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ABSTRACT: A total of 1,046 milk samples from 188 
Canadian Holstein cows were analyzed for mean milk fat 
globule size and casein micelle size. Milk fat globule size 
was calculated as both as volume moment mean and surface 
moment mean. High heritabilities were found for both 
expressions of the trait at 0.57 and 0.50, respectively.  
Additionally, a very high genetic correlation of 0.94 was 
found between the volume and surface moment means. A 
heritability of 0.29 was found for casein micelle size. 
Positive genetic correlations between casein micelle size 
and milk fat globule volume and surface moment means of 
0.16 and 0.11, respectively, were found. The genetic 
parameters found for the traits examined indicate a genetic 
component to their size and selection may be possible. 
Keywords: Dairy cattle; Milk fat globule; Casein micelle; 
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Introduction 
 

 Milk fat globules (MFG) consist of a triglyceride 
core, surrounded by a thin membrane and are secreted in a 
wide variety of sizes. Walstra (1969) reported MFG with a 
diameter less than 1 µm represented 80% of MFG, but only 
5% of milk fat volume, while MFG ranging from 1 to 8 µm 
comprised approximately 94% of fat. The remaining 1 to 
2% of the fat volume is from few, large MFG greater than 8 
µm in diameter. The distribution and average diameter of 
MFG can depend on a variety of factors including breed, 
parity, stage of lactation, and diet (Walstra, 1995; Wiking et 
al., 2003; Carroll et al., 2006). There is current interest in 
the size of milk fat globules (MFG) produced due to 
differences in size having a reported impact on the physic-
chemical and nutritional properties of milk and milk 
products (Michalski et al., 2003; Wiking et al., 2004). It has 
been proposed in sheep that the differences in the fatty acid 
composition of milk with different sized MFG may be due 
to the ratio of the MFG core to membrane (Martini et al., 
2013a; Martini et al., 2013b). The components of milk fat 
globule membranes have been shown to have a beneficial 
effect on human health. By decreasing the dimensions of 
the fat globules and by increasing the content of the milk 
membrane milk production could be adapted to specific 
consumer targets and to the improvement of milk 
nutritional properties. The size of casein micelles has also 
been suspected to influence various technological properties 
of milk and its composition (Glantz, 2010). Casein micelles 
have been shown to be polydisperse and their size differs 

across individual cows (De Kruif & Huppertz, 2012). The 
composition of casein micelles as a function of their size is 
not well agreed upon but the proportion of casein protein 
classes, particularly κ-caseins, have been shown to differ 
(Dalgleish et al., 1988). Little work has been done to 
examine the genetic basis of these traits. 
 
 Mid-infrared (MIR) spectrometry is routinely used 
by milk recording labs to predict the major components of 
milk in a rapid and inexpensive manner for use in herd 
improvement and genetic selection. MIR spectral data has 
recently been used for the prediction of more minor milk 
components such as individual fatty acids (Soyeurt et al., 
2006). Once generated, MIR spectrometry prediction 
equations can be used to find values for components for all 
milk samples during routine milk testing with MIR spectral, 
creating a large number of records for traits which would be 
difficult and expensive to do by traditional methods. 
Improved fatty acid calibration equations by Soyeurt et al. 
(2011) perform with enough accuracy for some fatty acid 
groups to be used in milk payment systems and for animal 
breeding purposes. Since MFG of various sizes have been 
shown to have differences in their fatty acid profiles, it may 
be possible to predict MFG size, as well as casein micelle 
size which may also show differences in composition, using 
MIR spectroscopy. If MFG and casein micelle size are 
under some genetic control in Canadian dairy cows, MIR 
spectroscopy may be a future tool for selection in these 
traits. The objective of this research was to estimate genetic 
parameters of mean MFG and casein micelle size to 
evaluate the possibility of future genetic selection.  

  
Materials and Methods 

 
Data. A total of 1,046 fresh, whole milk samples 

collected between April and November 2013 were provided 
by CanWest DHI (Guelph, Canada). Milk samples were 
collected from 188 Holstein cows from 19 Ontario herds 
participating in milk recording services. A minimum of one 
milk sample per cow was available with an average of 5.56 
samples per cow. Most samples were collected over a single 
parity with some animals having records across two 
parities. DHI production record and full pedigree records 
including 19,616 individuals were provided by Canadian 
Dairy Network (Guelph, ON). 

