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Milk is the basic food for every class of  human being for nutrition 
and health. It is also an ideal medium for the growth and multipli-
cation of  diverse microorganisms resulting in its early deteriora-
tion. In order to extend its market reach, milk should have higher 
shelf-life. Under this condition, diverse non-thermal processing 
techniques such as high pressure processing, pulsed electric field, 
microfiltration, ultraviolet light or thermal processing techniques 
such as thermization, pasteurization or ultra high temperature 
(UHT) treatment or their combinations may be adopted for ex-
tending the shelf-life of  raw milk.
 
Milk is virtually sterile when secreted into the alveoli of  the udder 
[23] and its journey of  contamination commence with commen-
sal microflora on the teat skin or on the epithelial lining of  the 
teat canal [24]. Raw milk possesses natural antibacterial system 
but its germicidal or bacteriostatic properties are short lived [14, 
7]. Further, poor unhygienic environment at the producing farm 
coupled with poor unhygienic practices during milking and han-
dling of  milk result in poor microbiological quality of  raw milk 
[20]. Raw milk should be chilled immediately after production to 
avoid its deterioration due to microbial growth. Research revealed 
that milk could be stored for 96h when stored at 2ºC, but at el-
evated temperature of  storage at 4ºC the shelf-life is 48 h [15]. 
In India problems are faced due to higher ambient temperature 
coupled with location of  dairy plants far away from producing 
farms. Raw milk can be preserved by Lactoperoxide (LP) system 
at farm level but it is not practical as preservative effect is for a 
shorter period and use of  LP-treated milk is not suitable for the 
manufacture of  all types of  dairy products. 

Thermal processing of  milk by pasteurization is widely adopted 
worldwide. FAO/WHO (2004) defined pasteurization as “A mi-
crobiocidal heat treatment aimed at reducing the number of  any 
pathogenic microorganisms in milk and liquid milk products, if  
present, to a level at which they do not constitute a significant 
health hazard. Pasteurization conditions are designed to effec-
tively destroy the organisms Mycobacterium tuberculosis and Coxiella 
burnetii”. Pasteurization can be done adopting Low Temperature 

Long Time (LTLT) pasteurization (63ºC/30min) or High Tem-
perature Short Time (HTST) pasteurization (71ºC/15s). Sarkar 
et al. (2018) recommended adoption of  additional techniques 
such as bactofugation or microfiltration in conjugation with pas-
teurization to produce spore free pasteurized milk with extended 
shelf-life. Shelf-life of  pasteurized milk is more than raw milk but 
it is still limited. Shelf  life of  pasteurized milk is highly influenced 
by its storage temperature [17] and had a shelf-life of  approxi-
mately 10-20 day when stored at 6.1°C [12]. Burdova et al., (2002) 
denoted a decrement in shelf  life of  full cream pasteurized milk 
(31 to 11 days) and skimmed pasteurized milk (32.57 to 10.71 
days) with an elevation in storage temperature from 4 to 10°C due 
to more enhanced proteolytic and lipolytic activities of  psychro-
trophic microorganisms after 2-3 days at 10ºC in contrast to 4-6 
days 4ºC. Results indicated that pasteurized milk has to be stored 
at lower temperature for better shelf-life.

Extended Shelf-Life (ESL), also called Ultra-Pasteurized milk is 
produced by thermal processing using conditions between those 
used for traditional HTST pasteurization and those used for UHT 
sterilization [6]. ESL products are defined as those that have been 
treated in a manner to reduce the microbial count beyond nor-
mal pasteurization, packaged under extreme hygienic conditions, 
and which have a defined prolonged shelf  life under refrigeration 
conditions [19]. ESL products can be produced by two principal 
technologies: (A) Thermal processing using more severe condi-
tions than pasteurization but less severe than UHT processing 
and (B) Non-thermal processes such as microfiltration [22] and 
bactofugation [11] usually combined with a final thermal pasteuri-
zation treatment to meet regulatory requirements. No specific 
temperature-time combination for ESL milk has been specified in 
most countries. In USA for ESL milk, a heat-treatment of  ≥138 
°C/≥2 s is recommended [6]. Commercially ESL processing is 
done at 123-127°C/1-5 s [10, 13]. Reported shelf-life of  HTST 
pasteurized milk in aseptic package was 49 day/3ºC [21] or 35 
days/4ºC [3] whereas ESL milk processed at 120-125 °C/1 s had 
a shelf-life of  >37 days/7ºC [18]. Shelf-life of  ESL milk is greater 
than aseptically packed pasteurized milk. 
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UHT milk sterilization is a novel technique of  milk preservation 
and is the most effective treatment for long shelf-life at room 
temperature [1]. During UHT processing, milk can be heated 
either by direct or indirect method. In the indirect system, the 
product and heating medium do not come in contact, but reverse 
happens in direct system. In indirect method severity of  heat-
ing is less (3 to 4°C) and products have less chance of  gelation 
and sedimentation but greater incidences of  fat separation and 
development of  more cooked flavor [5]. During UHT process-
ing milk is heated continuously at 130 and 150°C for 3-5 s [9], 
and then it is immediately cooled to < 32°C and filled aseptically 
in sterile sealed packaging [16]. Barraquio (2014) reported higher 
shelf-life of  UHT milk, when processed by indirect method (> 12 
months vs. 12 months at 4ºC or upto 12 months vs. 6 months at 
20ºC) in contrast to direct method. UHT processing may be more 
advantageous for countries like India due to lower energy costs, 
extended shelf  life at higher ambient temperature and elimination 
of  requirement of  refrigeration or cold chain during storage and 
distribution.

