoa produced and sold 

unhygienically from this part of the country. 

Keywords: Coliform and fecal coliform counts, food-borne pathogens, khoa, microbial 

contamination, multi-drug resistance, TPCs 

INTRODUCTION 

Milk and milk products play an essential 

role in human nutrition all across the world. 

It is estimated that dairy products comprise 

at least 25% of the daily nutrition intake in 

man [1]. Over the millennia, traditional 

milk products of India have enriched the 

cuisine of this vast subcontinent. These 

products constitute a large array of 

tempting confections like dahi, makkhan, 

lassi, ghee, kheer, chhana, paneer, khoa, 

and different sweets like shrikhand and 

sandesh. Among these, sweets occupy the 

most important kind of desert in India, 

which have become synonymous with 

feasts, festivals and various celebrations all 

the year round.  

Most of these sweets require khoa as the 

chief ingredient. Khoa is a partially 

dehydrated, heat-desiccated (980C for 15-

20 minutes) milk product that is widely 

used as a base ingredient for the 

preparation of numerous indigenous sweets 

like peda, burfi, gulabjamun and kalakand 

[2]. A good quality khoa has a white/pale 

yellow color, a pleasant flavor, firm 

structure and smooth texture [2]. It keeps 

well for 2-3 days in hot weather, and 4-5 

days in cold weather; addition of sugar 

prolongs its shelf-life to 3-4 months [2]. 

There are three main varieties of khoa – 

pindi, dhap and danedar, which differ in 

quality and price [3]. It is estimated that 

nearly 7% of the total milk produced in 

India is converted into khoa for production 

of sweets [4]. Today, the India is estimated 

to produce over 300 million kg of khoa, 

valued at a total of Rs 300 crores at the 

current rates [5]. 

Although in Kolkata, West Bengal, a 

majority of the population consumes a wide 

variety of khoa-based sweets, the food-

industry recognizes it as a ‘highly-

perishable food’. Its moderate to near-

neutral pH (in the range of about 6.4-6.6), a 
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high moisture-content of about 96% (water 

activity or, aw 0.96), a high oxidation-

reduction (O-R) potential (Eh) favouring 

the growth of aerobic, anaerobic and 

facultative microorganisms, and all the 

necessary nutrients in the right kind and 

proportions required for an effective 

establishment of a chemoorganotrophic 

microbial flora make it very susceptible to 

bacterial invasion and multiplication [6].  

The unwanted microorganisms can reach 

khoa during its preparation from milk 

which is inadequately heated and cooled, or 

from poor quality of milk contaminated 

from various sources like infected cow-

udder (in case of mastitis disease of cows), 

animal feeds and manures. Besides, khoa 

may become contaminated from infected 

dairy-utensils and milk-contact surfaces, 

from unclean hands and arms of the milker 

or dairy-workers, as well as from air, 

contaminated water supplies for cleaning 

and production, unhygienic manufacturing 

units and equipments, flies and cross-

contamination. So, it is very important that 

the product be prepared hygienically, 

reducing its microbial load. Besides, khoa 

is often prepared in large bulk, and stored 

at room temperature for long duration, 

much in advance to its use in the 

preparation of sweets, particularly during 

festive seasons. Inadequate processing 

before use, following such a prolonged 

storage, obviously deteriorates the quality 

of khoa.  

Under sub-tropical climatic conditions, the 

shelf-life of khoa is 2-3 days at room 

temperature, and about 3 weeks under 

refrigerated storage conditions [3, 7]. As in 

a hot and humid place like Kolkata, 

microbial contamination is accentuated by 

high ambient temperature and humidity, 

and as most of the times the khoa is not 

refrigerated post-production, its keeping 

quality drops drastically. Hence, 

contamination with enteric pathogens not 

only causes changes in the color, odor, taste 

and texture of the khoa, it can also result in 

outbreaks of severely-fatal gastrointestinal 

infections in the consumers. This is 

because, once contaminated, this food 

favors the growth of the organisms, under 

conditions of abuse storage, to an extent 

where the sheer number of their metabolites 

may cause disease upon ingestion of such 

foods. Thus, a multitude of mild to fatal 

health hazards like nausea and vomiting, 

fever, abdominal cramps, upset stomach, 

diarrhea and dehydration may result from 

the consumption of these unhygienically-

prepared khoa, often leading to morbidity 

and mortality.  

