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Abstract 
Milk and milk-products represent the main basic nutritional healthy food in the human diet; however, milk 

is also a favorable source of microbial infection for human health when milk and milk products are 

consumed without applying hygiene milk practices methods such as pasteurization and other effective 

methods to avoid contamination risk. The presence of microorganisms in milk could result in spoilage and 

severe diseases to humans. Several recent preservation systems such as heating, refrigeration, and the 

addition of safe antimicrobial compounds can be used to reduce the risk of outbreaks of dairy product 

poisoning. Proper food control programs must be implemented in all countries around the world to ensure 

the safety of food and dairy products. Investigators reported the importance of applying effective hygiene 

practices during milking and handling of raw milk to reduce the risk of contamination on the farm and in 

the milk processing plant in the industry. 
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1. Introduction 
  
The control and disposal of contaminated and undesirable 
microorganisms in dairy and veterinary industries are very 
important in determining the quality of their final products (Pal, 
2014). In dairy products some beneficial species of 
microorganisms are required for the production process of 
many dairy products such as Yogurt and cheese making 
(Settanni and Moschetti, 2010; Singh et al., 2016). These 
include the conversion of milk constituents by enzymes of 
various species to attain the desirable flavor, taste, aroma, 
ripening and texture of these dairy products (McSweeney et al., 
1997Ayad et al., 2001). Buttermilk and Yogurt are examples of 
fermented milk products depending mainly on characteristic 
microflora that is responsible for their flavor and texture (Ali et 
al., 1995). On the other hand microbes are undesirable in milk 
and their products causing disease. To ensure the safety of dairy 
products to consumers scientists should checked for 
decolorization, rancidity, ropiness, putrefaction, gassiness and 
many other defects that caused by different harmful 
microorganisms (Garcha, 2018). In this connection, many 
hygienic milk practices such as pasteurization, storage, handling, 
transport and distribution before consumption have greatly 
decreased the threat of milk-born diseases (Yogesh et al., 
2012). Examples of the main discovered bacterial pathogens in 
milk and milk products are Escherichia coli, Salmonella sp., 
Bacillus cereus, Campylobacter jejeni, Yersinia enterocolitica 
(Lubote et al., 2014). Some other genera of filamentous fungi 
producing mycotoxins are able to grow on milk and milk 
products (such as Penicillium, Aspergillus and Fusarium) that can 
be a fatal hazard to the consumers. Although some molds are 

responsible for ripening of many types of cheese (such as 
Roquefort and Camembert) and their enzymes such as amylase 
in making bread or citric acid used in soft drinks, some of them  
are mainly responsible for food spoilage at room temperature up 
to 30⁰C and low pH, and have minimum moisture requirement. 
Yeasts capable to ferment sugars to ethanol and CO2 such as 
Saccharomyces cerevisiae (or Backers' yeast) and Sach. 
carlsbergensis are used mainly in the process of making bread 
and fermentation of most beers respectively and the fungus 
Agaricus bisporus is one of the most used mushroom as a food 
source. Psychotrophs are mainly involved in milk spoilage and 
mainly destroyed by pasteurization, however many bacterial 
species such as Pseudomonas fragi and Ps. flurescens have the 
ability to produce heat resistant extracellular proteolytic and 
lipolytic enzymes capable of causing spoilage (Table 1). This 
review sheds light on some microbes found in milk and milk 
products and the appropriate methods to get rid of them using 
many recent effective methods. 
 
2. Microbial contamination of milk and Milk products  
 
The microbial contamination of milk and milk products takes 
places usually during processing, storage, transport and 
distribution before consumption. Dairy-borne infections have 
been identified as an important economic problem and public 
health in all countries around the world (Pal et al., 2014). For 
this reason microbial dairy safety represents a significant global 
issue for the consumer and industry. Microbial contamination is 
one the leading causes of milk and milk-products spoilage. 
Spoilage of milk and milk-products involve any change, which 
renders them unacceptable for human consumption. This is 
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mainly due to the presence of highly nutritious components in 
milk and dairy products make them especially good media for 
the growth of microorganisms (Ledenbach and Marshall, 
2009). The infectious undesired microorganisms present in 
contaminated milk and milk-products include for example 
Escherichia coli, Mycobacterium bovis, Mycobacterium 
tuberculosis, Yersinia enterocolitica, Salmonella and Listeria. 
These microbes can cause serious disease for immunity 
compromised individuals, children and pregnant women (Pal, 
2007; FAO, 2013). It is worthy to mention that the process of 
pasteurization cannot destroy all pathogenic microorganisms in 
milk, as many investigators reported the presence of E. coli, 
Yersinia enterocolitica, Salmonella spp.and Staphylococcus 
aureus, (Pal et al., 2012). In order to maintain the safety of milk 
and milk-products molecular, immunological and 
microbiological techniques should be implemented to detect the 
presence of these pathogens. The main cause of failure of 
processing and packaging systems is the development of 
resistant bacterial biofilms to chemical sanitizers on equipment 
surfaces (Ledenbach and Marshall, 2009; Pal et al., 2013). 
Sarkar (2015), reported that the poor quality of raw milk is due 
to microbial contamination, improper temperature control and 
inadequate packaging system (Sarkar, 2015). Fluid dairy 
products get easily contaminated with microorganisms than the 
dried products such as Streptoccocus, Staphylococcus, 
Pseudomonas spp. (Fernandes, 2008). 
 
