
 

                 Journal of Medical Microbiology 

                          and Infectious Diseases 

 

http://jommid.pasteur.ac.ir  J Med Microbiol Infect Dis, 2023; 11 (3): 200-212. 

ISSN: 2345-5349 

eISSN: 2345-5330  

Characterizing Lactic Acid Bacteria and Thermotolerant Coliforms in Spoiled 

Dairy Products from Bosnia and Herzegovina  

Berina Muhović1 , Nadia Islam1 , Murtaza M. Tambuwala2, 3 , Altijana Hromić-Jahjefendić1*  
1Department of Genetics and Bioengineering, International University of Sarajevo, Bosnia and Herzegovina;  

2Lincoln Medical School, Brayford Pool Campus, University of Lincoln, Lincoln LN6 7TS, UK;  
3College of Pharmacy, Ras Al Khaimah Medical and Health Sciences University, Ras Al Khaimah, United Arab 

Emirates 

A R T I C L E   I N F O A B S T R A C T 
 

Original Article 

 
Keywords: Lactic Acid Bacteria, 

Thermotolerant Coliforms, Salmonella 

spp., Dairy products, Spoilage, Shelf-life 

extension, Dairy processing, Bosnia and 

Herzegovina 

 
Received: 30 Aug. 2021 

Received in revised form: 15 Feb. 2024  

Accepted: 04 Feb. 2024  

DOI: 10.61186/JoMMID.11.4.200 

 

 

*Correspondence 

Email: ahromic@ius.edu.ba 
Tel: +38733957217  

Fax: +38733957100 

  

 

© The Author(s) 

 

Introduction: The rising foodborne disease outbreaks poses significant 

challenges to key objectives in food microbiology. This trend is primarily 

attributed to global population growth and intensified food production. A 

thorough microbiological assessment of end products is therefore crucial. 

Methods: We evaluated the bacterial presence and abundance in various 

dairy products (sour cream, cottage cheese, buttercream, cream cheese, 

pasteurized milk, protein-rich milk, and yogurt) sourced from a local 

supermarket in Bosnia and Herzegovina. Two enumeration methods (pour 

plating and most probable number) were employed alongside 

morphological, biochemical, and molecular analyses (Gram staining, 

oxidase test, catalase test, indole test, lipolytic activity assay, and RT-qPCR). 

Our focus was on spoilage-causing lactic acid bacteria (LAB), hygiene 

indicator thermotolerant coliforms (TC), and the foodborne pathogen 

Salmonella spp.  Results: Six out of seven dairy products harbored high 

levels of LAB, suggesting potential spoilage, with the exception of cottage 

cheese. Additionally, both TC and Escherichia coli exceeded acceptable 

microbial limits, particularly in pasteurized milk. Furthermore, initial tests 

detected presumptive Salmonella spp. in cream cheese, protein-rich milk, 

and yogurt. Conclusion: These results highlight the need for stringent 

sanitary practices during dairy production to extend product shelf-life and 

prevent premature spoilage from unwanted bacterial presence. Moreover, 

eliminating pathogen contamination during manufacturing is crucial to 

mitigate serious food safety risks, including potential food poisoning.  
 

 

INTRODUCTION 

Microbial examination is pivotal in food microbiology, 

addressing safety and quality concerns. This broad field 

leverages tools from molecular biology, genetics, 

biostatistics, and legal regulations to, for example, 

identify spoilage microorganisms, detect foodborne 

pathogens, and develop predictive models for shelf-life. 

Despite its diverse applications, the core objective of food 

microbiology remains unchanged: ensuring consumer 

safety. Ensuring food safety amidst rising global 

population presents a significant challenge. The 

escalating demand for food necessitates increased 

production, potentially compromising rigorous safety 

protocols. In this context, the need for an expedited food 

production to meet the requirements of a growing 

population may lead to reduced focus on safety of the end 

product [1-5].  

Bacteria play diverse roles in food, both beneficial (e.g., 

fermentation) and harmful (e.g., spoilage) [6, 8]. Careful 

monitoring and identification of these microorganisms are 

crucial, as some can significantly impact food quality and 

even pose health risks [9]. Spoilage-causing bacteria 

indicate potential issues in the manufacturing process, 

while indicator species, belonging to the same family as 

known pathogens, can signal potential contamination.  

Recent research has identified connections between 

different types of bacteria involved in food spoilage, 

including spoilage-causing bacteria like lactic acid 

bacteria (LAB), pathogenic indicator bacteria, and general 

quality indicators [10]. LAB can spoil food by fermenting 

carbohydrates, leading to undesirable changes in smell, 

texture, and color. These spoilage bacteria can serve as 
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indicators of manufacturing quality, alongside specific 

pathogenic indicator organisms [3].  

Thermotolerant coliforms, often referred to fecal 

coliforms, belong to the Enterobacteriaceae family. Their 

presence in food serves as a valuable indicator of hygiene 

practices during processing. Detecting fecal coliforms 

suggests potential fecal contamination and raises concerns 

about sanitary conditions, potentially increasing the risk 

of foodborne illness outbreaks. The presence of 

thermotolerant coliforms in food may also indicate the 

presence of specific pathogens like E. coli, as they are a 

subgroup of thermotolerant coliforms. Furthermore, this 

may suggest the presence of potentially pathogenic 

bacteria, increasing the risk of foodborne illness and 

potentially leading to severe human diseases such as 

diarrheal illness and hemolytic uremic syndrome [8, 10].  

This study hypothesizes that elevated levels of LAB 

and thermotolerant coliforms TC in dairy products might 

suggest suboptimal sanitary conditions and raise concerns 

about potential contributions to foodborne outbreaks [11].  

This study investigates the microbial communities of 

dairy, specifically targeting spoilage-causing lactic acid 

bacteria and indicator thermotolerant coliforms, alongside 

the presence of the foodborne pathogen Salmonella spp. 

(an index organism from Enterobacteriaceae). By 

quantitatively and qualitatively analyzing these 

organisms, we aim to gain valuable insights into the safety 

and quality of dairy products and identify potential 

shortcomings in associated manufacturing processes.  