Presently, only a few scientific reports are 

available on the microbiological quality of 

khoa. Although several studies carried out 

in different parts of India pointed that 
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pathogenic organisms like Streptococcus 

spp., Lactobacillus spp., Proteus spp., 

Pseudomonas spp., Serratia spp., 

Enterobacter spp., Klebsiella spp., drug-

resistant fecal coliforms like Escherichia 

coli, including enteropathogenic E. coli 

(EPEC), and Bacillus cereus often 

contaminate khoa [8, 9], no investigative 

reports are currently available from this 

part of the country, as also on their 

contamination status by the other much 

more notorious food-borne pathogens of 

public-health significance, like 

Staphylococcus aureus, Salmonella spp., 

Shigella spp. and Vibrio spp. Also a regular 

monitoring of this traditional milk product 

is mandatory due to constantly changing 

climatic conditions, population structure 

and food habits in different parts of Kolkata 

and its surroundings over the years, which 

generally alter the usual contamination 

profile of khoa already studied.  

Also, given that the emergence of multi-

drug resistant (MDR)-pathogens are on a 

whooping rise in this era of antibiotic 

overuse and misuse, it is of utmost 

importance that the antibiogram, indicative 

of the MDR-pattern of these severe khoa-

borne pathogens, be studied, in order to 

give epidemiologically significant data 

required by the health-sectors in both 

Government and Non-Government 

Organizations for formulating a proper 

course of treatment for patients suffering 

from khoa-mediated food-borne illnesses.  

So, keeping in view the above facts, the 

present study was designed to examine the 

bacterial load of khoa sold at different 

sweet shops in and around Kolkata, and to 

assess its potential as a vehicle for the 

transmission of microorganisms of 

enormous public health concern. For this 

purpose, total plate counts (TPCs), TPC of 

Staphylococcus spp. and confirmation of 

Staphylococcus aureus, coliform and fecal 

coliform (Escherichia coli) counts, and the 

presence of various other potential food-

borne pathogens like Salmonella spp., 

Shigella spp., Vibrio cholerae and V. 

parahaemolyticus were ascertained, 

confirmed and enumerated. At the same 

time, the antibiogram of the E. coli isolates 

was also studied in order to find out their 

MDR-pattern. The idea behind was to get a 

notion of the hygiene-status of the shop-

vended khoa, to make the consumers aware 

of the dire consequences that may befall if 

they continue to consume contaminated 

khoa, to highlight that it is the right time to 

ensure a better hygiene-profile of khoa still 

prepared and sold with minimal hygiene 

and sanitation, and also to propose a 

suitable treatment–regime in case of 

infections caused by khoa-borne MDR-

pathogens. 
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MATERIALS AND METHODS

Chemicals, reagents, dehydrated media, 

media base, supplements and antibiotics

All chemicals and reagents used in this 

study were purchased from Merck 

Specialities Private Limited, India and 

Sisco Research Laboratories Private 

Limited, India. All dehydrated media, 

media base, supplements, coagulase plasma

(from rabbit) and the antibiotics 

(ampicillin, chloramphenicol, streptomycin 

and tetracycline) in the form of 

commercially-available impregnated discs 

were procured from HiMedia Laboratories, 

India.  

 

 

Figure 1: A khoa sample collected from a Sweet shop in Kolkata

Total plate counts (TPCs) 

20 g of each sample was transferred to a 

sterile, pre-weighed, cooled blender cup

and 180 ml (1:9) of sterile, cool, 

buffered saline (pH 7.2) was 

[11]. The sample was blended at 15

for 1 minute [11], following which 

subsequent 100-fold serial dilutions 

10-5 and 10-7) of this 10-1-diluted sample 
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1: A khoa sample collected from a Sweet shop in Kolkata 

20 g of each sample was transferred to a 

cooled blender cup 

180 ml (1:9) of sterile, cool, phosphate-

was added to it 

. The sample was blended at 15000 rpm 

, following which 

serial dilutions (10-3, 

diluted sample 

were made with the same buffer.

plate count (TPC) of each sample on 

Nutrient Agar (NA) medium 

determined by standard S

method [11].  