3. Cheese 
 
Cheese is a dairy product rich in protein, calcium, phosphorus 
and vitamins produced by casein coagulation and entrapment of 
milk in the coagulum (Fernandes, 2008). Different sources 
including environment, handling and packaging are responsible 
for microbial contamination of cheese (Pal et al., 2014). 
Vrdoljak et al., (2016) reported that Listeria monocytogenes is 
the most food-borne pathogen in cheese in the processing phase. 
Other investigators indicated that certain strains such as 
Streptococcus thermophilus and Lactobacillus helveticus are 
capable of producing carbon dioxide gas resulting to the 
presence of cracks in cheeses (Ledenbach and Marshall, 
2009). Although cheese is considered as a safe food due to the 
presence of antagonistic properties of lactic acid bacteria in the 
process of cheese making (Kousta et al., 2010), however food 
borne outbreaks were found to be a result of contamination with 
Staphylococcus aureus the main cause of mastitis in cows 
(Rabello et al., 2007). S. aureus infections in cheese is due to 
improper handling or to the use of unpasteurized milk because 
this bacterium produces heat-resistant enterotoxin (Delbes et 
al., 2006; CDC, 2010). Ryser, (2001) reported that all various 
Salmonella serotypes have been involved in cheese-borne 
outbreaks and all Salmonella strains are gastroenteritis-
inducing pathogens. In this connection, microbial risk 
assessment is the proper scientific method for preventing, 
regulating and understanding the risk caused by hazardous 
microorganisms in cheese (EPA, 2012). 
 
4. Yogurt 
 
Yogurt is a unique fermented type of dairy product containing 
many nutritional components including protein, vitamins, 
calcium, phosphorus and magnesium (Pal et al., 2015). The 
addition of fruits and flavor compounds to yogurt improve 
required conditions for the growth of molds and yeasts, but after 
a while they die out due to the acidic medium and the 
antagonistic effect exerted by lactic acid bacteria. The 
composition of the pleasant flavor of mature yogurt is mainly 
due to the presence of about equal proportions of starter 
cultures namely Lactobacillus bulgaricus and Streptococcus 

thermophilus, the former adds flavor and aroma to yogurt, 
however the latter is mainly responsible for acid production 
(Yamani and Ibrahim, 2007; Goel et al., 1971). Yogurts have 
been found to be contaminated with both spoilage and 
pathogenic microorganisms due to unhygienic production 
processes which give the yogurt unsatisfactory sensory quality 
(Mbaeyi-Nwaoha and Egbuche, 2012; Makwin et al., 2014). 
Pathogenic bacteria that can cause spoilage of yogurt include 
Gram-negative psychrotrophs and coliforms (Willey et al., 
2008; Oyeleke, 2009; Yabaya and Idris, 2012). 
 
5. Protection of dairy products from spoilage 
microorganisms 
 
To give dairy products the desirable shelf-life it is of importance 
to implement protection from spoilage during their preparation, 
storage and distribution. Several preservation systems such as 
heating, refrigeration and addition of antimicrobial compounds 
can be used to reduce the risk of outbreaks of dairy products 
poisoning. Nowadays, the food industry investigates more 
modern preservation techniques to replace the traditional food 
preservation including milk products in order to be accepted by 
consumer demand for nutritious, tasty, natural and easy-to-
handle food products. In this connection, sorbic acid, lactic acid, 
benzoic acid and acetic acid are the most common classical 
preservative agents that inhibit the growth of bacterial and 
fungal cells (Arneborg et al., 2000). Sorbic acid was found to 
inhibit the outgrowth of bacterial spores. The process of freezing 
prevents microbial growth and their enzymes, therefore the 
ingredients should be added prior freezing to ensure safety of 
food-products (Rawat, 2015). The microbiological standard 
methods used for indicator microorganisms as a predictor of the 
safety and quality of milk and dairy products differ from country 
to country, each have their specific tests, regulations or 
guidelines for the contaminated microorganisms. The most used 
methods include Standard plate count (SPC) [100,000/ml max 
individual bulk tank]; Somatic cell count (SCC) [750,000/ml max 
individual bulk tank]; Aerobic plate count (APC) [100,000/ml 
max.]; Test for Coliforms, E.coli and Psychrotrophs. 
 