 

MATERIAL AND METHODS 

Preparation of samples for analysis 

Acquisition and transport of the samples. Dairy 

products constitute a valuable source for food safety 

investigations due to their consumption by diverse 

population groups, ranging from infants to elderly, 

necessitating careful monitoring of consumer safety. As 

known harborers of LAB, dairy products also offer 

advantages in terms of sample homogenization. Seven 

different commercially available dairy product brands 

were chosen from a single supermarket chain in Sarajevo 

city. These included: pasteurized milk, sour cream, 

protein milk, cottage cheese, buttercream, yogurt, and 

cream cheese. For each product type, five individual 

products from the same batch were obtained. Products 

were transported to the laboratory within 15 min using 

insulated coolers or refrigerated transport boxes equipped 

with ice packs (-20 °C) or equivalent cooling agents 

maintaining temperatures below 5 °C to ensure 

appropriate temperature control. Upon arrival at the lab, 

samples were immediately transferred to a 4 °C 

refrigerator. On the product expiry date as labeled on the 

packaging, samples were analyzed. 

Preparation and homogenization of sample for 

analysis. For analysis, 10 g of sample weight was used for 

cream-like products (sour cream, cottage cheese, 

buttercream, cream cheese) and 10 ml of sample volume 

was used for liquid products (pasteurized milk, protein 

milk, and yogurt) in each case. Samples were 

homogenized to ensure a uniform suspension of 

microorganisms before further analysis [12]. The 

homogenization procedure depended on the 

characteristics of the product, including liquid products 

such as milk, yogurt, and protein milk, as well as cream-

like products like sour cream, cottage cheese, cream 

cheese, and buttercream. For liquid products, 

homogenization was achieved by vigorous shaking with 

sterile diluent for a standardized duration of 10-15 strokes. 

For cream-like products, samples were thoroughly 

scraped from the bottom of the package using a sterile 

spoon and then mixed using continuous figure-eight 

stirring motions for 5 min.  

Initial dilution procedure. After homogenization, 10 

g (or 10 mL) of sample was transferred aseptically into 

sterile containers using sterile pipettes for liquid products 

and sterile spoons for cream-like products. The initial 

dilution was prepared by homogenizing 10 g or mL of 

sample in 90 mL of BPW, which was the starting point. 

Following the addition of diluent, the sample was 

homogenized again by vigorous shaking for 2-3 min. For 

samples where high microbial loads were anticipated, a 

subsequent serial dilution series was prepared (10-1, 10-2, 

and10-3). [13]. Following dilution, flasks were incubated 

overnight in an orbital shaker at 37 °C and 170 rpm under 

microaerophilic conditions (less than 21% oxygen) to 

facilitate sufficient growth and even distribution of the 

targeted microbial groups for further analysis. 

Growth media. To enumerate LAB, complex medium 

de Man Rogosa & Sharpe (MRS) was used (Sigma 

Aldrich, St. Louis, MO, USA), Lauryl Sulphate (LST) 

broth for coliforms (tryptose 40g, lactose 10g, sodium 

chloride 10g, sodium lauryl sulfate 0.2 g, dipotassium 

hydrogen phosphate 5.5g, potassium dihydrogen 

phosphate 5.5g, Milli-Q water 1X), E. coli (EC) broth 

(tryptose 20g, potassium phosphate monobasic 1.5g, 

dipotassium hydrogen phosphate 4g, lactose 5g, sodium 

chloride 5g, bile salts 1.5g, reagent-grade water 1l) for 

thermotolerant coliforms, and Tryptone Broth for E. coli 

(tryptone 10g, sodium chloride 5g, reagent-grade water 

1l) [14, 15]. For lipolytic activity test, agar plates 

containing Tween 20 and Tween 80 were used (peptone 

10g, sodium chloride 5g, calcium chloride 0.1g, agar 15g, 

reagent-grade water 900 ml, supplemented with 1% 

Tween 20 or Tween 80) [16].  

Enumeration of bacteria. This study required an 

accurate method to quantify viable bacteria per gram of 

food sample. Numerous viable count techniques exist, 

each with advantages and limitations depending on the 

specific objectives of the study (e.g., targeting specific 

microbes, quantitative vs. qualitative assessment). Factors 

influencing method selection include microorganism type 

(aerobic, anaerobic), and the properties of culture media 

used (enrichment, selective, differential-selective) [17, 
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19]. This study employed two enumeration techniques: 

the pour plate and the most probable number (MNP). For 

LAB enumeration, the pour plate technique was used. An 

aliquot of 0.1 mL from each dilution was pipetted onto 

sterile Petri dishes. The plates were then poured with 

MRS agar and allowed to solidify. To create 

microaerophilic conditions for LAB, a second thin layer 

(2-3 mm) of MRS agar was carefully poured over the first 

layer after solidification. Plates were incubated at 37 °C 

for 48 h. Following incubation, only plates containing 

between 25 and 250 colonies were selected for further 

analysis. To enumerate thermotolerant coliforms and E. 

coli, the three-tube Most Probable Number (MPN) 

method was employed. This method comprises three 

consecutive tests: presumptive test in LST broth (35 oC, 

24 h), thermotolerant confirmative test in EC broth (45.5 
oC, 24 h) and E. coli confirmation test in Tryptone broth 

(35 °C, 24 h). Each tube was prepared with a 1:10 dilution 

of the sample in the specific medium appropriate for the 

corresponding test.  

Qualitative methods  

Morphological identification 

Gram staining. Gram staining was performed 

according to Hucker's Crystal Violet method [20] on five 

randomly selected bacterial colonies from the culture 

plate. Staining was initiated by flooding the smear with 

Hucker's crystal violet dye for 60 seconds. Following 

crystal violet staining, the slide was rinsed gently with 

sterile water to remove excess dye. Lugol's iodine solution 

(Gram's iodine) was then applied to the slide for 1 min and 

allowed to cover the entire smear. The slide was again 

rinsed gently with sterile water to remove excess Lugol's 

iodine. Decolorization was then performed by applying 

acetone-alcohol solution for 10-15 sec, using a gentle 

swishing motion or dipping the slide into a coplin jar 

containing the solution. Stop decolorization when no 

further purple dye runs off the smear. Procedure was 

continued by flooding the slide with safranin solution 

(safranin and 95% ethyl alcohol mixture) for 30 sec. The 

slide was then rinsed thoroughly with sterile water to 

remove excess counterstain. Microscopic examination 

was performed to observe the morphological 

characteristics and Gram staining reaction (Gram-

positive: purple; Gram-negative: pink) of each isolate.  