TPCs of Staphylococcus 

confirmation of Staphylococcus aureus

A 0.1 ml aliquot of a blended and suitably 

diluted (10-5) sample was 
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samples of khoa (Figure 

were collected over a period of three 

during summer from different 

sweet shops (4th March 

in and around Kolkata, 

like from the North, Central, South and 

West Kolkata, and from the Northern, 

Western suburbs of 

taken aseptically in a 

sterile, covered beaker [10]. Then they 

were transported in a cool-container to the 

within 1-2 h. While 

e samples were 

were made with the same buffer. Total 

of each sample on 

Nutrient Agar (NA) medium was 

standard Spread-plate 

Staphylococcus spp. and 

Staphylococcus aureus 

0.1 ml aliquot of a blended and suitably 

sample was placed at the 
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center of a sterile, selective Baird-Parker 

agar plate, spread and incubated at 350C for 

48 h [11], after which the characteristic 

colonies, typical of Staphylococcus spp., 

were identified by their characteristic 

growth on NA slant, routine 

microbiological and biochemical tests [12], 

and the total number of colonies in each 

plate counted (TPC). Alongside these tests, 

Staphylococcus aureus was identified by 

the confirmatory ‘Coagulase’ test [12], and 

the total number of such colonies in each 

plate counted (TPC for S. aureus).  

Coliform and fecal coliform counts  

To enumerate the coliforms by the five 

tubes most probable number (MPN) 

method (5x5) using  sterile Lauryl Sulfate 

Tryptose Broth (LSTB) as the selective 

medium and each 10-1 diluted sample, 

following incubation at 350C for 48 h under 

shaking conditions, growth (turbidity) and 

gas production was noted in each tube [11]. 

The number of coliforms present (MPN g-1) 

in the undiluted sample was then calculated 

with the help of a standard MPN-table. The 

coliform counts were then confirmed by 

sub-culturing all positive LSTB tubes with 

a standard 3 mm loop into tubes containing 

sterile, selective Brilliant Green Bile Broth 

(BGBB). The BGBB tubes were then 

incubated for 48 h at 350C under shaking 

conditions, and likewise examined for 

growth (turbidity) and gas formation. 

Fecal coliforms (E. coli) were detected by 

sub-culturing all positive LSTB tubes in 

tubes containing sterile, selective 

Escherichia coli (EC) broth [11]. The tubes 

were incubated at 450C for 24 h under 

shaking conditions, examined for growth 

(turbidity) and gas production [11], and the 

number of fecal coliforms present (MPN g-1) 

in the undiluted sample was similarly 

calculated. One loopful from each of the 

positive EC tubes were streaked onto 

sterile, selective and differential Eosine 

Methylene Blue (EMB) agar plates, and 

incubated at 350C for 24 h [11]. Post-

incubation, the characteristic colonies, 

typical of E. coli, were identified on the 

basis of their characteristic growth on NA 

slant, and routine microbiological and 

biochemical tests [12].  

Salmonella and Shigella 

25 g of each sample was transferred to a 

sterile, pre-weighed, cooled blender cup 

and 225 ml (1:9) of sterile, cool, pre-

enrichment lactose broth (LB) was added to 

it [11]. The sample was blended at 15000 

rpm for 1 minute [11]. This seeded pre-

enrichment broth was then incubated at 

350C for 24 h under shaking conditions 

[11]. A 1 ml aliquot of this pre-enriched 

culture was next transferred to 9 ml of 

sterile selenite-cystine enrichment broth, 

and incubated further at 350C for 24 h 

under shaking conditions [11]. After 
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incubation, one loopful of the enriched 

culture was streaked onto plates containing 

sterile, selective and differential 

Salmonella-Shigella (SS) agar and Hektoen 

Enteric Agar (HEA) [10]. All the plates 

were then incubated at 350C for 24 h [10]. 

Colonies having characteristics typical of 

Salmonella spp. and Shigella spp. were 

then identified on the basis of their 

characteristic growth on NA slant, and 

routine microbiological and biochemical 

tests [11], and the total number of their 

colonies in each plate counted. 

Vibrio cholerae and V. parahaemolyticus 

25 g of each sample was transferred to a 

sterile, pre-weighed, cooled blender cup 

and 225 ml (1:9) of sterile, cool, alkaline 

peptone water (PW) as the enrichment 

broth for V. cholerae was added to it [11]. 

