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Principal Enzymes 
o  N-Acetylglucosaminidase  
o  Acid phosphatase 
o  Alkaline phosphatase 
o  Amylase 
o  Catalase 
o  Cathepsin D (and others) 
ο  γ-Glutamyl transferase 
o  Lactoperoxidase 
o  Lipoprotein lipase 
o  Lysozyme 
o  Plasmin 
o  Ribonuclease 
o  Superoxide dismutase 
o  Sulphydryl oxidase 
o  Xanthine oxidoreductase 

The native milk ‘enzome’ 
o  What enzymes are present? 
 - first enzyme in milk reported in 1881 (lactoperoxidase) 
 - around 70 identified to date, of which ~ 20 studied in detail 



Why do enzymes occur 
in milk? 
Leakage products from 
blood and/or play 
specific biological 
functions? 

Origin of many milk enzymes 
remains ill-defined 

Origin of enzymes in milk 
•  Blood plasma 
•  Secretory cell cytoplasm 

(crescents) 
•  MFGM (apical cell membrane) 
•  Somatic cells (leucocytes) 



Consider two species…… 

o  For which do we have a better understanding of 
its enzyme profile? 



Key questions about enzymes in milk 
o  What enzymes are present? 
o  What level of activity do these have? 
o  How do we measure their activity? 
o  Hydrolysis versus degradation? 
o  What physiological factors affect their level (e.g., 

mastitis, lactation – passive or active roles)? 
o  What processing factors affect their activity and 

how can we understand/exploit these? 
o  Are indigenous enzymes important for  
 - dairy product manufacture  
 - milk quality 
 - diagnostic purposes (e.g., mastitis) 
 - consumer health (positive/negative) 



Plasmin: the heat-stable milk protease 
  Principal indigenous proteinase in milk 
  Alkaline pH optimum 
  Closely associated with substrate (casein micelles) in milk 
  Principally hydrolyses β-casein to γ1, γ2, γ3 -caseins, and proteose 

peptones; also hydrolyses αs2- casein 

Complex system of regulation and control in milk (from blood) 

Plasmin Plasminogen 
Hydrolysed 

casein 

Plasmin inhibitors (heat-
labile) and autolysis 

Plasminogen 
activators 

Plasminogen activator inhibitors 
(heat-labile) 

Consequences?? 



Three phases of plasmin activity that matter 

1. In ubere (the udder) 

o  Freshly drawn milk always shows 
evidence of plasmin action 

o  Optimum temperature 
o  Time to act - variable 
o  Physiological role (e.g., induction of 

involution, Silanikove et al.)? 
o  Conversion of plasminogen 
o  Interaction with bacteria? 
o  Probably determines the main 

consequences for dairy product 
quality? 



All these characteristics make β-CN f (1–28) an ideal 
candidate for negative feedback control of milk 
secretion. Infusion of a solution composed of a casein 
digest enriched with β-CN f (1–28) into the cistern of cows, 
or infusion of pure β-CN f (1–28) into the cistern of goats, 
led to a transient reduction in milk secretion in the treated 
gland (Silanikove et al., 2000). 



2. In bulk tank (farm or 
factory) 

o  Low temperature 
o  Dilution of uneven milk 

quality? 
o  Time to act – can be long 
o  Effects of and interaction 

with psychrotrophic bacteria 
o  Slow action but can 

accumulate 
o  Self-digestion (‘autolysis’) of 

plasmin versus ctivation of 
plasminogen? 



The progressive dilution of milk 

Quarter milk 
Four independent milk-

producing units (quarters) 
- Four milk samples per cow 

Composite cow milk 
Mixture of four 
quarters’ milk 

(4 x Q) 

Farm bulk tank milk 
Mixture of all cows’ milk 

(n x 4 x Q) 

Factory bulk milk silo 
Mixture of many farms’ 

milk 
(m x n x 4 x Q) 

How much are 
quality variations 
‘averaged out’? 





3. In processed products 

o  Generally, but not always, first 
encounter thermal processing 

o  Inactivation/enhancement of 
action 

o  May be followed by short time/ 
low temperature or long time/
higher temperature storage 

o  Alternatively, milk may be 
separated, fractionated, 
converted or otherwise processed 

o  Enzymes, inhibitors, precursors, 
substrates all change or separate 

o  Not a natural environment for 
milk enzymes 



Secretion of milk and influx of 
enzymes, precursors 

Enzyme activity in the udder 

Low activity 

Many enzymes 
inactivated Residual activities 

Heat treatment? Control point 1 

Effects of milk enzymes on cheese 
– a complex system 

Critical phase of activity 



Residual activity 

Cheese-making 

Loss of 
enzymes in 

whey 
Retained activities 

Some enzymes 
inactive under 

cheese conditions 
(pH, aw etc.) 