6. Microorganisms in dairy products 
 
6.1 Psychrotrophic microbes 
 
This type of microorganisms prefers to grow on cold 
temperature especially in raw milk at 3-7⁰C. They can easily 
hydrolyze proteins and lipids for their growth. The proper salt 
concentration in the cottage cheese content insufficient to limit 
the growth of these contaminating bacteria. For this reason 
psychrotrophs are the bacteria that normally limit the shelf life 
of cottage cheese (Ledenbach and Marshall, 2009). 
Investigators reported that the presence and subsequent 
replication of populations of psychrotrophs may lead to the 
spoilage of milk (Pinto et al., 2006; Nörnberg et al., 2010). 
Development of molecular biology for bacterial identification 
has revealed the presence of psychrotrophic bacteria not 
previously detected by the traditional methods (Raats et al., 
2011; Almeida and Araujo, 2013). Mcphee and Griffiths, 
(2011) reported that the reduction in cheese yield mainly due 
to the enzymes secreted by psychrotrophs that affect rennet 
coagulation times and altered starter activity and growth rate. 
The main cause of cheese reduction is mainly due to the loss of 
soluble casein degradation products into the whey instead of 
forming a part of the curd (Mcphee and Griffiths, 2011; 
Mankai et al., 2012). Beales, (2004) reported that 
refrigeration of milk and dairy products alone or in combination 
with other methods including the addition of preservatives is the 
most proper means of preservation. Generally the 
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psychrotrophic bacteria in milk and milk products represented 
predominantly by Gram -ve genera including Pseudomonas, 
Achromobacter, Serratia, Alcaligenes, Aeromonas, 
Chromobacterium and Flavobacterium spp. and in much lower 
numbers by Gram +ve genera including Streptococcus, 
Lactobacillus, Clostridium, Corynebacterium, and Microbacterium 
spp (Sørhaug and Stepaniak, 1997; Mcphee and Griffiths, 
2011).  
 
6.2 Coliforms 
 
These microorganisms are Gram negative, facultative anaerobic, 
rod shaped bacteria capable of fermenting lactose to produce gas 
and acid, belong to the family Enterobacteriacea such as E.coli, 
klebsiella, Enterobacter aerogenes, (Pal and Mahendra, 2015). 
The slow lactic acid production by starter cultures favors the 
growth and production of gas by coliform bacteria. In case of soft 
ripened cheeses production, the increase in pH during the 
process of ripening reflects directly to the increase of coliform 
bacterial growth (Ledenbach and Marshall, 2009). Application 
of strictest sanitary measures during milking process in the farm 
and milk storage and transportation to the dairy industry is the 
best way to prevent coliforms contamination. Recently the major 
challenge for dairy producers is to prevent post-pasteurization 
contamination (PPC) with spoilage microorganisms including 
coliforms (Ranieri and Boor, 2009; Martin et al., 2011). The 
detection of coliforms in dairy products and pasteurized milk 
play a major role as a hygiene indicator tool for contamination. 
Their growth at refrigerated storage temperatures are of 
concern for dairy industry which can result in degradation of the 
product in addition to unacceptable sensory characteristics due 
to the formation of proteolytic and lipolytic enzymes (Nörnberg 
et al., 2010). 
 
6.3 Listeria monocytogenes 
 
L. monocytogenes is a Gram-positive, rod-shaped, non-spore-
forming, and facultative anaerobe bacterium causing public 
health problems. Both normal and diseased animals are the main 
source of the food-borne human pathogen Listeria 
monocytogenes in milk and dairy products. The pasteurization of 
milk does not eliminate the milk and dairy products 
contamination by this bacterium (Sukhadeo and Trinad, 2009; 
Gould et al., 2013). Investigators described non-thermal 
technologies high hydrostatic pressure (HHP) and pulsed 
electric fields (PEFs) as new preservation methods to control 
and prevent the growth of food-borne pathogens including L. 
monocytogenes (Norton and Sun, 2008; Tomasula et al., 
2014). These methods are mainly used to avoid undesirable 
changes in the nutritional bioactive compounds such as 
vitamins, and pigments in addition to sensory properties such as 
texture, taste, and flavor and consequently reducing their 
acceptability by consumers (Cebrian et al., 2016; Barba et al., 
2017). 
 
6.4 Spore-Forming Bacteria 
 
The most resistant life forms known in milk and milk-products 
are the pathogenic and spoilage associated species belonging to 
Bacilli and Clostridia classes. Clostridium species are well known 
contaminants in milk due to their ubiquitous nature and can 
enter the milk chain from different sources and their biofilms are 
highly resistant to heat and disinfectants. Many species such as 
Clostridium botulinum and Clostridium perfringens produce 
toxins causing dairy products poisoning. In this connection many 
cephalosporins antibiotics such as cephalexin and the 
cephamycin cefoxitin, have been found to inhibit effectively 
sporulation (Miyamoto et al., 1997; Hao and Kendrick 1998; 

Doyle et al., 2015; Gopal et al., 2015; Kumari and Sarker, 
2016). Bacillus species such as Bacillus licheniformis and 
Bacillus pumilus have been reported as the most commonly 
identified species in raw milk (Miller et al., 2015). 
 