Oxidase test. Five representative isolates, randomly 

selected from MRS agar plates for LABand MacConkey 

agar plates for presumptive TC suspected to be E. coli, 

were tested for oxidase enzyme activity. As both LAB and 

presumptive TC can exhibit negative oxidase reactions, 

this test was employed to aid in differentiating between 

these genera and refine the presumptive identifications. 

The test was performed by placing a sterile filter paper 

disc onto a Petri dish containing Oxidase Kovacs Reagent. 

The filter paper was then moistened with a few drops of 

the reagent. Using glass rod, five representative isolates 

were transferred on the five different filter papers placed 

making a smear in the area where oxidase specific reagent 

was applied. The positive oxidase reaction involved the 

oxidized cytochrome oxidizing tetramethyl-p-

phenylenediamine (TMPD), resulting in a characteristic 

purplish-blue product [21] (Figure 1). This positive 

reaction was observed as a dark blue to violet color 

change within the first 15 sec. Conversely, a negative 

reaction displayed no color change within the same 

timeframe. Following the oxidase assay, positive 

reactions were indicated by a violet or dark blue 

coloration within the smear area, signifying the presence 

of oxidase enzyme. Conversely, negative reactions 

displayed no color change, suggesting the absence of the 

enzyme. 

 

Fig. 1. Mode of action of cytochrome oxidase [21] 

 

Catalase test. The catalase test detects the presence of 

catalase enzyme in bacteria, which aids in species 

identification and understanding their hydrogen peroxide 

tolerance. Catalase is a unique class of enzyme, distinct 

from other hydroperoxidases like peroxidase. Its primary 

role is to detoxify hydrogen peroxide (H2O2), which can 

otherwise accumulate and create a toxic environment for 

bacteria. This ability contributes to the bacteria's tolerance 

to oxidative stress. Several methods can be used to detect 

catalase in bacteria, including the slide catalase test, the 
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tube method, the capillary tube and cover slip method, and 

others. In this study, we employed the slide (drop) catalase 

test due to its advantages of speed, reliability, and the 

ability to directly use bacteria from agar plates. For the 

purpose of testing, a commercially available 3% hydrogen 

peroxide solution was utilized for the catalase test. This 

concentration facilitates visualization of the positive 

reaction, characterized by the formation of white bubbles. 

A sterile glass slide served as an ideal platform for 

observing this reaction due to its smooth, transparent 

surface. A sterile inoculation loop was used to transfer a 

small amount of inoculum from a single, previously 

isolated colony on an agar plate onto a sterile glass slide. 

To ensure safety and accommodate potential gas 

production, the glass slide was placed within an empty, 

sterile Petri dish. Two drops of 3% hydrogen peroxide 

were then added onto the bacterial smear on the slide. 

Observing rapid gas formation (white bubbles) within the 

first 5 seconds indicated a positive catalase reaction. 

Conversely, no gas evolution at any time signified a 

negative result [22]. For each bacterial isolate, three 

independent catalase tests were performed to verify the 

results and enhance reliability. 

Indole test. The indole test is a valuable biochemical 

tool for confirming E. coli identification. This test detects 

the ability of bacteria to break down tryptophan, 

producing indole as a byproduct. E. coli strains typically 

possess the enzyme tryptophanase, enabling them to 

perform this conversion, while many other bacterial 

species lack this enzymatic activity. The indole test relies 

on the enzyme tryptophanase, which catalyzes the 

breakdown of the amino acid tryptophan. This reaction 

produces indole, a compound that reacts with the added 

reagent to form a characteristic "cherry-red ring" at the top 

of the broth tube within the first 5 sec [23]. The 

characteristic "cherry-red" color observed in a positive 

indole test arises from the reaction between Indole Kovacs 

Reagent (containing p-dimethylaminobenzaldehyde) and 

indoxyl. Indoxyl is an intermediate compound formed 

during the enzymatic breakdown of tryptophan by 

tryptophanase [24].  

 

 

Fig. 2. Mode of action of Tryptophanase enzyme [24] 

 

This study employed the indole test to detect the 

presence of E. coli in samples based on its ability to break 

down tryptophan and produce indole. Bacterial isolates 

were incubated in Tryptophan Broth (10 g/L) at 35 °C for 

24-48 h. Afterwards, 0.5 mL of commercially available 

Kovacs Reagent was added to each culture tube. A 

positive indole test, indicating the presence of the 

tryptophanase enzyme, was characterized by a distinct 

cherry-red ring forming at the top of the broth within the 

first 10 sec after adding the reagent. Conversely, a 

negative result, signifying the absence of tryptophanase, 

appeared as a yellow, cloudy ring. Both positive and 

negative reactions were visually assessed and documented 

before interpreting the results in conjunction with the 

Most Probable Number (MPN) enumeration method [25]. 

Lipolytic activity assay. The lipolytic activity assay 

was employed to assess the ability of isolated colonies to 

produce enzymes capable of causing spoilage in 

fermented dairy products [26]. This assay is becoming 

increasingly relevant in the biotechnology industry, 

particularly for applications involving lipases [27]. 

Lipases are enzymes known for their ability to break down 

triacylglycerols (fats) into simpler molecules like 

diglycerides and fatty acids, as illustrated in Figure 3.  

 

 
Fig. 3. Mode of action of Lipase enzyme [27]. 

 

Isolated colonies were subcultured aseptically in 

nutrient broth (NB; 3 g/L beef extract, 5 g/L peptone) 

overnight, incubating for at least 12 h at their optimal 

growth temperatures [28]. 0.1 mL of each isolate culture 

was aseptically transferred onto separate plates containing 

1% Tween 20 agar and 1% Tween 80 agar. The plates 

 [
 D

O
I:

 1
0.

61
18

6/
Jo

M
M

ID
.1

1.
4.