Certain subset of 
original activities 
influence ripening 

Control 
point 3 



What does plasmin do to the casein micelle? 

o  Can plasmin cause changes in casein micelle structure 
that could influence processing characteristics? 

o  What effect does plasmin have on coagulation of milk 
by rennet? 



Influence of plasmin hydrolysis on the 
curd-forming properties of milk Mara, O., 
Roupie, C., Duffy, A., and Kelly, A.L. 
International Dairy Journal 8 807-812 
(1998)  

Effects of plasmin on the casein micelle 



Impact of plasmin on dairy 
products 

•  Consistent interest in impact on destablisation 
of UHT milk 



Impact of plasmin on dairy 
products 

•  Heat-stability still area of consistent interest 



Enzymes in high SCC milk 

•  Rich source of enzymes amplified 
relative to ‘normal’ milk 

•  Plasmin no longer the sole/main player 
•  Several enzymes identified in high SCC 

milk (e.g., lysosomal cathepsin B) 
•  New assays developed for enzyme 

detection 
•  Extensive hydrolysis allows 

identification of enzymes responsible 
•  Correlate SCC with product quality 

through enzyme activities 
•  Different pathways of enzyme (and 

immune response) depending on 
responsible agent  

•  Use of antigens allows direct study of 
milk enzymes response 





An unusual subject for a 
dairy scientist 



Human milk and bovine milk – a comparison 

Bovine milk Human milk 
3-3.5 g protein/L	

 ∼ 1 g protein/L	



Mix of four caseins (αs1-, αs2-, β-, κ-) 
is dominant protein family	



Mix of three caseins (αs1-, β-, κ-) is 
minor protein family 

Two major whey proteins (α-
lactalbumin, β-lactoglobulin)  

Major whey protein is α-lactalbumin, 
high levels of lysozyme, lactoferrin 

Caseins found in micelles Caseins found in micelles 

Plasmin is predominant native 
protease 

Plasmin is predominant native 
protease 



 Pre-term samples  Term samples 
Specific interest in term and pre-term mothers’ milk 



Comparison of milk from term and pre-term mothers 



The reference human milk proteome 1-­‐5,	
  7:	
  β-­‐CN	
  
6:β-­‐casein/immunoglobulin	
  
8-­‐9:	
  α-­‐lactalbumin	
  	
  
10-­‐17:	
  α-­‐casein	
  
18-­‐19:	
  αs1-­‐casein/β-­‐casein	
  
20-­‐22,	
  24-­‐26,	
  30:αs1-­‐casein	
  
23:	
  serine	
  protease	
  	
  
27-­‐28:	
  immunoglobulin	
  J	
  29-­‐31:	
  
αs1-­‐casein	
  /	
  β-­‐casein	
  /	
  anD-­‐
pneumococcal	
  anDbody	
  	
  
32:	
  αs1-­‐casein	
  /	
  β-­‐casein	
  
33:	
  αs1-­‐casein	
  /	
  β-­‐casein	
  /	
  α-­‐
lactalbumin	
  
34:	
  α1-­‐anDtrypsin	
  /	
  κ-­‐casein	
  
35-­‐36:	
  lactoferrin	
  	
  
37:	
  lacto-­‐transferrin	
  /	
  
immunoglobulin	
  
38-­‐40:	
  immunoglobulins	
  	
  
41-­‐44:	
  β-­‐casein	
  
45:	
  faIy	
  acid	
  binding	
  protein	
  
46:	
  β-­‐casein	
  /	
  α-­‐lactalbumin	
  	
  
47:	
  β2-­‐microglobulin	
  
48:	
  lactoferrin	
  /	
  αs1-­‐casein	
  /	
  β-­‐
casein	
  
49-­‐50:	
  αs1-­‐casein.	
  	
  



Differential expression of spots between milk samples  
Preterm milk Term milk 

Green = Specific 
Red = over-expressed 

Preterm Term 

Common spots 84 

Specific spots 69 10 

Over-expressed spots 48 7 

Under-expressed spots 7 48 

No differences 29 29 

Total spots 153 94 



A putative mechanism 

Modulation of proteins and enzymes to fit needs of neonate or 
physiological consequence of maternal stress? 



Conclusions… 
•  Milk enzymes a niche but rich field of research 

in dairy science 
•  Plenty of questions remain about role and 

significance of indigenous milk enzymes such as 
plasmin 

•  Studies of bovine and human milk have revealed 
new physiological aspects of enzyme roles 

Thank you for the 
invitation to be here and 

for your attention! 


