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Outline 
 UHT and ESL milk: a brief overview 

Key issues for exported UHT and ESL milks 

UHT milk - quality issues, causes & remedies   

Ï Flavour 

Ï Age gelation 

Ï Fat separation  

Ï Sedimentation 

Ï Non-sterility 

Ï Package damage* 

ESL milk - quality issues, causes & remedies  

Ï Shelf-life limitation due to bacterial growth 

Ï Psychrotrophic spore-formers 

Ï Flavour issues 

 



UHT processing  

Å 138-145ºC for 2-10 seconds 

Å Destroys:  

Åall non-spore-forming bacteria 

Åalmost all spore-forming bacteria 

ÅMain bacteria of concern are very heat-resistant Bacillus 

species  

Å Packed aseptically 

Å Stored at room temperature 

ÅHas shelf life of Ó 6 months 

Å Used for white milk, flavoured and modified milk, cream,  

custard and non-dairy beverages 

 

 

 

 



ESL processing  

Å Heated at 20-138ÜC for < 5 seconds; in USA, ñultrapasteurisation ñis 

138ÜC for Ó 2 seconds (also by microfiltration plus pasteurisation) 

Å Destroys: 

Åall non-spore-forming bacteria, including pathogenic bacteria 

Åmost spore-formers 

Å Packaged under : 

ÅVery clean conditions OR 

ÅAseptically 

Å Main bacterial issues:  

Åpost-heat treatment contamination (if not packaged aseptically) 

Åpsychrotrophic spore-forming bacteria, e.g., Bacillus cereus, B. 

circulans 

Å ESL milk is stored refrigerated 

Å Has a shelf life of 30+ days ï depends on heat treatment and packaging 

Å Used for white milk, flavoured and modified milk, custard 

 

 

 

 



UHT versus ESL 

UHT milk ESL milk 
Commercially sterile Not commercially sterile: 

contains some spore-formers 

which could grow at room 

temperature 

Always packaged aseptically Packaged under either very clean 

or aseptic conditions   

Stored at room temperature Stored refrigerated 

Has long shelf-life όҗ сƳƻƴǘƘǎύ Shelf-life 30-45 days, more if 

aseptically packaged 

Has definite cooked/heated 

flavour 

Has little if any cooked flavour 



 Key issues for exported milks 

ÏQuality of raw material - milk 

ÏProcessing conditions - temperature-time profile 

ÏTemperature and duration of transport and 

storage ï including variability 

ÏTemperature can vary from < 0°C to > 50°C as 

product is transported across climatic zones ï 

and stored in uninsulated warehouses where 

temperature can reach > 50°C  

ÏPackage integrity 

 

 



UHT milk  
 

Quality issues, causes & 
remedies   



Flavour 



UHT milk flavour profile during 

storage 
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Flavour issues in stored UHT milk  

ÅCooked ï due to heat treatment 

ÅStale, oxidised - mainly due to aldehydes 
(C7, C9)  

ÅMaillard reaction products 

ÅBitter - due to bitter peptides caused by 
residual proteases ï bacteria or plasmin 

ÅRancid, soapy - due to free fatty acids caused 
by residual bacterial lipases  

ÅAcid, sour ï due to bacterial fermentation 



Flavour issues and remedies 

Cooked flavour 

ÅMinimise severity of UHT process (i.e. minimise C*) 

 

Stale/oxidised flavour 

Åminimise air/O2 content: Direct processing (1-2 mg/L) 

better than indirect (7-9 mg/L) 

Åminimise headspace in package: Tetrabrik (~ 8 mL/L) 

better than Combibloc (~ 34 mL/L) better than HDPE 

bottles (~58 mL/L) 

 



Flavour  issues and remedies (cont) 
 

Bitter and rancid flavours 

ÅMinimise bacterial count in raw milk; this mimimises 

residual bacterial enzyme content ï preferably < 

100,000/mL 

ÅMinimise somatic cell count, preferably to < 

200,000/mL; this minimises plasmin content  

ÅUse pre-heat conditions to minimise residual plasmin  

Sour/ acid flavour 

ÅCan be due to bacterial growth, with or without gas 

production (flat sour effect) 

ÅFlat sour can be due to growth of thermophilic spore-

formers when product temperature is > ~50ÁC 



Age gelation 



Age gelation 

Å  A major issue which limits shelf-life of UHT 

milk 

Å  Gradual increase in viscosity, then quite rapid 

increase in viscosity, then formation of custard-

like gel ï sometimes lumps, sometimes flakes, 

sometimes thick layer on bottom, sometimes 

layer at top 

ÅGel formation is irreversible  

ÅOccurs more rapidly in concentrated milks 



Factors affecting age gelation 

Åstorage temperature 

Åprotease activity  

Åseverity of heat treatment 

Åquality of the raw milk  

Åseason/stage of lactation 

Åadditives 



Effect of storage temperature  

on age gelation 

Å  Storage at low (~4ºC) and high (~35-40ºC) 

temperatures delays onset of gelation. 