References

[1].	 Ansari Md IA. “Performance evaluation of helical triple tube ultra-high-tem-
perature milk sterilizer”. Int J Chem Stud . 2018 Jan; 6(1): 338-40. 

[2].	 Barraquio VL. Which milk is fresh. Int. J. Dairy Sci. 2014 Aug 26;1(2):1-6. 
[3].	 Brown JV, Ranjith HM, Prentice GA. Comparative shelf‐lives of skimmed, 

semi‐skimmed and whole milks. Int J Dairy Technol.1984 Oct;37(4):132-5. 
[4].	 Burdova OL, Baranova MÁ, Laukova AN, Rozanska H, Rola JG. Hygiene 

of pasteurized milk depending on psychrotrophic microorganisms. Bulletin-
Veterinary Institute In Pulawy. 2002 Jan 1;46(2):325-30. 

[5].	 Datta N, Deeth HC. UHT and aseptic processing of milk and milk prod-
ucts. Tewari, G, Juneja VK, editors. Advances in thermal and non-thermal 
food preservation. Iowa, Blackwell Publishing: USA;2007. p.63-90. 

[6].	 Deeth H. Optimum thermal processing for extended shelf-life (ESL) milk. 
Foods. 2017 Nov 20;6(11).Pubmed PMID: 29156617. 

[7].	 El Zubeir IE, El Owni OA. Antimicrobial resistance of bacteria associated 
with raw milk contaminated by chemical preservatives. World J Dairy Food 
Sci. 2009;4(1):65-9. 

[8].	 FAO/WHO. “Code of hygienic practice for milk and milk products”, Joint 
FAO/WHO Food Standards Programme, Codex Committee on Food Hy-
giene. 2004 May;116:123. 

[9].	 Jaeger H, Janositz A, Knorr D. The Maillard reaction and its control during 
food processing. The potential of emerging technologies. Pathologie Biolo-
gie. 2010 Jun 1;58(3):207-13. 

[10].	Kaufmann V, Scherer S, Kulozik U. Procedures for the prolongation of the 
storability of consumable milk and it's material changes: ESL-milk. J Con-
sumer Protect Fd Safety. 2010 Feb 1;5(1):59-64. 

[11].	Khoza SE. Effect of extended shelf life milk processing on the bacterial com-
position associated with the nozzles of filling machines (Doctoral disserta-
tion, University of Pretoria). 2015. 

[12].	Labuza TP. Shelf-life dating of foods. Food & Nutrition Press, Inc ; West-
port, CT; 1982. p.189-31. 

[13].	Lorenzen PC, Clawin‐Rädecker IN, Einhoff K, Hammer P, Hartmann R, 
Hoffmann W, et al.,A survey of the quality of extended shelf life (ESL) 
milk in relation to HTST and UHT milk. Int J Dairy Technol. 2011 
May;64(2):166-78. 

[14].	Murphy SC, Boor KJ. Trouble-shooting sources and causes of high bac-
teria counts in raw milk. Dairy, Food and Environmental Sanitation. 
2000;20(8):606-11. 

[15].	Paludetti LF, Jordan K, Kelly AL, Gleeson D. Evaluating the effect of stor-
age conditions on milk microbiological quality and composition. Irish J Agr 
Food Res. 2018 Jan 1;57(1):52-62. 