6.5 Fungi 
 
Fungi have a diverse secondary metabolism producing a number 
of toxic and carcinogenic mycotoxins. Some spoilage molds are 
toxigenic while others are not (Pitt and Hocking, 1997). They 
grow at a pH range of 3 to 8 and attack a wide variety of foods 
including milk products, their spores can tolerate unsuitable 
environmental conditions but most of them are sensitive to heat 
treatment. Different fungal species have different optimal 
growth temperature; however some few others can grow on cold 
conditions. Spoilage fungi can be categorized into the following 
groups: a) Zygomycetes: These fungi have the ability to grow on 
simple carbon sources and require high water activity for 
growth. Examples of this group are Rhizopus and Mucor species. 
b) Penicillium: They are distinguished than other spoilage 
microorganisms by their reproductive structures that produce 
chains of conidia. They are able to produce antibiotics and other 
dairy products such as blue cheese. Some species of this genus 
can produce mycotoxins and others can attack refrigerated milk 
and milk products. In this connection, a related genus namely 
Byssochlamys is the most serious causing spoilage fungi due to 
its high heat resistance of its spores.  c) Aspergillus: These fungi 
are generally resistant to high degree of temperature and low 
water activity as previously described in case of Penicillium 
genus. They prefer warmer climate for growth. Many of them 
produce ochratoxin, aflatoxins and mycotoxins and can affect 
many food sources such as grains, peanuts and some spices. c) 
Others: These types of fungi are belonging to several genera and 
have been isolated and characterized from spoiled milk and 
food; they are able to produce mycotoxins such as Fusarium 
species (Pal, 2014). 
 
4. Conclusion 
 
The contamination of milk and milk products by pathogenic 
bacteria and spoilage producing microbes result in great 
financial loss to the dairy sector. Bacterial contamination occurs 
either by direct transfer from the blood due to systemic infection 
(endogenous contamination) or by contamination by faeces, 
skin, utensils and environment during and after milking 
(exogenous contamination). The main undesirable 
contaminants of milk in the refrigerated dairy food chain are 
psychrotrophic bacteria. From the previously mentioned 
contamination sources measures should be taken to avoid and 
prevent the spread of zoonotic diseases among animals, 
improving their hygiene, controlling the infection from feed and 
fodder, safe waste management and easy access to veterinary 
service. Investigators reported that most pathogenic as well as 
spoilage microorganisms can be unable to grow in milk and milk-
products when the pH of the environment is 4.5 or lower. These 
microbiologically safe products would contribute towards the 
nutrition of susceptible infants to diarrheal diseases. The dairy-
borne diseases in public health programs are of importance in 
the surveillance of milk food borne diseases by monitoring 
microbial contamination and milk borne pathogens in milk 
products. Proper governmental policy for the assurance the 
quality of milk and dairy products should be implemented to 
reduce the public health risks towards these products. More 
studies should be conducted concerning the inactivation kinetic 
determination to establish how the process conditions for 
microbiological safety should be done. 
 
 



Elshafei/Archives of Ecotoxicology (2021) 60-64 

63  

Acknowledgments  
 
Author is grateful to the National Research Centre, Egypt, for the 
facilities that have enabled him to carry out this work.. 
 
Declaration of interest 
 
Author declares that he does not have any conflict of interest. 
 
References 
 
1. Ali,  C.,  Lacroix,  C.,  Thuault,  D.,  Bourgeois,  C.M.  & Simard  R.E.  

(1995). Characterization of diacetin B, a bacteriocin from 
Lactococcus lactis subsp. lactis bv. diacetylactis UL720. Can. J. 
Microbiol.41, 832–841. https://doi.org/10.1139/m95-114 

2. Almeida, L.A. & Araujo, R. (2013). Highlights on molecular 
identification of closely related species. Infect Genet Evol. 13, 67–75. 
https://doi.org/10.1016/j.meegid.2012.08.011 

3. Arneborg, N., Jesperson, L. & Jakobsen, M. (2000). Individual cells of 
Saccharomyces cerevisiae and Zygosaccharomyces bailii exhibit 
different short-term intracellular pH responses to aceticacid. Arch 
Microbiol., 174, 125-128  https://doi.org/10.1007/s002030000185 

4. Ayad, E.H.E., Verheul, A., Engels, W.J.M., Wouters, J.T.M. & Smit, G. 
(2001). Enhanced flavour formation by combination of selected 
lactococci from industrial and artisanal origin with focus on 
completion of a metabolic pathway. J. Appl. Microbiol., 90, 59–67. 
https://doi.org/10.1046/j.1365-2672.2001.01219.x 

5. Barba, F.J., Koubaa, M., do Prado-Silva, L., Orlien, V. & de Souza 
Sant’Ana, A.(2017). Mild processing applied to the inactivation of the 
main foodborne bacterial pathogens: A review. Trends Food Sci. 
Technol., 66, 20–35. https://doi.org/10.1016/j.tifs.2017.05.011 