Å  Storage at ~25-30ºC is optimum for gel 

formation ï unfortunately 

 

 

 

 

 

 



Protease activity  

ÅGood correlation between proteolysis and age 

gelation Usually! 

ÅCan be due to (heat-stable) bacterial 

proteases &/or the native milk plasmin  



Bacterial proteases 

Bacterial proteases : 

Åconsidered the major cause of gelation in 
unconcentrated milk 

Åproduced in raw milk by psychrotrophic bacteria 

Åsurvive UHT heat treatment 

Åmostly attack k-casein (similar to rennet) 



Plasmin 

Plasmin : 

Åis stable to some UHT heat treatments 

Åcan be inactivated by preheatng at ~90°C for     
30-60 s ï MOST SIGNIFICANT 

Åis higher in early and late lactation milk 

Åis higher in mastitic milk  

Åincreases during storage due to conversion of 
plasminogen to plasmin 

Åattacks mostly b-casein to give g-casein 



Protease levels in milk 

Åage gelation can be caused by very low 

levels of protease in UHT milk ï as little as 

1 ng/mL  

Åvery low levels of protease activity are 

difficult to measure - most assays are too 

insensitive 

Åcan monitor increase in proteolysis over 

time as good indication of protease activity 

and shelf-life 

 
 

 

 

 

 



Severity of heating 

ÅThe more severe the heating, the less age 

gelation 

ÅMore gelation in direct-processed (steam 

injection or steam infusion) milk than 

indirect-processed 

ÅMostly related to inactivation of proteases 

but also to increased denaturation of whey 

proteins which attach to casein and 

protect it from protease action 



 Quality of the raw milk 

ÅMost important 

ÅPoor quality milk has high bacterial count and/or 

high somatic cell count 

ÅHigh bacterial count leads to production of heat-

resistant proteases (and lipases) 

ÅHigh somatic cell count leads to increased 

plasmin levels  

 
 



 Season/stage of lactation 

ÅEarly-lactation milk gels faster than late-

lactation milk 

ÅIn southern Australia, this corresponds to 

spring milk.  

ÅSeasonal effects can be due to variations in 

mineral balance, casein/whey protein ratio 

and plasmin levels. 
 

 

 



Additives 

Å Several additives have been tested for their ability to delay 

age gelation 

Å The most effective is sodium hexametaphosphate 

(polyphosphate, Calgon) 

Åsome companies add it routinely 

Å it can be added before or after heat treatment 

Ådelays gelation without affecting proteolysis 

Åeffect due to stabilisation of casein micelles via a calcium 

caseinate-polyphosphate complex. 

ÅOther phosphates such as disodium hydrogen phosphate, 

commonly used as a stabiliser to neutralise ionic calcium, 

enhances gelation 

Å Added whey proteins tend to delay gelation 

 



Fat separation 



Fat separation  
ÅA fat layer forms on top of milk or remains 

clinging to side of container when emptied 

ÅOften due to insufficient homogenisation  

ÅDecreases with homogenisation pressure (up to 

400 bar or 40 MPa) 

ÅCan be due to damaged homogeniser valves!! 

ÅRelated to size of fat globules - both average 

(should be < 1mm) and range; large globules 

are major problem 

ÅNumber of large globules (rule of thumb: < 2% 

should be ²5mm and < 5% should be ²2mm)  



Fat separation (cont) 

ÅNumber of large fat globules increases 

with time of storage due to coalescence 

ÅCause unclear  

ÅCan be associated with age gelation 

due to aggregation of casein associated 

with the homogenised fat globules 

 



Sedimentation 



Sedimentation 

ÅMost milks have slight sediment (~0.1% V/V) 

Å Can give milk a chalky taste 

ÅMost sediment forms during processing not during 

storage 

ÅOften not apparent at manufacture; settles during 

storage 

Å Cause of sedimentation not always obvious; can 

present intermittently 

ÅLow pH (Ò 6.5) at processing is a major cause; 

related to heat stability of the caseins 

ÅMineral balance important ï high ionic calcium is 

another major cause 

Å Increases with severity of heating 

 