The sample was blended at 15000 rpm for 1 

minute [11]. This seeded broth was then 

incubated at 350C for 8 h under shaking 

conditions [11]. After incubation, one 

loopful from this PW culture was streaked 

onto a sterile, selective and differential 

Thiosulphate Citrate Bile Salts Sucrose 

(TCBS) agar plate [10]. Following 

incubation at 350C for 24 h, colonies 

characteristic of Vibrio cholerae were sub-

cultured on sterile T1N1 agar slants and the 

slants incubated overnight at 350C 

[10].Confirmation of Vibrio cholerae was 

done on the basis of their characteristic 

growth on NA slant, and routine 

microbiological and biochemical tests [11], 

and the total number of colonies in each 

plate counted. Glucose salt teepol broth and 

TCBS agar media were respectively used as 

enrichment, and selective and differential 

medium for the detection of Vibrio 

parahaemolyticus [11]. Its confirmation 

was done by growth-pattern observation on 

NA slant, and routine microbiological and 

biochemical tests were carried out similarly 

as done for Vibrio cholerae [11], and the 

total number of colonies in each plate 

counted. 

Antibiotic sensitivity test and 

determination of MDR-pattern 

The antibiotic sensitivity test for the E. coli 

isolates was performed according to the 

standard Kirby–Bauer Disc Diffusion 

method, and as per the recommendations of 

the Clinical Laboratory Standards Institute 

(CLSI) [13, 14]. The antibiotic-

impregnated discs used were those of 

ampicillin (10μg/disc), chloramphenicol 

(30μg/disc), streptomycin (25μg/disc) and 

tetracycline (30μg/disc). After incubation at 

370C for 24 h, the diameter of the zones of 

growth inhibition were measured in mm, 

and the relative susceptibilities of the 

different isolates to the different antibiotics 

used were determined with the help of the 

Kirby-Bauer standard zone-size data 



Choudhury L et al                                                                                                                   Research Article 
 

 
2139 

IJBPAS, September, 2020, 9(9) 

interpretative chart to ascertain the MDR-

pattern [15]. 

Statistical analysis 

All results were expressed as mean ± SEM 

(Standard Error of Mean) for individual 

experiment. Each experiment was 

performed three times (n=3), and the mean 

value from all set of those experiments was 

presented. Student’s t-test was performed 

as applicable in each case, and the values 

were found to be significant at 5% 

probability level. 

RESULTS AND DISCUSSION 

Confirmation of Staphylococcus spp., 

including Staphylococcus aureus 

Small to medium (4-6 mm), discrete, 

elevated, dark-gray to black colonies, many 

with an opaque zone of precipitation 

appeared on the Baird-Parker agar plates, 

indicating the presence of Staphylococcus 

spp. (Figure 2a). Dark-gray to black 

colonies with an opaque zone of 

precipitation indicated S. aureus. It was 

confirmed by its pale-yellow, translucent 

growth on a NA slant, purplish-violet 

(Gram-positive), medium cocci in a grape-

like-cluster appearance after Gram-staining, 

and typical results in biochemical tests 

(Figure 2b, Table 1). 

Confirmation of coliforms, including 

fecal coliforms (E. coli) 

Small (2-3 mm), discrete, flat, smooth, non-

mucoid, nucleated (black centre), purple 

colonies, most with a very prominent 

greenish metallic sheen typical of fecal 

coliform (E. coli) (Figure 3), were isolated 

from the EMB-agar plates. E. coli was 

confirmed by its pale-white, translucent 

growth on a NA slant, reddish-pink (Gram-

negative), short, thin, isolated rod 

appearance after Gram-staining, and typical 

results in biochemical tests (Table 2). 

Confirmation of Salmonella and Shigella 

Characteristic colonies, typical of 

Salmonella spp. and Shigella spp. were 

isolated from the SS agar-plates and HEA-

plates. Small to medium (2-4 mm in 

diameter), discrete, slightly-raised, smooth, 

translucent colonies, most with a very 

prominent black centre, were observed on 

the SS agar-plates (Figure 4a), whereas 

small to medium (2-4 mm in diameter), 

discrete, slightly-raised, smooth, 

translucent green-colored colonies, most 

with a very prominent black centre, were 

observed on the HEA-plates (Figure 4b), 

both suggesting the presence of Salmonella 

spp. On the other hand, small, medium and 

large (2-6 mm in diameter), discrete, 

slightly-raised, smooth, translucent 

colonies were observed on the SS agar-

plates (Figure 5a), whereas small, medium 

and large (2-6 mm in diameter), discrete, 

slightly-raised, smooth, translucent green-

colored colonies were observed on the 

HEA-plates (Figure 5b), both suggesting 
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the presence of Shigella spp. Both 

Salmonella spp. and Shigella spp. were 

confirmed by their characteristic pale-

white, translucent growth on a NA slant, 

reddish-pink (Gram-negative), short, thin, 

isolated rod appearance after Gram-

staining, and typical results in biochemical 

tests (Table 3). 

