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11.1. MILK AND DAIRY 
PRODUCTS 
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Physico-chemical properties 
 

Disperged particles in the milk:  
- fat droplets,  
- casein micelles,  
- globular proteins (whey proteins) 
- lipoprotein particles (microsomes)  
- somatic cells (leucocytes). 
 

Solubilized compounds: minerals, carbohydrates. 
 

Colour is derived from the light absorption milk fat globules and protein 
(skim milk is also white).  
Grazing on pasture → carotene ingestion → yellowish colour. 
 

Taste: mildly sweet (lactose), usually quite faint. 
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In fresh milk: pH 6.5–6.75,  
Soxhlet–Henkel (ºSH) acid degree: 6.5–7.5. 
 

Freezing point: −0.53 to −0.55 °C (detection of watering of milk.) 
 
Milk proteins  
 

The ratio of the individual fractions depends on genus.  
Casein fraction: α, β, γ, κ. 
Whey proteins:  
- α-lactalbumin  
- β-lactoglobulin  
- serum albumin  
 

- immunoglobulin G1, G2, A, M,  
- proteose-peptone fraction 

several genetic variants 
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Modell of casein micelle 
 

- Subunits (30 different casein monomers). 
- Calcium phosphate bridges → aggregation to large 
micelles. 
- κ-casein is situated on the surface of submicelles 
              -  hydrophilic C-termini protrude like hairs 
     from the surface.  

The main portion of casein is aggregated to complexes (50–300 nm) 
Monomers (soluble caseins) → casein complex → micelle (calcium 
caseinate + calcium phosphate). 
 

Important interactions: Hydrogen bonds, electrostatic interactions 
(calcium/calcium phosphate bridges between phosphoserine and glutamic 
acid residues), hydrophobic interactions. 
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If the entire surface of the forming micelle is covered with κ-casein the 
aggregation of submicelles terminated (steric repulsion). 

Destabilization of the casein micelle system 
 

1. Curd formation by renneting 
 

κ-casein – prevents the coagulation of casein micelles:  
- Soluble in the presence of Ca2+. 
- Present together with αs1- and β-caseins avoiding their precipitation. 
Rennet (chymosin, rennin) cleaves the peptide chain of κ-casein → para-κ-
casein, glycopeptide.  
The very hydrophobic para-κ-casein remains on the surface → hydrophobic 
interactions: driving force for gel formation. 
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Para-κ-casein precipitates (Ca2+) → loses its protective effect  
→ curd formation (casein micelles coagulate). 
The resulting gel consists of associated paracasein micelles and included fat 
globules. 
 

The rate of gel formation is proportional to temperature (thermic treatments 
during cheesemaking). 
 
2. Casein coagulation by souring  
 

Caused primarily by hydrophobic interactions. 
 

Acidification → migration of calcium phosphate and 
monomeric casein → the micelle structure changes → swelling. 
Dissolved casein reassociates → gel network. 
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Regulation of the gel structure 
 

Changing the hydrophobicity of the micelle surface. 
 

Case 1. Syneresis is undesirable e. g., in yoghurt. 
 

Heating (85–90 °C, 10 min) → β-lactoglobulin denaturates → covalently 
bound to κ-casein → hydrophobicity of the micelle surface decreases → 
weaker interactions → the gel is more stable (exhibits no syneresis). 
 

Whole-milk yoghurt: the gel stability is lower than that of skim-milk 
yoghurt due to fat globules in protein network. 
Case 2. Syneresis is desirable e. g. cottage cheese. 
 

The heat treatment is moderated to avoid β-lactoglobulin denaturation 
and shielding of the surface. 
Chymosin is applied prior to acidification → the surface hydrophobicity 
is increased. 
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Carbohydrates of milk 
 

The main sugar: lactose (4–6%).  
Less sweet than fructose, glucose or sucrose.  
 

Glucose, amino sugars and oligosaccharides in small amounts.  
 

Lactulose: artifact derived from lactose during thermal processing of milk. 
(E. g. condensed milk: 1% of lactulose). Sweeter than lactose.  
 

Lactose free milk for people having lactose intolerance: galactose is 
hydrolized to glucose and fructose with β-1,4-galactosidase. 
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Milk fat 
 

Present in droplets (0.1–10 μm).  
Triglycerols: 95–96% 
Lipid core (triglycerols) + membrane (phospho- and glycolipids, protein 
double layer). 
 

Homogenization: milk is forced through small passages under pressure  
(< 35 MPa) at 50–75 °C → turbulence, cavitation and shear forces → 
dezintegration into smaller droplets (< 1 μm) 
Cream will not be separated even after prolonged standing.  
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The fatty acids of milk fat: 
 

- Relatively high ratio of low carbon number fatty acids e. g. butyric acid 
(in the milk of ruminants). 
 