20
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
07

 ]
 

                             4 / 13

http://dx.doi.org/10.61186/JoMMID.11.4.200
https://jommid.pasteur.ac.ir/article-1-592-en.html


Isolation and identification of LAB and TC 

J Med Microbiol Infect Dis 204 2023 Vol. 11 No. 4 
 

were then incubated for at least 12 h at 35 °C under sterile 

conditions. Lipolytic activity was observed as the 

formation of non-transparent, circular zones with  𝐶𝑎2+ 

crystals surrounding the colonies [22]. Lipolytic activity 

was assessed after 5 days of incubation at 35 °C. The 

diameter of the newly formed non-transparent zone 

surrounding each colony was measured and used to 

calculate an enzymatic index (EI) using the following 

formula:  

EI =
diameter of hydrolysis zone (mm)

diameter of colony (mm)
 

Lipolytic activity was categorized as positive if crystals 

were observed forming around the colonies, indicating 

enzymatic breakdown of the agar substrate. Conversely, 

colonies lacking surrounding crystals were categorized as 

negative, suggesting no lipolytic activity. 

Molecular conformation of isolates. RT-qPCR assays 

offer versatile applications, including identifying specific 

bacteria, quantifying their presence, or simply detecting 

their existence within a target group. However, DNA 

extraction from food samples is a crucial first step before 

performing these assays. To enhance the efficiency of 

DNA extraction kits and improve bacterial detection 

sensitivity, food samples were enriched in 0.1% Buffered 

Peptone Water (BPW) prior to DNA extraction. The 

enrichment step involved static incubation (without 

shaking) at 37 °C for 16 h (overnight) [27, 28]. Following 

the protocol outlined in Table 1, a 5 μL aliquot of the 

enriched sample was mixed with 200 μL of the lysis 

solution containing lysis buffer, proteinase K, and 

nuclease-free water. 

 
Table 1. Thermal cycler settings for preparing lysate from the samples. 

Temperature Time 

55°C 30 min 

95°C 10 min 

4°C ∞ 

 
 Following DNA extraction from the enriched samples, 

the next step was to prepare qPCR reactions for the 96-

well plate. We opted for the lyophilized assay bead 

method over the liquid assay. Lyophilized assay beads 

offer several advantages for preparing qPCR reactions. 

These kits pre-assemble all necessary components 

directly within the PCR tube, simplifying setup and 

reducing potential errors. Additionally, they utilize 

conserved bacterial DNA regions, such as 16s and 23s 

rRNA genes, ensuring broader target coverage within the 

chosen species. As an example, we employed the 

TaqMan™ E. coli spp Assay Beads and MicroSEQ™ 

Salmonella spp. Detection Kit in this study. Each qPCR 

reaction required 30 μL of the previously prepared DNA 

material. This volume was carefully added to individual 

reaction tubes within the 96-well plate base. Following 

addition, the plate was vortexed briefly and centrifuged to 

ensure thorough mixing and eliminate air bubbles. 

Finally, the tubes were securely capped and loaded onto 

the RT-qPCR machine, programmed with the specific 

settings outlined in Table 2. 

 
Table 2. Thermal cycler settings used in the process of specific bacteria detection. 

  Stage Stage 1 

(enzyme activation) 

Stage 2 (PCR) 

Repetition 1 (Hold) 40 cycles 

Temperature 95 °C 95 °C 60 °C 

Time 2 min 3 sec 30 sec 

 

The RT-qPCR molecular method was employed as a 

confirmatory technique to verify the presence of specific 

bacteria identified through previous methods. The Ct 

values obtained from the qPCR reactions served as the 

basis for interpreting the results. Samples with Ct values 

below 35 were considered positive for the target bacteria, 

aligning with the manufacturers' instructions for the 

utilized kits.  

Statistical analysis. Student t-tests were employed in 

all statistical analyses. The level of significance (p-value) 

was set at 0.05, with P<0.05 considered statistically 

significant, indicating evidence against the null 

hypothesis. 

Mean values used in calculations represent the averages 

derived from three independent experiments. Each 

individual experiment batch additionally contained three 

technical replicates, ensuring robustness and reliability in 

the data collection enhancing the reproducibility of the 

study's analyses. 

 

RESULTS 

Enumeration of viable LAB. The total viable LAB in 

food samples were enumerated using direct colony 

counting on MRS agar plates. LAB abundance varied 

considerably, ranging from 2.5E+02 CFU/g to 2.4E+06 

CFU/g. The distribution of LAB across different dairy 

products is illustrated in Figure 4, with values expressed 
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in 𝑙𝑜𝑔10. Amongst the dairy products analyzed, 

pasteurized milk exhibited the highest LAB count 

(1.69E+06 CFU/g, P<0.05), significantly exceeding the 

recommended optimal level for non-spoiled food 

(>1E+03 CFU/g). Similarly, elevated LAB levels were 

observed in buttercream (1.4E+05 CFU/g), surpassing the 

established safe limit (<1E+03 CFU/g). Cottage cheese 

displayed lower LAB (6.1E+02 CFU/g), fitting 

uncontaminated food's range (<1E+03 CFU/g) for this 

product. Student's t-tests was used in all statistical 

analysis. 

 

 

 

 

 

 

 

 

Fig. 4. Total viable count of LAB in dairy food samples. The box plot shows the total viable count of LAB across seven different 

dairy products with the average value for each sample (dash line). The upper and lower whiskers depict the maximum and minimum 

𝑙𝑜𝑔10 CFU/g number calculated for LAB isolates.  

 

 

 
Fig. 5. Representation of LAB colonies on MRS agar plate (right) and microscopic image of a representative isolate after Gram 

Staining (left). Colonies appeared to have a dark green color, approximately 3-5 mm in diameter size. An optical microscopy image 

of one isolated from the same sample represented here was recorded using 40x magnification. 

 

Morphological identification of LAB. Gram staining 

was assessed for isolates grown on MRS agar plates, 

following previously described methods. Colony sizes 

varied across the different samples, ranging from 0.5 to 2 

cm in diameter. Gram staining was performed on a 

selection of colonies from each sample, and all seven 

samples yielded positive (+) reactions. Microscopic 

examination of Gram-stained colonies revealed a 

characteristically violet coloration (Figure 5). Table 3 

summarizes detailed information for one representative 
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isolate from each sample, including their consistent 

Gram-positive staining results. Notably, despite minor 

variations such as the presence of short chains, most 

isolates displayed similar morphological features under 

40x magnification, appearing predominantly rod-shaped. 

 

Table 3. Overview of representative isolates of LAB after Gram staining procedure. 