Counts and confirmation of Vibrio 

cholerae and V. parahemolyticus 

Small to medium (3-5 mm), discrete, 

slightly flattened, smooth, yellow colored 

colonies with opaque centres and 

translucent peripheries appeared on the 

TCBS-agar plates, indicating the presence 

of Vibrio cholerae, which fermented 

sucrose to produce a yellow color that later 

changed to green upon prolonged 

incubation (Figure 6a). Small to medium, 

discrete, slightly flattened, smooth, 

colorless colonies with green centres and 

translucent peripheries appeared on the 

TCBS-agar plates, indicating the presence 

of V. parahaemolyticus (Figure 6b). Both 

V. cholerae and V. parahaemolyticus were 

confirmed by their pale-white, translucent 

growth on a NA slant, reddish-pink (Gram-

negative), short, isolated, curved (‘comma’) 

rod appearance after Gram-staining, and 

typical results in biochemical tests (Table 

4). 

Total plate counts (TPCs), TPCs of 

Staphylococcus spp. (including 

Staphylococcus aureus), coliform and 

fecal coliform (E. coli) counts, and counts 

of selected food-borne pathogens  

In the present study, a total of twenty-six 

samples of khoa were examined to 

determine their bacterial load. The total 

plate counts (TPCs) (Figure 7), TPCs of 

Staphylococcus spp., along with coliform 

and fecal coliform (E. coli) counts observed 

in these khoa samples are presented in 

Table 6. Being a partially dehydrated, heat-

desiccated (980C for 15-20 minutes) whole 

milk product, it is expected that the 

microbial count of the finished product 

should be low. However, the observations 

of this study presented an alarmingly huge 

microbial contamination picture. Such high 

average bacterial counts, be it the TPCs 

(7.959 log cfu g-1), TPCs of Staphylococcus 

spp. (7.677 log cfu g-1) or the counts of 

coliforms (135.76 MPN g-1) and fecal 

coliforms (123.95 MPN g-1) (Table 5), in 

khoa, are highly undesirable, since it 

highlights the most unhygienic conditions 

of its preparation and storage. 

Further detailed analysis reveals that 1 

(3.84%), 11 (42.30%) and 14 (53.84%) 

among the 26 khoa samples had TPCs (log 

cfu g-1) <7, 7-8 and >8, respectively (Table 

6). All the 26 khoa samples examined 

(100%) showed the presence of 

Staphylococcus spp. Among them, 6 

(23.07%), 9 (34.61%) and 11 (42.30%) had 
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TPCs (log cfu g-1) of Staphylococcus spp. 

<7, 7-8 and >8, respectively (Table 7). 

Coagulase-positive S. aureus were detected 

in 1 (16.66%) out of 6 samples, 4 (44.44%) 

out of 9 samples and 9 (81.81%) out of 11 

samples having TPCs (log cfu g-1) of 

Staphylococcus spp. <7, 7-8 and >8, 

respectively (Table 6). Coliforms and fecal 

coliforms (E. coli) were detected in 26 

(100%) and 22 (84.61%) samples, 

respectively. Presence of E. coli, a 

recognized indicator of fecal 

contamination, was confirmed in all of the 

22 fecal coliform-positive samples (100%) 

(Table 6). The number of samples positive 

for fecal coliforms increased with increase 

in TPCs, as shown in Table 7, from 8 

(72.72%) in cases of samples with aerobic 

TPCs between 7-8 log cfu g-1 to 14 (100%) 

in cases of samples with aerobic TPCs  > 8 

log cfu g-1. Furthermore, among the 26 

khoa samples examined, Salmonella spp. 

and Shigella spp. were detected in 4 

samples (15.38%) and 11 samples 

(42.30%) respectively, out of which 4 

(100%) and 4 (36.36%) showed aerobic 

plate counts >8 log cfu g-1 (Table 6). Also, 

among the 26 khoa samples analysed, 

Vibrio cholerae and V. parahemolyticus 

were detected in 5 samples (19.23%) and 1 

sample (3.84%) respectively, out of which 

4 (80%) and 1 (100%) showed aerobic 

plate counts >8 log cfu g-1 (Table 6). 