[16].	Pereira JR, Tamanini R, Rios EA, de Oliveira VH, Yamamura AA, Beloti V. 
Aerobic mesophilic microbiota contaminating UHT milk. Magazine of the 
Dairy Institute Cândido Tostes. 2013; 68 (394): 25-31. 

[17].	Petrus RR, Loiola CG, Oliveira CA. Microbiological shelf life of pasteurized 
milk in bottle and pouch. J Food Sci. 2010 Jan;75(1):M36-40. 

[18].	Ranjith HMP. High temperature pasteurization. In: Proceedings of the Con-
ference on Extended Shelf Life Milk. International Dairy Federation, Brus-
sels.2000 September.

[19].	Rysstad G, Kolstad J. Extended shelf life milk-advances in technology. Int J 
Dairy Technol. 2006 May;59(2):85-96. 

[20].	Sarkar S, Sur A, Sarkar K, Majhi R, Pal R, Basu S, Biswas T. Sources of An-
aerobic Spores in Pasteurized Milk. SF J Appl Microbiol. 2018 May 23;1(2). 

[21].	Schmidt D, Cromie SJ, Dommett TW. Effect of pasteurization and storage 
conditions on the shelf life and sensory quality of aseptically packaged milk. 
Australian Journal of Dairy Technology (Australia). Aus J Dairy Technol. 
1989; 44(1): 19-24. 

[22].	Schmidt VS, Kaufmann V, Kulozik U, Scherer S, Wenning M. Microbial 
biodiversity, quality and shelf life of microfiltered and pasteurized extended 
shelf life (ESL) milk from Germany, Austria and Switzerland. Int J Food 
Microbiol.. 2012 Mar 1;154(1-2):1-9. Pubmed PMID: 22240060. 

[23].	Tolle A. The microflora of the udder. Factors Influencing the Bacteriological 
Quality of Raw Milk. Int Dairy Fed Bull Doc.1980;120: 4. 

[24].	White DG, Harmon RJ, Matos JE, Langlois BE. Isolation and identifica-
tion of coagulase-negative Staphylococcus species from bovine body sites and 
streak canals of nulliparous heifers. J Dairy Sci.1989 Jul 1;72(7):1886-92. 
Pubmed PMID: 2778172. 