6. Beales, N. (2004). Adaptation of microorganisms to cold 
temperatures, weak acid preservatives, low pH, and osmotic stress: 
a review. Compr Rev Food Sci F., 3, 1–20. 
https://doi.org/10.1111/j.1541-4337.2004.tb00057.x 

7. CDC (Centers for Disease Control and Prevention) [Accessed January 
6, 2015]; Staphylococcal food poisoning. 2010 
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/staphyloc
occal/ 

8. Cebrian, G., Manas, P.  & Condon, S. (2016). Comparative resistance 
of bacterial foodborne pathogens to non-thermal technologies for 
food preservation. Front. Microbiol., 7, 734. 
https://doi.org/10.3389/fmicb.2016.00734 

9. Delbes, C., Alomar, J., Chougui,N., Martin, J.F. & Montel, M.C. (2006). 
Staphylococcus aureus growth and enterotoxin production during 
the manufacture of uncooked, semi-hard cheese from cows’ raw 
milk. J Food Prot., 69, 2161–2167. DOI: 10.4315/0362-028x-
69.9.2161. 

10. Doyle, C.J., Gleeson, D., Jordan, K., Beresford, T.P., Ross, R.P.& 
Fitzgerald, G.F., et al. (2015). Anaerobic sporeformers and their 
significance with respect to milk and dairy products. International 
Journal of Food Microbiology, 197, 77-87. 
https://doi.org/10.1016/j.ijfoodmicro.2014.12.022 

11. EPA (U.S. Environmental Protection Agency) [Accessed January 4, 
2015]; Microbial risk assessment guideline: pathogenic 
microorganisms with focus on food and water. 2012. www.epa.gov 

12. FAO. (2013). In: Muehlhoff, E., Bennett, A. & McMahon, D. Milk and 
Dairy Products in Human Nutrition. Rome, Italy: Food and 
Agriculture Organization of the United Nations (FAO). E-ISBN 978-
92-5-107864-8 (PDF).Available from: 
http://www.fao.org/docrep/018/i3396e/i3396e.pdf. 

13. Fernandes, R. (2008). Microbiology Handbook of Dairy Products. 
Leatherhead Publishing and Royal Society of Chemistry, UK. ISBN 
13: 9781905224623 ; ISBN 10: 1905224621 

14. Garcha, S. (2018). "Control of food spoilage molds using lactobacillus 
bacteriocins". Journal of Pure and Applied Microbiology. 12 (3), 1365–
1373. doi:10.22207/JPAM.12.3.39 

15. Goel,  M.C., Kulshrestha, D.C., Marth, E.H., Francis, D.W., Bradshaw, 
J.G. & Read RB (1971). Fate of coliforms in yogurt, buttermilk, sour 
cream, and cottage cheese during refrigerated storage. J. Milk Food 
Technol., 34, 54-58. https://doi.org/10.4315/0022-2747-34.1.54 

16. Gopal, N., Hill, C., Ross, P.R., Beresford, T.P., Fenelon, M.A., & Cotter, 
P.D. (2015). The prevalence and control of Bacillus and related 
spore-forming bacteria in the dairy industry. Frontiers in 
Microbiology, 6(308), 1418. DOI: 10.3389/fmicb.2015.01418 

17. Gould, L.H., Walsh, K.A., Vieira, A.R., Herman, K., Williams, I.T., Hall, 
A.J. & Cole, D. (2013). Surveillance for foodborne disease outbreaks 
- United States, 1998-2008. MMWR Surveill Summ.  2013; 62(2):1-
34 (ISSN: 1545-8636). 

18. Hao, J. & Kendrick, K.E. (1998). Visualization of penicillin-binding 
proteins during sporulation of Streptomyces griseus. J. Bacteriol., 
180, 2125–2132. DOI:10.1128/JB.180.8.2125-2132.1998 

19. Kousta, M., Mataragas, M., Skandamis, P. & Drosinos, E.H. (2010). 
Prevalence and sources of cheese contamination with pathogens at 
farm and processing levels. Food Control., 1, 805–815. 
https://doi.org/10.1016/j.foodcont.2009.11.015Get  

20. Kumari, S. & Sarkar, P.K. (2016). Bacillus cereus hazard and control 
in industrial dairy processing environment. Food Control, 69, 20-29. 
https://doi.org/10.1016/j.foodcont.2016.04.012 

21. Ledenbach, L.H. & Marshall, R.T. (2009). Microbiological spoilage of 
dairy products. Springer Science+Business Media pp. 1-28. Kraft 
Foods, Inc., 801 Waukegan Road, Glenview, IL 60025, USA, 
DOI:10.1007/978-1-4419-0826-1_2,C.  