These data indicate that Staphylococcus 

spp. was the prominent organism among all 

the six selected food-borne pathogens 

isolated from the khoa samples, being 

recovered from all of them (100%). 42.30% 

of the samples had TPCs of Staphylococcus 

spp. >8 log cfu g-1, out of which 81.81% 

were detected to contain coagulase-positive 

S. aureus with TPCs >8 log cfu g-1. Most 

alarmingly, a large number of people in 

India fall victims of food-borne illnesses 

caused by toxins produced by S. aureus 

ingested with khoa, like Staphylococcal 

Enterotoxicosis via production of its heat 

stable enterotoxin. Cows excrete 

Staphylococci from their udder, but these 

bacteria are heat-sensitive and should be 

destroyed during the preparation of khoa. 

Therefore, its presence in the positive 

samples indicates inadequate 

Pasteurization, or that it is acquired from 

the contaminated hands of khoa-makers 

and sellers.  

Coliforms are generally heat-labile, and 

their isolation from all the samples 

indicates post-processing contamination. In 

fact, the enumeration of coliforms, fecal 

coliforms (E. coli) in food products is 

employed generally as a reliable sanitation 

index of water, food, milk and dairy 

products for predicting unhygienic 

conditions during production and 

processing. Therefore the presence of these 
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organisms in food beyond the limit of 

tolerance generally indicates that the food 

in question has been fecally-contaminated 

with human and/or animal wastes, and 

exposed to conditions that might as well 

introduce or allow proliferation of enteric 

pathogens. In the present study, recovery of 

E. coli strains from almost all the samples 

of khoa (84.62%) thus indicates the 

possible presence of notorious 

enteropathogenic and/or enterotoxigenic 

pathogenic bacteria in it, like Salmonella 

spp., Shigella spp. and Vibrio spp., which 

could be a fatal public health hazard, being 

able to cause severe gastroenteritis and 

food-poisoning in infants and young 

children in particular. In this study, 100% 

of all the khoa samples analysed to have 

TPCs of coliforms >8 log cfu g-1 were also 

found to harbor the fecal coliforms (E. 

coli). Pathogenic strains of E. coli (in 

particular E. coli O157:H7) may cause 

cholecystitis, bacteremia, UTIs, Traveller’s 

Diarrhea, neonatal meningitis and 

pneumonia. It is not quite astonishing that 

fecal-coliforms were detected, considering 

the unhygienic conditions behind the 

preparation of these foodstuffs, and 

contaminated water used for washing of the 

utensils or production of khoa.  

Although the presence of other dreadful 

pathogens such as Salmonella spp. and 

Shigella spp. were found to be relatively 

less in this study (15.38% and 42.30% 

respectively), the mere presence of these 

pathogens suggests that there is a potential 

risk of spread of typhoid fever (caused by 

S. enterica Serotype typhi), gastroenteritis 

and enteric fever (Salmonellosis) (caused 

by S. enterica Serotype Typhimurium), and 

Shigellosis among the community. 

Alarmingly 100% and 36.36% khoa 

samples showed the presence of Salmonella 

spp. and Shigella spp. with TPCs >8 log cfu 

g-1. Presence of Vibrio spp., bacteria that 

causes cholera (caused by V. cholerae) and 

gastro-enteritis (Vibriosis, caused by V. 

parahaemolyticus) were also noted in 

19.23% and 3.84% of the khoa samples 

respectively, out of which 80% and 100% 

khoa samples indicated the presence of V. 

cholerae and V. parahaemolyticus with 

TPCs >8 log cfu g-1. The presence of these 

pathogens in the analysed samples thus 

points out to their fecal contamination by 

excreta of humans and/or animals, 

indicating less-than-ideal maintenance of 

hygiene.  

Antibiotic sensitivity test and 

determination of MDR-pattern 

The present study also provided an insight 

into the MDR-pattern (Figure 8) of the E. 

coli isolates found in 22 (84.61%) of a total 

of 26 khoa samples tested. 20 out of 22 of 

the E. coli isolates (90.90%) displayed an 

enormous resistance to ampicillin, 11 out of 
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22 of the E. coli isolates (50%) showed 

resistance to tetracycline, and 

the E. coli isolates (4.54

resistance to streptomycin (Table 

9). Thus, many of the E. coli isolates of this 

study turned out to be MDR strains against

at least two much used antibiotics 

ampicillin and tetracycline, whereas one 

displayed resistance against streptomycin

Therefore, the above data points to the fact 

that the drugs of choice for treating severe 

forms of diarrhea caused by such 

pathogenic strains of E. coli

preferably chloramphenicol

 

Figure 2: (a) Representative colonies of 
dilution); (b) Coagulase-positive (E) Staphylococcus

represents the results of three independent experimen
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(Table 7, Figure 

isolates of this 

study turned out to be MDR strains against 

two much used antibiotics - 

, whereas one 

displayed resistance against streptomycin. 