 
ID number of 

isolate 
Food sample Medium Color 

Gram stain 

reaction 

T
o

ta
l:

 6
3

 

is
o
la

te
s 

LAB1_S1  Sample 1 MRS Purple + 

LAB3_S2 Sample 2 MRS Purple + 
LAB2_S3 Sample 3 MRS Purple + 

LAB2_S4 Sample 4 MRS Purple + 

LAB2_S5 Sample 5 MRS Purple + 
LAB2_S6 Sample 6 MRS Purple + 

LAB1_S7 Sample 7 MRS Purple + 

 

Biochemical identification of LAB. Sixty-three 

isolated LAB underwent screening with oxidase and 

catalase tests. Additionally, their growth ability at 35 °C 

± 2°C and pH 5.5 ± 0.2 was assessed. All isolates 

displayed negative reactions (-) in both oxidase and 

catalase tests, indicating their likely non-aerobic and non-

hydrogen peroxide-producing nature. 

 
Table 4. Results obtained from catalase and oxidase biochemical identification tests 

 Catalase Oxidase Growth at 35 ± 2.0 Growth at pH 5.5 ± 0.2 

LAB1_S1 - - + + 

LAB3_S2 - - + + 
LAB2_S3 - - + + 

LAB2_S4 - - + + 

LAB2_S5 - - + + 
LAB2_S6 - - + + 

LAB1_S7 - - + + 

 

 
Fig. 6. Overall representation of percentage for confirmed thermotolerant coliforms and E. coli spp. tests in comparison to 

presumptive test results. Blue bars represent the percentage of positive tubes recorded by gas production and growth observed. The 

yellow color of the bars indicates the percentage of tubes in which turbidity was observed due to the growth of the bacteria rather 

than gas production. 
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Enumeration of thermotolerant coliforms isolates. 

The MPN method [31] revealed significant E. coli 

presence in all tested food samples. Using LST broth, a 

presumptive test indicated 95% gas production across 

samples, suggestive of thermotolerant coliforms. 

Subsequent confirmation with EC broth yielded positive 

results in 90% of cases. Protein-rich milk exhibited a 

statistically non-significant reduction in gas production 

(70% decrease) compared to the control (P > 0.05). In 

contrast, yogurt showed a significant reduction (64%) in 

gas production (P < 0.05). Further confirmation using EC 

broth successfully identified Enterobacteriaceae and 

displayed a strong correlation between confirmed 

Enterobacteriaceae counts and true-positive E. coli. Both 

protein-rich milk and yogurt showed significantly lower 

counts of presumptive E. coli in Tryptophan tubes 

compared to the control, suggesting the presence of other 

Enterobacteriaceae species (Figure 6). However, 

confirmation of true E. coli using additional tests revealed 

good overlap with the initial presumptive results, with 

81% confirmed as true E. coli. 

Quantitative analysis of both total coliforms (TC) and 

E. coli in dairy products revealed levels exceeding 

established microbial criteria limits (P < 0.05). 

Pasteurized milk exhibited the highest prevalence, with a 

most probable number (MPN) of 1100 per milliliter and a 

standard error of the mean (SE) of ± 0.29 (Figure 7). This 

value was significantly higher than those observed in 

other samples (P < 0.05). Both cream cheese and 

buttercream also showed high density, with average of 2 

𝑙𝑜𝑔10 MPN ± 0.96 SE and 2.42 𝑙𝑜𝑔10 MPN ± 0.9 SE. TC 

and E. coli in these samples fit within 4800 MPN/g to 4.3 

MPN/g range for upper and lower 95% confidence limits, 

or 3.68 to 0.63 MPN/g on 𝑙𝑜𝑔10 scale.   
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Fig. 7. Box plot representation of overall density distribution of thermotolerant coliforms and E. coli spp. in food samples. Whiskers 

depict the upper and lower 95% confidence interval expressed in 𝑙𝑜𝑔10 MPN/g number. 

 

The presence of E. coli spp. in food samples was 

investigated using Tryptophan broth medium. This 

analysis included pasteurized milk, protein milk, and 

yogurt (Figure 8). Results revealed the pasteurized milk 

sample to have the highest density distribution of E. coli 

spp. at 3.04 𝑙𝑜𝑔10 MPN ± 0.43 SE, compared to the other 

samples as well as the average number for the allowed 

amount of E. coli spp. throughout different dairy food 

samples. In contrast, protein milk and yogurt samples 

displayed a lower density of E. coli spp., with average 

values falling within the marginal range allowed for this 

bacterial group in food samples; the respective mean 

values for protein milk and yogurt were 0.78 𝑙𝑜𝑔10 MPN 

± 0.49 SE and 0.62 𝑙𝑜𝑔10 MPN ± 0.51 SE. 

Morphological identification of thermotolerant 

coliforms isolates. Further identification of the 

thermotolerant coliforms involved isolating pure cultures 

from EC broth onto MacConkey agar. Visual inspection 

revealed two distinct colony morphologies suggestive of 

Enterobacteriaceae: confirmed E. coli (3mm diameter, 

pink colonies) and potential Salmonella spp. (1mm 

diameter, white colonies). E. coli ferments lactose present 
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in the agar, resulting in the characteristic pink coloration, 

while presumed Salmonella spp. do not ferment lactose, 

leading to white colonies. Both colony types displayed 

Gram-negative staining (pink coloration), confirming 

their membership within the Enterobacteriaceae family. 

Microscopic examination further confirmed the presence 

of rod-shaped bacteria (Figure 9). 
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Fig. 8. Prevalence of E. coli spp. in dairy food products using the confirmative testing from Tryptophan broth medium. 

 

 
Fig. 9. Isolated E. coli pure colonies on MacConkey agar (left) as a confirmed thermotolerant coliform and member of the 

Enterobacteriaceae family. Optical microscopy picture of rod-shaped E. coli isolates (right), showing Gram-negative reaction (40x). 
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Table 5. Type of agar medium. Representation of positive (+) or negative (-) lipolytic reaction in respective agar medium for E. coli 

spp. and Salmonella spp. isolates. Lipolytic activity is additionally expressed as an enzymatic activity (EI) value. 

  Tween 20 Tween 80 

  Lipolytic activity EI Lipolytic activity EI 

Type of isolate 
E. coli + + + + + + + 0.4 + + + + + + + 0.8 

Presumptive Salmonella spp. - - - - - - - 0.9 - - - - + - + 1.2 

 

Biochemical identification of thermotolerant 

coliforms isolates and presumptive pathogen. 