22. Lubote R, Shahada F, Matemu A (2014). Prevalence of Salmonella 
spp. and Escherichia  coli in  raw  milk  value  chain  in  Arusha,  
Tanzania . American  Journal  of  Research Communication, 2(9), 1-13. 
www.usa-journals.com 

23. Makwin, DM, Abigailify, O and Habiba, D. (2014). An Assessment Of 
The Bacteriological Quality Of Different Brands Of Yoghurt Sold In 
Keffi, Nasarawa State, Nigeria. Journal Of Natural Sciences Research,4 
(4), 19-22. Journal of Natural Sciences Research. ISSN 2224-3186 
(Paper),  ISSN 2225-0921 Vol.4, No.4. 

24. Mankai, M., Boulares, M. & Ben Moussa, O. et al. (2012). The effect of 
refrigerated storage of raw milk on the physicochemical and 
microbiological quality of Tunisian semihard Gouda-type cheese 
during ripening. Int J Dairy Technol., 65(2), 250–259. DOI: 
10.1111/j.1471-0307.2012.00822.x 

25. Martin, N.H., Ranieri, M.L., Murphy, S.C., Ralyea, R.D., Wiedmann, M. 
& Boor, K.J. (2011). Results from raw milk microbiological tests do 
not predict the shelf-life performance of commercially pasteurized 
fluid milk. J. Dairy Sci., 94, 1211-1222. PMID 21338787 DOI: 
10.3168/jds.2010-3915 

26. Mbaeyi-Nwaoha IE and Egbuche NI. (2012). Microbiological 
evaluation of sachet water and street-vended yoghurt and Zobo 
drinks sold in Nsukka metropolis. International Journal of Biology 
and Chemical Sciences,6(4), 1703 –1717. DOI: 10.4314/ijbcs.v6i4.27  

27. Mcphee, J.D. & Griffiths, M.W. (2011). Psychrotrophic bacteria Pseu-
domonas spp. In: John, W.F. (Ed). Encyclopedia of Dairy Sciences. 
Second Edition. Academic Press, San Diego, pp 379-383. 

28. McSweeney,  P.L.H.,  Nursten,  H.E. & Urbach,  G.  (1997). Flavours  
and  off-flavours  in  milk  and  dairy products. in: Fox P.F. (Ed.), 
Advanced Dairy Chemistry, Chapman and Hall, London, UK, 2nd ed., 
vol. 3, pp. 403–468. 

29. Miller, R.A., Kent, D.J., Watterson, M.J., Boor, K.J., Martin, N.H. & 
Wiedmann, M. (2015). Spore populations among bulk tank raw milk 
and dairy powders are significantly different.  Journal of Dairy 
Science, 98, 8492-8504. DOI:https://doi.org/10.3168/jds.2015-
9943 

30. Miyamoto, T., Yamaguchi, K., Abu Sayed, M., Sasahara, R., Honjoh, K. 
& Hatano, S..(1997). Penicillin-binding protein sensitive to 
cephalexin in sporulation of Bacillus cereus. Microbiol. Res. 152, 227–
232. PMID: 9352657; DOI: 10.1016/s0944-5013(97)80032-8 

31. Nörnberg, M.F.B.L, Friedrich, R.S.C. & Weiss, R.D.N., et al. (2010). 
Proteolytic activity among psychrotrophic bacteria isolated from 
refrigerated raw milk. Int J Dairy Technol., 63, 41–46. DOI: 
10.1111/j.1471-0307.2009.00542.x 

32. Norton, T. & Sun, D.W. (2008). Recent advances in the use of high 
pressure as an effective processing technique in the food industry. Food 
Bioprocess Technol., 1, 2–34, http://dx.doi.org/10.1007/s11947-
007-0007-0 

33. Oyeleke, S.B. (2009). Microbial assessment of some commercially 
prepared yoghurt retailed in Minna, Niger State. African Journal of 
Microbiology Research, 3, 245-248. 

34. Pal M, Seid H, Karanfil O and Woldemariam T (2013). Importance of 
microbial films in food processing plants. Beverage and Food World, 
40:, 49-50. 

35. Pal, M. & Mahendra, R. (2015). Sanitation in Food Establishments.1st 
Ed. Lambert Academic Publishing ,Saarbruchen, Germany. SBN 13: 
978-3-659-71214-2 ISBN 10: 365912140. 