- The proportion of linoleic acid is low: the bulk amount of linoleic acid 
originated from feed is hydrogenated in the rumen. 
It can be enhanced by the addition of encapsulated plant oil to the feed.  
 

Disadvantages:  
 

1. Increased susceptibility to oxidation. 
2. Development of undesirable flavours e. g. unsaturated lactones (γ-dodec-
cis-6-enolactone). 
 

- Odd-C-number, branched-chain and oxo-fatty acids are also present in 
small quantities. 
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Phospholipids: 0.8–1.0% in fat. 
 

Sterols (cholesterol): 0.2–0.4%.  
 

Milk fat globule membrane proteins (MFGM proteins) 
Dangerous for the health of sensitized persons. 
 

The membranes of the fat globules prevent lipolysis. Homogenization → 
fat globule surface area is increased → casein participate in membrane 
formation and enzyme proteins are also dominant. 
 
Lipases bind to the fat globules → hydrolyze the triacylglycerols at a high 
rate → rancid off-flavour (unpalatable milk). 
 
 
 

Pasteurization is required before milk homogenization. 
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Vitamins 
 
The percentage of the vitamin requirement that can be provided with the 
consumption of 1 litre of milk: 
 
A   (retinol) –  46% 
B2 (riboflavin) – 104% 
B12 (cobalamin) – 113% 
B1 (thiamine)   – 32% 
C (ascorbic acid) – 30 % 
Folic acid – 15% 
E (tocopherol) – 11% 
D2 (kolekalciferol) – 32% 
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Minerals  
 

Milk is a rich source of calcium and phosphorus.   
The daily needs of calcium and phosphorus of an adult person can be 
supplied with 7 dl milk. 
 

There is a correlation of milk consumption of population and the 
supplementation of these elements.  
 

The absorption of calcium from milk is very efficient 
- Calcium mostly present in protein-bound form. 
- Lactose, vitamin D and citric acid also promote absorption.  
 
Organic acids 
 

Citric acid predominates but further decomposes due to bacterial action. 
Orotic acid (intermediary product).  
Fermentation: Lactose → organic acids (e. g. lactic, acetic acid). 
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Enzymes in milk 
 

- Detection of the extent of heat impact. 
Evaluation of the effectiveness of pasteurization → inactivation of the 
alkaline phosphatase. 
- Their remaining activity influences processing properties. 
 

Plasmin 
 

Hydrolyzes β-casein and α-casein. 
Pasteurization only slightly inactivates plasmin, but completely eliminate 
the inhibitors of plasminogen activator → plasmine activity during storage 
of pasteurized milk. 
 
Exert an effect on the ripening process of cheeses (Camembert).  
- Aroma formation is improved.  
- The ripening is accelerated.  
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The effect of heat treatment on milk constituents 
 

Sterilization →  reactions between lactose and free amino 
groups (Maillard reaction) 
→ rising in the level of hydroxymethyl furfural (HMF). 
→ browning of milk.  
 

In glycerides esterified with hydroxy- or keto fatty acids – formation of: 
 → δ-lactone (pleasant odour)  
 → methyl ketone (in milk fat an undesirable, unpleasant odour “perfume 
rancidity”). 
 

Calcium phosphate precipitation on casein micelles. 
 

Modification of the membranes of milk fat globules → cream separation 
properties change. 
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The effect of thermal processing on the vitamin content of milk 

Type of heat 
processing 

  Loss % 

Thiamine Pyridoxine Cyano- 
cobalamine 

Folic acid Ascorbic 
acid 

Pasteurisation < 10 0−8 < 10 
 

< 10  10−25 

UHT-
technology 

0−20 < 10 5−20 5−20  5−30 

Boiling 10−20 10 20 15 15−30 

Sterilization 20−50 20−50 20−100 30−50 30−100 
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At higher temperatures/with longer heating  
→ Whey proteins denature. 
Souring or addition of chimosin → the pH is in the range of their isoelectric 
points.  
→ Coprecipitation (denatured whey proteins and casein). 
This coagulation process is important in cottage cheese production. 
 
Casein coagulation: only at high temperatures. 
Sodium or calcium caseinate solutions are dephosphorylated at 120 °C for 
5h. 
- The pH exert an important effect on the coagulation propetries of casein 
→ at lower pH the coagulation temperature is lower.  
- The heat stability of milk is inversely proportional to the concentration of 
free calcium. 
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Heat treatment 
 
 
Thiol-disulfide exchange reaction between κ-casein and β-lactoglobulin. 
 
 
κ-casein become less susceptible to hydrolize due to the action of 
chymosin. 
 
 
Retardation of the rennet coagulation of heated milk. 
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