Biochemical tests confirmed the presence of both E. coli 

and presumptive Salmonella spp. Representative E. coli 

colonies tested negative for both catalase and oxidase 

enzymes. Similarly, presumed Salmonella spp. displayed 

negative results for these tests. Further analysis using 

Tryptophan broth and indole testing yielded positive 

results for E. coli in 81% of cases, indicated by a distinct 

red layer (1 cm thick) at the top of the broth. The 

remaining 19% of isolates, while showing growth, 

lacked gas production and exhibited a yellow layer (1 cm 

thick) upon indole testing, suggesting further 

investigation is needed. 

Lipolytic activity of E. coli spp. and presumptive 

Salmonella spp. The lipolytic activity of isolated TC E. 

coli and presumptive Salmonella spp. was assessed by 

evaluating the formation and size of calcium opaque 

zones around their colonies. Following subculture in 

nutrient broth, isolates from MacConkey agar were 

screened on both Tween 20 and Tween 80 agar plates. 

While most E. coli isolates exhibited positive lipolytic 

reactions on both media, the zones they formed were 

smaller (<1 cm) and lacked transparency, resulting in a 

relatively low average Enzyme Index (EI) of 0.6 across 

all E. coli samples. 

Presumptive Salmonella spp. isolates from protein-rich 

milk and yogurt samples displayed positive lipolytic 

activity. Interestingly, they showed higher EI values on 

Tween 80 agar plates compared to Tween 20. The highest 

EI, reaching 1.2, was obtained for the yogurt sample, 

suggesting more pronounced lipolytic activity in that 

isolate. Conversely, isolates demonstrated lower EI values 

on Tween 20 agar plates. 

E. coli spp. and presumptive Salmonella spp. 

conformation by RT-qPCR. RT-qPCR was used to 

confirm the presence of indicator bacteria detected 

through culture-based methods, specifically E. coli spp. 

and Salmonella spp. Employing a commercially available 

kit for E. coli detection in food, all samples yielded Ct 

values ranging from 17.8 to 20.8, falling within the 

established cut-off for positive detection (+). Applying the 

commercially available kit for Salmonella spp. detection 

in food yielded mostly negative results (>35 Ct or 

"undetermined"), signifying the absence of presumptive 

Salmonella spp. However, three out of seven dairy 

samples (cream cheese, protein milk, and yogurt) 

exhibited detectable Ct values (Table 6). Successful 

detection (+) was assigned based on averaging Ct values 

from three independent experiments for each positive 

sample. 

 
Table 6. Molecular detection of indicator bacteria from dairy food samples. Successful detection is denoted as a plus sign (Ct<35) 

whereas not detected bacteria from food samples was interpreted as a minus sign (Ct>35). 

  Sample name 

  Pasteurized 

milk 
Cottage cheese Cream cheese 

Butter-

cream 

Milk 

protein 

Sour 

cream 
Yogurt 

Type of 

detection 
assay kit 

E. coli + + + + + + + 

Salmonella 
spp. 

- - + - + - + 

 

DISCUSSION 

This study investigated the bacterial composition and 

food safety of dairy products using both qualitative and 

quantitative methods. Our primary focus was to assess the 

abundance of lactic acid bacteria (LAB) as well as 

thermotolerant coliforms and E. coli, which serve as 

indicators of spoilage and contamination, respectively. 

Six out of seven dairy product samples displayed 

elevated levels of LAB compared to typical ranges for 

these products (>1E+03 CFU/g). Only cottage cheese and, 

to a lesser extent, cream cheese, fell within the expected 

range. Notably, the milk sample possessed the highest 

LAB count, suggesting potential contamination from 

cows or insufficient starter culture incorporation during 

processing. Elevated LAB levels can pose food safety 

concerns, depending on the specific LAB species present 

and their associated metabolic activities.  

Biochemical identification and morphological analysis 

of the isolated LAB identified their potential role in dairy 

spoilage [7]. The isolates displayed typical characteristics 

of LAB, being Gram-positive, oxidase-negative, catalase-

negative, and rod-shaped. 

The growth and distribution of microorganisms in food 

are heavily influenced by water activity (Aw). Bacteria 

typically thrive in environments with Aw values above 

0.95, where water is readily available for their needs. 

Consequently, reducing the water content of dairy 

products is a potential strategy for limiting or controlling 

the spoilage rate. This approach targets both pathogenic 

and spoilage organisms by restricting their access to the 
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water they require for growth and proliferation. 

Lactobacillus spp., often used in fermentation, are 

typically found in high-water-content products like liquid 

samples, where they can easily distribute and metabolize. 

However, our study observed permissible levels of LAB 

in butter, despite its lower water content.  

LAB found in dairy products are versatile organisms, 

able to survive with or without oxygen (facultative 

anaerobes). Their primary metabolic pathway ferments 

glucose into lactic acid (homofermentative), producing 

two molecules per molecule of glucose. This acidic 

environment, with a pH below 62-65 °C, effectively 

inhibits the growth of many harmful bacteria, including 

pathogens [32]. However, their thermoduric nature allows 

them to survive pasteurization at these temperatures, 

potentially leading to spoilage reactions [32]. 

Morphological and biochemical analysis suggested the 

presence of pathogenic bacteria, including presumptive 

Salmonella spp. This aligns with research indicating that 

such indicator organisms within the Enterobacteriaceae 

family often signal the potential coexistence of true 

pathogens [15, 33].  

While this study primarily investigated broader 

relationships between established microbial indicators, 

indices, and spoilage bacteria, it is noteworthy that 

pathogenic species like presumptive Salmonella spp. 

require further confirmation. This highlights the need for 

more comprehensive research using methods like 

serotyping to provide definitive identification. 

While the detected levels of presumptive Salmonella 

spp. may not pose an immediate health threat, their 

presence highlights the need for potential adjustments in 

food manufacturing practices [34]. The presence of these 

bacteria often indicates less-than-optimal sanitation or 

hygiene during dairy production, which should be 

addressed to ensure product safety and consumer 

confidence. While most processing equipment in dairy 

production is made of stainless steel, the presence of 

rubber components introduces a crucial risk factor for 

contamination [15]. Even a single bacterium remaining in 

these susceptible zones can lead to significant spoilage 

and indicator-positive results in final products [15]. 