36. Pal, M. (2007).  Zoonoses.2nd Ed. Satyam Publishers, Jaipur, India. 
books.google.co.uk/books?id=DY1fZx8jKioC 

https://doi.org/10.1139/m95-114
https://doi.org/10.1016/j.meegid.2012.08.011
https://doi.org/10.1007/s002030000185
https://doi.org/10.1046/j.1365-2672.2001.01219.x
https://doi.org/10.1016/j.tifs.2017.05.011
https://doi.org/10.1111/j.1541-4337.2004.tb00057.x
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/staphylococcal/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/staphylococcal/
https://doi.org/10.3389/fmicb.2016.00734
https://doi.org/10.4315/0362-028x-69.9.2161
https://doi.org/10.4315/0362-028x-69.9.2161
https://doi.org/10.1016/j.ijfoodmicro.2014.12.022
http://www.epa.gov/
http://www.fao.org/docrep/018/i3396e/i3396e.pdf
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.22207%2FJPAM.12.3.39
https://doi.org/10.4315/0022-2747-34.1.54
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3389%2Ffmicb.2015.01418?_sg%5B0%5D=RptxONL4QI97YiMpWHHsGa22sJ-8HAsZm15z1wXmoL9mih7nW5fx25973NtwkwJ86MJ8sLHtFtSvA8Za_-U5lGP5WA.ksAhWttDFbtG_snDbdPvq6grjtn3rwqVg7VJtwIncB7AG0XiQM9YhmuQmImE4kOHb6A7RzaBt19DK70xPQbrWg
https://doi.org/10.1016/j.foodcont.2009.11.015
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0956713509003235&orderBeanReset=true
https://doi.org/10.1016/j.foodcont.2016.04.012
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1471-0307.2012.00822.x?_sg%5B0%5D=sXoNWVyT5UxNnaxeoFwopa0L3Fu8QIL5uutOwaAMEMdVR31y9sGEehuW7sczC0y1UNIbwsXyYaZPIiH-RZLCdlSy2g.HDG0hMd-T_V4TvOxhmCiuminU_ls_Te6JV-RLkrD6uTpdT1m1p2yxyFQUDGQvj-D61uf1eng0RRTxxpH4PeAPg
http://www.ncbi.nlm.nih.gov/pubmed/21338787
http://doi.org/10.3168/jds.2010-3915
https://doi.org/10.4314/ijbcs.v6i4.27
https://doi.org/10.3168/jds.2015-9943
https://doi.org/10.3168/jds.2015-9943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miyamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abu%20Sayed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sasahara%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Honjoh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hatano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9352657
https://doi.org/10.1016/s0944-5013(97)80032-8
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1471-0307.2009.00542.x?_sg%5B0%5D=bv4HKfyCpkXXuxGNRJrQWSXfm6GGtoXodPrI6kk73O1agfAyxAT6-pw9n3OC6oqq9f7Jh3pH1ygl08uM56LQULMnwA.Tb2OKeuxTFT1Feba-CGN6-AaqfZ7ClYiSH8Ah-jU5amcSi1hOgxZCAduV7aWA4Wv6K0RG_0KLRSUrY4GrnaI-Q
http://dx.doi.org/10.1007/s11947-007-0007-0
http://dx.doi.org/10.1007/s11947-007-0007-0


Elshafei/Archives of Ecotoxicology (2021) 60-64 

64  

37. Pal, M. (2014). Spoilage of dairy products due to fungi. Beverage and 
Food World 41:37-38,40.  

38. Pal, M., Bekele, T.. & Feleke, A. (2012). Public health significance of 
pasteurized milk. Beverage and Food World, 39, 55-56.  

39. Pal, M., Feleke, A., Geloye, M., Waktole, H. & Deressa, A. 2014 . 
Microbiologicalquality and safety of cheese. Beverage and Food 
World, 41, 37-38. 

40. Pal, M., Tefera, M., Tasew, A., Jergerfa, T. and Desressa, A. (2015). 
Hygienic and microbial quality of yoghurt. Beverage and Food World, 
42, 25-27.  

41. Pinto, C.L.O., Martins, M.L & Vanetti, M.C.D (2006). Qualidade 
microbiológica de leite cru refrigerado e isolamento de bactérias 
psicrotróficas proteolíticas. Food Sci Technol (Campinas),  26(3), 
645–651. http://dx.doi.org/10.1590/S0101-20612006000300025 

42. Pitt, J.I. & Hocking, A.D. (1997). Fungi and food spoilage. 2nd Edition, 
Blackie Academic and Professional, New York, London. 
www.scirp.org/reference/ReferencesPapers.aspx? 

43. Raats, D., Offek, M. & Minz, D., et al. (2011). Molecular analysis of 
bacterial communities in raw cow milk and the impact of 
refrigeration on its structure and dynamics. Food Microbiol., 28, 465-
471, doi: 10.1016/j.fm.2010.10.009. Epub 2010 Oct 27. 