https://www.researchgate.net/publication/328419166_Performance_evaluation_of_helical_triple_tube_ultra-high-temperature_milk_sterilizer_Md_IA_Ansari
https://www.researchgate.net/publication/328419166_Performance_evaluation_of_helical_triple_tube_ultra-high-temperature_milk_sterilizer_Md_IA_Ansari
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CWhich+Milk+is+Fresh%3F%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+shelf-lives+of+skimmed%2C+semi-skimmed+and+whole+milks%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+shelf-lives+of+skimmed%2C+semi-skimmed+and+whole+milks%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CHygiene+of+pasteurized+milk+depending+on+psychrotrophic+microorganisms%E2%80%9D%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CHygiene+of+pasteurized+milk+depending+on+psychrotrophic+microorganisms%E2%80%9D%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CHygiene+of+pasteurized+milk+depending+on+psychrotrophic+microorganisms%E2%80%9D%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=UHT+and+aseptic+processing+of+milk+and+milk+products%E2%80%9D%2C+Ed.+Tewari%2C+G.+and+Juneja&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=UHT+and+aseptic+processing+of+milk+and+milk+products%E2%80%9D%2C+Ed.+Tewari%2C+G.+and+Juneja&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=UHT+and+aseptic+processing+of+milk+and+milk+products%E2%80%9D%2C+Ed.+Tewari%2C+G.+and+Juneja&btnG=
https://www.ncbi.nlm.nih.gov/pubmed/29156617
https://www.ncbi.nlm.nih.gov/pubmed/29156617
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance+of+bacteria+associated+with+raw+milk+contaminated+by+chemical+preservatives&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance+of+bacteria+associated+with+raw+milk+contaminated+by+chemical+preservatives&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance+of+bacteria+associated+with+raw+milk+contaminated+by+chemical+preservatives&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Code+of+hygienic+practice+for+milk+and+milk+products%E2%80%9D%2C+Joint+FAO%2FWHO+Food+Standards+Programme%2C+Codex+Committee+on+Food+Hygiene%2C+26th+Session&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Code+of+hygienic+practice+for+milk+and+milk+products%E2%80%9D%2C+Joint+FAO%2FWHO+Food+Standards+Programme%2C+Codex+Committee+on+Food+Hygiene%2C+26th+Session&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Code+of+hygienic+practice+for+milk+and+milk+products%E2%80%9D%2C+Joint+FAO%2FWHO+Food+Standards+Programme%2C+Codex+Committee+on+Food+Hygiene%2C+26th+Session&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Maillard+reaction+and+its+control+during+food+processing.+The+potential+of+emerging+Technologies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Maillard+reaction+and+its+control+during+food+processing.+The+potential+of+emerging+Technologies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Maillard+reaction+and+its+control+during+food+processing.+The+potential+of+emerging+Technologies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=TProcedures+for+the+prolongation+of+the+storability+of+consumable+milk+and+its+material+changes%3A+ESL+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=TProcedures+for+the+prolongation+of+the+storability+of+consumable+milk+and+its+material+changes%3A+ESL+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=TProcedures+for+the+prolongation+of+the+storability+of+consumable+milk+and+its+material+changes%3A+ESL+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+extended+shelf+life+milk+processing+on+the+bacterial+composition+associated+with+the+nozzles+of+filling+machines&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+extended+shelf+life+milk+processing+on+the+bacterial+composition+associated+with+the+nozzles+of+filling+machines&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+extended+shelf+life+milk+processing+on+the+bacterial+composition+associated+with+the+nozzles+of+filling+machines&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CShelf+life+dating+of+foods%E2%80%9D%2C+Food+and+Nutrition+Press&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CShelf+life+dating+of+foods%E2%80%9D%2C+Food+and+Nutrition+Press&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+survey+of+the+quality+of+extended+shelf+life+%28ESL%29+milk+in+relation+to+HTST+and+UHT+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+survey+of+the+quality+of+extended+shelf+life+%28ESL%29+milk+in+relation+to+HTST+and+UHT+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+survey+of+the+quality+of+extended+shelf+life+%28ESL%29+milk+in+relation+to+HTST+and+UHT+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+survey+of+the+quality+of+extended+shelf+life+%28ESL%29+milk+in+relation+to+HTST+and+UHT+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trouble+shooting+sources+and+causes+of+high+bacteria++counts+in+raw+milk%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trouble+shooting+sources+and+causes+of+high+bacteria++counts+in+raw+milk%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trouble+shooting+sources+and+causes+of+high+bacteria++counts+in+raw+milk%E2%80%9D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+the+effect+of+storage+conditions+on+milk+microbiological+quality+and+composition&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+the+effect+of+storage+conditions+on+milk+microbiological+quality+and+composition&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+the+effect+of+storage+conditions+on+milk+microbiological+quality+and+composition&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiota+mesofila+aerobia+contaminante+do+leite+UHT&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiota+mesofila+aerobia+contaminante+do+leite+UHT&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiota+mesofila+aerobia+contaminante+do+leite+UHT&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiological+shelf+life+of+pasteurized+milk+in+bottle+and+pouch&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiological+shelf+life+of+pasteurized+milk+in+bottle+and+pouch&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Conference+contribution%3A+Extended+shelf+life+milk-advances+in+technology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Conference+contribution%3A+Extended+shelf+life+milk-advances+in+technology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sources+of+++anaerobic+spores+in+pasteurized+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sources+of+++anaerobic+spores+in+pasteurized+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+pasteurisation+and+storage+conditions+on+the+shelf+life+and+sensory+quality+of+aseptically+packaged+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+pasteurisation+and+storage+conditions+on+the+shelf+life+and+sensory+quality+of+aseptically+packaged+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+pasteurisation+and+storage+conditions+on+the+shelf+life+and+sensory+quality+of+aseptically+packaged+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+pasteurisation+and+storage+conditions+on+the+shelf+life+and+sensory+quality+of+aseptically+packaged+milk&btnG=
https://www.ncbi.nlm.nih.gov/pubmed/22240060
https://www.ncbi.nlm.nih.gov/pubmed/22240060
https://www.ncbi.nlm.nih.gov/pubmed/22240060
https://www.ncbi.nlm.nih.gov/pubmed/22240060
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+microflora+of+the+udder%E2%80%9D%2C+In%3A+Factors+influencing+the+bacteriological+quality+of+raw+milk&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+microflora+of+the+udder%E2%80%9D%2C+In%3A+Factors+influencing+the+bacteriological+quality+of+raw+milk&btnG=
https://www.ncbi.nlm.nih.gov/pubmed/2778172
https://www.ncbi.nlm.nih.gov/pubmed/2778172
https://www.ncbi.nlm.nih.gov/pubmed/2778172
https://www.ncbi.nlm.nih.gov/pubmed/2778172

	References