As previously discussed, LAB can create a highly 

acidic environment in food due to their homofermentative 

metabolism. This acidic environment inhibits the growth 

of undesirable microorganisms like thermotolerant 

coliforms, E. coli, and Salmonella spp., acting as a natural 

antagonist against them. Despite the expectation that LAB 

would suppress thermotolerant coliforms like E. coli and 

Salmonella spp. [35, 36], this study observed limited 

inhibitory effects. This could be attributed to complex 

interactions between microbial communities within the 

food ecosystem, the presence of components buffering the 

acidic environment, and the potential adaptation of 

pathogenic strains to acidic conditions [35, 37-40].  

While our study aimed to provide a broad overview of 

unique dairy products from Bosnia and Herzegovina 

sourced from a single supermarket, we acknowledge its 

scope as a limitation. For a more comprehensive analysis, 

incorporating products from various market chains and a 

larger sample size would be imperative. 

In conclusion, this study has provided a systematic 

examination of the bacterial composition as well as the 

food safety of dairy products. Results gained from this 

study imply that the dairy food products possess a possible 

food safety risk and raise concerns regarding hygiene in 

dairy production, requiring further confirmation and 

readjustments in manufacturing practices. In addition to 

these findings, this study serves as a good starting point 

for further research regarding the safety of dairy products 

in Bosnia and Herzegovina. 

 

ACKNOWLEDGEMENT 

We express our sincere gratitude to the International 

University of Sarajevo for their generous funding and 

invaluable assistance with our project. Their support was 

instrumental in enabling us to conduct this research and 

played a critical role in its successful completion. We are 

deeply thankful for the University's unwavering 

commitment to fostering academic excellence and 

advancing research initiatives. 

 

CONFLICT OF INTEREST 

The authors declare that there are no conflicts of interest 

associated with this manuscript. 

 

REFERENCES 

1. Coutts AM. Review and discussion of the body’s normal 

microorganisms. Br J Nurs. 2006; 15 (16): 864-8. 

2. G Greub, C Holliger, D Sanglard, J Schrenzel, V Thiel, P 

Viollier. The Swiss Society of Microbiology: Small Bugs, Big 

Questions and Cool Answers. CHIMIA. 2016; 70 (12): 874-7. 

3. E Ruiz de Gopegui Bordes, M del Remedio Guna Serrano, N 

Orta Mira, M Rosario Ovies, M Poveda, C. Gimeno Cardona, 

Análisis de resultados del Programa Externo de Control de 

Calidad SEIMC. Año 2010. Enfermedades Infecc Microbiol 

Clínica. 2011; 29 (5): 1-7. 

4. J Wang, RA Barke, J Ma, R Charboneau, S Roy, Opiate abuse, 

innate immunity, and bacterial infectious diseases.  Arch 

Immunol Ther Exp. (Warsz.). 2008; 56 (5): 299-309. 

5. Bintsis T. Microbial pollution and food safety. AIMS 

Microbiol. 2018; 4 (3): 377-396. 

6. S Brul. Preservative agents in foods Mode of action and 

microbial resistance mechanisms. Int J Food Microbiol. 1999; 

50 (1-2): 1-17.    

7. Chandan RC. Enhancing Market Value of Milk by Adding 

Cultures. J Dairy Sci. 1999; 82 (10): 2245-56. 

8. NH Martin, A Trmčić, T-H Hsieh, KJ Boor, M Wiedmann. 

The Evolving Role of Coliforms As Indicators of Unhygienic 

Processing Conditions in Dairy Foods. Front Microbiol. 2016; 

7: 1549.

 [
 D

O
I:

 1
0.

61
18

6/
Jo

M
M

ID
.1

1.
4.

20
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
07

 ]
 

                            11 / 13

http://dx.doi.org/10.61186/JoMMID.11.4.200
https://jommid.pasteur.ac.ir/article-1-592-en.html


Muhović et al. 

J Med Microbiol Infect Dis 211 2023 Vol. 11 No. 4 
 

9. TM Cogan, TP Beresford, J Steele, J Broadbent, NP Shah, Z 

Ustunol. Invited Review: Advances in Starter Cultures and 

Cultured Foods. J Dairy Sci. 2007; 90 (9): 4005-21.  

10. P. D. Cotter, C. Hill, and R. P. Ross, Bacteriocins: 

developing innate immunity for food. Nat Rev Microbiol. 2005, 

vol. 3, no. 10, pp. 777–788. 

11. R Souad, HT Mossadak, B Leila. Assessing hygiene 

indicators in two dairies in Algeria in producing pasteurized 

milk. Vet World. 2021; 14 (9): 2317-24.  

12. MG Wacker, C Janas, FS Ferreira, FP Vieira. Manufacturing 

and Safety Guidelines for Manufactured Functionalized 

Nanomaterials in Pharmaceutics. Biomed Appl Functional 

Nanomater. 2018; 623-51.  

13. CL Baylis, S MacPhee, R P Betts. Comparison of two 

commercial preparations of buffered peptone water for the 

recovery and growth of Salmonella bacteria from foods: 

comparison of bpw for Salmonella. J Appl Microbiol. 2000; 89 

(3): 501-10.  

14. The science of food security | npj Science of Food. Accessed: 

Feb. 18, 2023. [Online]. Available: 

https://www.nature.com/articles/s41538-018-0021-9 

15. D Wessels, PJ Jooste, JF Mostert. Psychrotrophic, 

proteolytic and lipolytic properties of Enterobacteriaceae 

isolated from milk and dairy products. Int J Food Microbiol. 

1989; 9 (1): 79-83.  

16. The shelf-life of dairy products: 1. Factors influencing raw 

milk and fresh products. Accessed: Feb. 18, 2023. [Online]. 

Available: 

https://www.researchgate.net/publication/229562776_The_shel

f-

life_of_dairy_products_1_Factors_influencing_raw_milk_and_

fresh_products 

17. CT Butterfield. Comparison of the Enumeration of Bacteria 

by Means of Solid and Liquid Media. Public Health Rep. 1933; 

48 (42): 1292.  

18. Davis C. Enumeration of probiotic strains: Review of 

culture-dependent and alternative techniques to quantify viable 

bacteria. J Microbiol Methods. 2014; 103: 9-17. 

19. H Naghili, H Tajik, K Mardani, SM Razavi Rouhani, A 

Ehsani, P Zare. Validation of drop plate technique for bacterial 

enumeration by parametric and nonparametric tests. Vet Res 

Forum. 2013; 4 (3): 179-83.  