44. Rabello, R.F., Moreira, B.M., Lopes, R.M., Teixeira, L.M., Riley, L.W.& 
Castro, A.C. (2007). Multilocus sequence typing of Staphylococcus 
aureus isolates recovered from cows with mastitis in Brazilian dairy 
herds. J Med Microbiol., 56(11), 1505–1511. 
https://doi.org/10.1099/jmm.0.47357-0 

45. Ranieri, M.L. & Boor, K. (2009). Short communication: Bacterial 
ecology of high-temperature, short-time pasteurized milk processed 
in the United States. J. Dairy Sci., 92, 4833-4840. 
https://doi.org/10.3168/jds.2009-2181 

46. Rawat, S. (2015). Food Spoilage: Microorganisms and their 
prevention. Asian Journal of Plant Science and Research 5(4), 47-56. 
ISSN : 2249-7412 CODEN (USA): AJPSKY; 
www.pelagiaresearchlibrary.com 

47. Ryser, E.T. (2001). Public Health Concerns. In: Marth EH, Steele JL, 
editors. Applied dairy microbiology. 2nd ed. Marcel Dekker, Inc; New 
York, NY, USA: pp. 397–546. europepmc.org/articles/PMC4811779 

48. Sarkar, S. (2015). Microbiological considerations: Pasteurized milk. 
International Journal of Dairy Science, 10, 206-218. 
DOI:10.3923/IJDS.2015.206.218; Corpus ID: 89447365 

49. Settanni, L. & Moschetti, G. (2010). Non-starter lactic acid bacteria 
used to improve cheese quality and provide health benefits. Food 
Microbiol. 27, 691–697. 10.1016/j.fm.2010.05.023. PMID: 
20630311; DOI: 10.1016/j.fm.2010.05.023 

50. Singh, R., Mittal, A., Kumar, M. & Mehta, P.K. (2016). Microbial 
protease in commercial applications. J Pharm Chem Biol Sci., 4(3), 
365–74. ISSN: 2 348-7658 

51. Sørhaug, T. & Stepani, k.L. (1997). Psychrotrophs and their enzymes 
in milk and dairy products: quality aspects. Trends Food Sci Tech., 8, 
35–41. https://doi.org/10.1016/S0924-2244(97)01006-6 

52. Sukhadeo, B.B. & Trinad, C. (2009). Molecular mechanisms of 
bacterial infection via the gut. Curr. Top. Microbiol. Immunol., 337, 
173–195. 

53. Tomasula, P.M., Renye, J.A., Van Hekken, D.L., Tunick, M.H., Kwoczak, 
R., Toht, M., Leggett, L.N., Luchansky, J.B., Porto-Fett, A.C.S. & Phillips, 
J.G. (2014). Effect of high-pressure processing on reduction of 
Listeria monocytogenes in packaged Queso Fresco. J. Dairy Sci., 97, 
1281–1295. doi: 10.3168/jds.2013-7538. Epub 2014 Jan 17. 

54. Vrdoljak, J., Dobraniæ, V., Filipoviæ, I. & Zdolec, N. (2016). 
Microbiological quality of soft, semi-hard and hard cheeses during 
the shelf-life. Journal of Macedonian Veterinary Review, 39, 59-64. 
(13) (PDF) Bacterial Contamination of Dairy Products. Available 
from:https://www.researchgate.net/publication/308294887_Bact
erial_Contamination_of_Dairy_Products [accessed Dec 04 2019]. 

55. Willey, J.M., Sherwood, L.M. & Woolverton, C.J. (2008), Prescott 
Harley and Kleins Microbiology,7th Edition Mc-Graw Hill, New York. 
p.1038. 

56. Yabaya  A  and  Idris  A  (2012).  Bacteriological  quality assessment   
of   some   yoghurt   brands   sold   in Kaduna metropolis. African 
Journal Microbiological Research, 10, 35-39.  

57. Yamani, M. I,  & Ibrahim, M. (2007). The differential enumeration of 
Lactobacillus delbrueckii subspecies bulgaricus and Streptococcus 
salivarius subspecies thermophilus in yoghurt and labneh using an 
improved medium. International Journal of Dairy Technology, 49(4), 
103 – 108. DOI: 10.1111/j.1471-0307.1996.tb02500.x 

58. Yogesh, G., Patel, A., Badhe, D.K.. (2012). Adoption of clean milk 
production practices by dairy farm women. Agriculture Update 7(2), 
19-22.  
 

http://dx.doi.org/10.1590/S0101-20612006000300025
http://www.scirp.org/reference/ReferencesPapers.aspx
https://doi.org/10.1099/jmm.0.47357-0
https://doi.org/10.3168/jds.2009-2181
http://www.pelagiaresearchlibrary.com/
https://doi.org/10.3923/IJDS.2015.206.218
https://doi.org/10.1016/j.fm.2010.05.023
https://doi.org/10.1016/S0924-2244(97)01006-6
https://www.researchgate.net/publication/308294887_Bacterial_Contamination_of_Dairy_Products
https://www.researchgate.net/publication/308294887_Bacterial_Contamination_of_Dairy_Products
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1471-0307.1996.tb02500.x?_sg%5B0%5D=DCgu_f7vsgN4cXQPTdWCHL3TaxfMjaB_-opac3FUEgBX-qdmmHHU1SPvG_8CTnmWT8rrjLuJktFKF9VR0_oBB4tYyg.-DHVg3bW1EEd4Tf6YMJR9AToEdtPfBYk6WasQWl05wj9kjhdGF9wAEDRb4sRH5AX-g70TOt6guECcTtwSiWctg

