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Introduction and Aim 
The caseins (CN) in milk, αS1-, αS2-, β- and κ-CN form micelles in milk with an 

average volume weighted diameter of 120 nm. These micelles are of great 

importance for cheese and yoghurt production as they are part of the gel 

structure. The size of the micelles is affected by the relative amounts of 

different CN and consequently by CN genetic variants.  

 

The aim of this study is to investigate the effect of casein genetic variants 

and milk composition on casein micelle size. 

 

Conclusions 
 Composite genetic casein variants have an effect on casein micelle size 

and size distributions 

 The most common composite casein genetic variants A1A2/AE and 

A2A2/AA result in milk with large casein micelles 

 Higher relative amounts of β- and κ-CN results in smaller micelles 

 A decrese in micelle size improve the properties of rennet-induced gels 

Methods 
Samples were collected from 110 Swedish Red cows genotyped for αS1- 

(CSN1S1), β- (CSN2) and κ-CN (CSN3) with PCR. Skim milk samples were 

measured using dynamic light scattering and the volume weighted diame-

ter D(4,3) was recorded together with the distribution span (the width of 

the size distribution). Relative concentrations of αS1-, αS2-, β- and κ-CN were 

determined using capillary zone electrophoresis. Rennet-induced gelation 

was carried out on skim milk with low-amplitude oscillation measurements. 

Protein content was measured using IR, total calcium and phosphorus was 

measured using ISP-AES and free calcium using a calcium electrode. 

 D [4, 3], nm Distribution span 

Protein, g/100g − 0.1 − 0.2† 

αS1-CN 9P, wt%     0.3*    0.2* 

κ-CN 1P, wt% − 0.3* − 0.3* 

β-CN, wt%  − 0.3**   − 0.3** 

Free Ca2+, mM    0.2†      0.3** 

Total P, mg/kg − 0.2     − 0.2* 

 D [4, 3], 
nm 

Span Free Ca2+, mM Total Ca, 
mg/kg 

total P, 
mg/kg 

tg    0.2†   0.1 − 0.6*** − 0.2† 0.1 

G’40 − 0.3* − 0.2*    0.5***      0.4***  0.2* 

σy  − 0.3**  − 0.3**    0.4***      0.4***   0.4** 

* 

** 

* 

* 

** 

* 

* 

* 

* 

* 
† 

Figure 1 Estimated differences in casein micelle diameter, D[4,3] (a) and dis-

tribution span (b) comparing composite β-κ-CN genotypes to the most com-

mon β-κ-CN genotype, A1A2/AE. †- P < 0.1, * -  P < 0.05 and ** - P < 0.01  

a 

b 

Results and discussion 

The composite β-κ-CN genotype A1A2/AE is the most common genotype in 

the SR (19%) followed by A1A2/AA (17%) and A2A2/AA (15%). Cows with 

the composite genotypes A2A2/AA and A1A1/EE gave milk with significantly 

larger casein micelles and with wider distribution spans than milk from 

cows with A1A2/AE (Figure 1). Further, cows with composite genotypes 

A1A2/AB, A1A2/AA and A1A1/AA gave milk with significantly smaller casein 

micelles than cows with the most common composite genotype. Milk from 

cows with the composite genotypes that which gives small casein micelles 

also give better rennet gels than the most common composite genotype 

(see poster ”Effect of casein genetic variants on rennet-induced gelation in 

Swedish Red ”) 

Table 1 Pearson correlation coefficient for linear correlations between  

casein micelle size (D[4,3]), distribution span and milk composition.  

†- P < 0.1, * -  P < 0.05 and ** - P < 0.01  

Both casein micelle size, D[4,3], and the distribution span increase with re-

lative concentration of αS1-CN 9P and concentration of free Ca2+ (table 1). 

Further, casein micelle size and distribution span decreases with increasing 

relative concentrations of κ- and β-CN. The distribution span decreases with 

increasing protein and total P concentrations.  

   Casein micelle size and calcium contents are important for rennet-
induced gelation. Table 2 shows that both gel strength (G’40) and yield 
stress (σy) increases with decreasing casein micelle size and with decreasing 
distribution spans. Both free and total Ca concentrations together with to-
tal P concentration has a strong positive effect on  G’40 and σy. Higher con-
centrations of free and total Ca together with total P leads to shorter tg. 

Table 2 Pearson correlation coefficient for linear correlations between  

casein micelle size, distribution span, milk composition and rennet-gel traits. 
tg - gelation time, G’40  - gel strength 40 minutes after rennet addition and σy -

yield stress of the gel.  †- P < 0.1, * -  P < 0.05 and ** - P < 0.01  