20. RB Moyes, J Reynolds, DP Breakwell. Differential Staining 

of Bacteria: Gram Stain. Curr Protoc Microbiol. 2009; 15 (1). 

21. Estimating probability distributions of bacterial 

concentrations in food based on data generated using the most 

probable number (MPN) method for use in risk assessment | 

Request PDF. Accessed: Feb. 19, 2023. [Online]. Available: 

https://www.researchgate.net/publication/257398792_Estimati

ng_probability_distributions_of_bacterial_concentrations_in_f

ood_based_on_data_generated_using_the_most_probable_num

ber_MPN_method_for_use_in_risk_assessment 

22. Catalase production and sensitiveness to hydrogen peroxide 

amongst bacteria: With a scheme of classification based on these 

properties. Accessed: Feb. 18, 2023. [Online]. Available: 

https://www.researchgate.net/publication/229753940_Catalase

_production_and_sensitiveness_to_hydrogen_peroxide_among

st_bacteria_With_a_scheme_of_classification_based_on_these

_properties 

23. Biochemical tests for identification of medical bacteria - 

Ghent University Library. Accessed: Feb. 18, 2023. [Online]. 

Available: https://lib.ugent.be/en/catalog/rug01:000694128 

24. B Remenant, E Jaffrès, X Dousset, M-F Pilet, M Zagorec. 

Bacterial spoilers of food: Behavior, fitness and functional 

properties. Food Microbiol. 2015; 45 (Pt A): 45-53. 

25. S. Roller, Physiology of food spoilage organisms, Int J Food 

Microbiol. 1999, vol. 50, no. 1–2, pp. 151–153. 

26. EG Dudley. Food Microbiology: Fundamentals and 

Frontiers, 5th Edition. Emerg Infect Dis. 2022; 28 (1): 267. 

27. A Rompré, P Servais, J Baudart, M-R de-Roubin, P Laurent. 

Detection and enumeration of coliforms in drinking water: 

current methods and emerging approaches. J Microbiol 

Methods. 2002; 49 (1): 31-54. 

28. L Ramnath, B Sithole, R Govinden. Identification of 

lipolytic enzymes isolated from bacteria indigenous to 

Eucalyptus wood species for application in the pulping industry. 

Biotechnol Rep. 2017; 15: 114-124. 

29. A Viet-Phuong Le, D Huang, T Blick, EW Thompson, A 

Dobrovic. An optimised direct lysis method for gene expression 

studies on low cell numbers.  Sci Rep. 2015; 5 (1): 12859. 

30. Craig N, Fletcher SL, Daniels A, Vewman C, O'Shea M, Tan 

WS, et al. Direct Lysis RT-qPCR of SARS-CoV-2 in Cell 

Culture Supernatant Allows for Fast and Accurate 

Quantification. Viruses. 2022; 14 (3): 508. 

31. JCF Pantoja, DJ Reinemann, PL Ruegg. Factors associated 

with coliform count in unpasteurized bulk milk. J Dairy Sci. 

2011; 94 (6): 2680-91.  

32. Pacheco DO, Bairros JV, Passos LDF, Buchweitz MRD, 

Rodrigues KL, Helbig E, et al. Total and Thermo-Tolerant 

Coliforms, Salmonella spp., Escherichia coli, Pseudomonas spp 

and Listeria monocytogenes in Broilers Chicken Meat 

Processing Chain in Southern Brazil. J Food Nutr Res. 2017; 5 

(11): 867-73.  

33. Principles of Modern Microbiology: 9780763710750.” 

Accessed: Feb. 20, 2023. [Online]. Available: 

https://www.jblearning.com/catalog/productdetails/978076371

0750 

34. H Yue, B Zhang, X Zhu, H Zhang, C Tang. Comparison of 

Culture Methods for Isolation of Salmonella in Yak Fecal 

Samples. Indian J Microbiol. 2014; 54 (2): 223-6.  

35. B Zhang, Y Wang, Z Tan, Z Li, Z Jiao, Q Huang. Screening 

of Probiotic Activities of Lactobacilli Strains Isolated from 

Traditional Tibetan Qula, A Raw Yak Milk Cheese. Asian-

Australas J Anim Sci. 2016; 29 (10): 1490-9.  

36. J Park, J Kim, K Kim. Acid resistance and acid adaptation 

responses of foodborne Escherichia coli isolates. J Food Saf. 

2017; 37 (4): e12352. 

37. Muller A, Schader C, Scialabba NE, Brüggemann J, Isensee 

A, Erb K, et al. Strategies for feeding the world more sustainably 

with organic agriculture. Nat Commun. 2017; 8 (1): 1290. 

38. Environmental impact of food equity | Nature Human 

Behaviour. Accessed: Feb. 20, 2023. [Online]. Available: 

https://www.nature.com/articles/s41562-019-0773-5.

 [
 D

O
I:

 1
0.

61
18

6/
Jo

M
M

ID
.1

1.
4.

20
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
07

 ]
 

                            12 / 13

http://dx.doi.org/10.61186/JoMMID.11.4.200
https://jommid.pasteur.ac.ir/article-1-592-en.html


Isolation and identification of LAB and TC 

J Med Microbiol Infect Dis 212 2023 Vol. 11 No. 4 
 

39. R. J. Blodgett, Measuring improbability of outcomes from a 

serial dilution test. Commun Stat. - Theory Methods. 2002; 31 

(12): 2209-23. 

40. JP Audia, CC Webb, JW Foster. Breaking through the acid 

barrier: An orchestrated response to proton stress by enteric 

bacteria. Int J Med Microbiol. 2001; 291; (2): 97-106. 

Cite this article: 

Muhović B, Islam N, Tambuwala MM, Hromić-Jahjefendić A. Characterizing Lactic Acid Bacteria and Thermotolerant 

Coliforms in Spoiled Dairy Products from Bosnia and Herzegovina. J Med Microbiol Infect Dis, 2023; 11 (3): 200-212. 

DOI: 10.61186/JoMMID.11.4.200. 

 

 [
 D

O
I:

 1
0.

61
18

6/
Jo

M
M

ID
.1

1.
4.

20
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
07

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.61186/JoMMID.11.4.200
https://jommid.pasteur.ac.ir/article-1-592-en.html
http://www.tcpdf.org