Therefore, the above data points to the fact 

that the drugs of choice for treating severe 

forms of diarrhea caused by such MDR-

E. coli would be 

preferably chloramphenicol (100% 

sensitivity) and streptomycin (95.45% 

sensitivity), whereas drugs like ampicillin 

and tetracycline must never be 

recommended as therapeutics 

Figure 9). This work thus provides 

knowledge about the appropriate treatment

regime that can be followed for patients 

suffering from such MDR

diarrhea, helping in their accurate and 

timely cure. Thus, a proper waste and drug 

management practice will not only take 

care of the public health, but will also help 

reduce the increasing incid

drug resistance. 
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Representative colonies of Staphylococcus spp. (including S. aureus) on a Baird-
Staphylococcus aureus and coagulase-negative (C) Staphylococcus 

the results of three independent experiments with identical results (n=3)
 
 

: Results of the standard biochemical tests for Staphylococcus 

O
xi

d
as

e 

C
at

al
as

e 

U
re

as
e 

ac
ti

vi
ty

 

M
an

n
it

ol
 f

er
m

en
ta

ti
on

 

H
2S

 p
ro

d
u

ct
io

n 

+ - + + + 

 

                 Research Article 
 

 
2143 

sensitivity) and streptomycin (95.45% 

sensitivity), whereas drugs like ampicillin 

and tetracycline must never be 

recommended as therapeutics (Table 7, 

work thus provides 

knowledge about the appropriate treatment-

llowed for patients 

suffering from such MDR-E. coli-mediated 

diarrhea, helping in their accurate and 

Thus, a proper waste and drug 

management practice will not only take 

care of the public health, but will also help 

reduce the increasing incidences of multi-
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Figure 3: Colonies typical of fecal-coliform (
independent experimen
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Table 3: Results of the standard biochemical tests for 

Fig. 6: Colonies typical of (a) Vibrio cholerae
picture represents the results of three independent experimen
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: Results of the standard biochemical tests for Salmonella spp. and Shigella 
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Shigella spp. 
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Figure 7: Representative bacterial c
(10-5 dilution). The picture represents the results of three independent 

Table 5: Microbial counts* of 26 khoa samples

* Each value represents the average of 3 determinations (n=3)
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Figure 8: Results of antibiotic sensitivity test for determination of MDR
The picture represents the results of three independent experimen

Table 7: Percentage of Sensitive (S) / Resistant (R) 

Figure 9: Graphical representation of 
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: Results of antibiotic sensitivity test for determination of MDR-pattern of the E. coli 
The picture represents the results of three independent experiments with identical results (n=3)

 
Table 7: Percentage of Sensitive (S) / Resistant (R) E. coli strains against the different antibiotics used
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animals, and a proper Pasteurization or 

boiling of milk are required before 

collection and distribution for khoa-

making.  

Since all these sweet-manufacturers and 

sellers have come to be accepted in Kolkata 

and its adjoining areas, in future, the health 

authorities may look into if they can be 

trained suitably in the relevant hygienic 

practices.  

Work should also be undertaken to 

determine if khoa supports the growth of 

other food-borne pathogens, so that the 

conditions of storage can be designed 

accordingly to limit how long the 

manufacturers can store the product after 

preparing. 

Also this work would epidemiologically be 

quite informative to the health-care 

officials, both from the Government and 

Non-Government sectors, which would ask 

them to restrict prescribing the most 

common medicines like ampicillin and 

tetracycline in cases of MDR E. coli-

mediated food poisoning, and either 

advocate other antibiotics commercially 

available in the market like 

chloramphenicol and streptomycin, or 

formulate newer strategies to combat the 

MDR-pathogens. This hopefully would 

help curb the number of swiftly rising cases 

of multi-drug resistance, at least in this part 

of the country. 

In future, the entire study should be 

repeated, as the microbial contamination 

profile of khoa and the MDR-patterns of 

the khoa-borne pathogens may tend to alter 

with changing socio-economic-

geographical conditions of the place of 

study. 
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