 
 Milk Analysis. A preservative was added to the 
fresh milk samples and analyses were performed between 2 



and 13 days after collection (average of 4.5 days). Fat 
globule size distribution was measured by integrated light 
scattering using  Malvern Mastersizer 2000 (Southborough, 
MA) using a refractive index of 1.46 for milk fat, and 1.33 
for the dispersant (water). Samples were diluted 1:1 in 80 
mM EDTA solution at pH 7, immediately before 
measurement, to minimize the signal from the casein 
micelles.  The diameter of the fat globules was recorded as 
volume moment mean (D[4,3]), and surface moment mean 
(D[3,2]): 𝑑 𝑘, 𝑧 = 𝑁!𝑑!! / 𝑁!𝑑!!, where Ni is the 
number of globules in a size class of di. Preliminary tests 
showed that there was no effect of the bacteriostatic in the 
measurement. Casein micelle size was measured on the 
skim milk portion using dynamic light scattering (DLS) 
after resuspending in an imidazole buffer. Summary 
statistics for the traits analysed are shown in Table 1. Not 
all milk samples had recorded values for both MFG size 
and casein micelle size due to precipitation in some of the 
samples. 
 
Table 1. Summary statistics of volume moment mean of 
milk fat globules (D[4,3]), surface moment mean of milk 
fat globules (D[3,2]), and casein micelle size (Casein). 

Trait Nrec Nanim Mean SD Min Max 
D [4,3], µm 827 185 4.14 0.53 2.78 6.94 
D [3,2], µm 827 185 3.46 0.38 0.33 4.73 
Casein, nm 989 188 139.7 14.1 93.7 227.0 

 
 

Model. A trivariate linear animal model was fitted 
using the AI-REML procedure in the DMU package 
(Madsen and Jensen, 2008). The model for D[4,3], D[3,2] 
and casein micelle size included fixed effects of herd-test 
date (123 classes), parity (4 classes, from 1 to ≥ 4) and days 
in milk (11 classes, 1 = 5-30 DIM, 2 = 31-60 DIM, …, 10 = 
271-305 DIM, 11 = 306-400 DIM), and random additive 
genetic animal effect (19,616 levels), random permanent 
environmental effect (188 levels), and random residual 
effect. 
 

Results and Discussion 
 

Mean diameters were 4.1 µm, 3.5 µm, and 139.7 
nm for D[4,3], D[3,2], and casein micelle, respectively. The 
average MFG diameter is greater when expressed as D[4,3] 
than D[3,2] due to D[4,3] being more sensitive to the 
presence of large particles in the size distribution and 
reflects more the larger MFG contributing more of the 
sample volume. D[3,2] is most sensitive to fine particles in 
the size distribution and may be more relevant when the 
amount of MFG membrane material is of interest. The 
mean MFG size expressed as both D[4,3] and D[3,2] 
decreased as lactation progressed (Figure 1). This is in 
agreement with Wiking et al. (2004) who found MFG 
decrease in size with advancing lactation as fat yield 
decreases. The mean casein micelle size varied 
phenotypically as a function of days in milk class (Figure 

1). Casein micelle size was at its smallest in the 60 to 91 
days in milk class. De Kruif and Huppertz (2012) did not 
observe a difference in the size of the casein micelles with 
the stage of lactation in the milk of individual cows. 
However this study examined only 18 cows from a single 
herd. Data from the present study needs to be explored 
more to investigate the variation in casein micelle size with 
progressing days in milk for individuals. Estimated 
variances for the trivariate animal model are displayed in 
Table 2. The heritabilities and genetic correlations for all 
traits are shown in Table 3. High heritabilities of 0.57 and 
0.50 were found for D[4,3] and D[3,2], respectively. These 
heritabilities are greater than those found by Cabassi et al. 
(2014) which may be due to sample size (~50 cows in the 
Italian study), a difference in methods and the elimination 
of the possible interference of caseins in the present study. 
A moderate heritability of 0.29 was found for casein 
micelle size. The genetic correlation between D[4,3] and 
D[3,2] was very strong at 0.94. This high correlation was 
expected as the two are measuring the same trait but are 
biased towards different ends of the size distribution. Using 
either measure of MFG mean diameter for selection will 
give similar outcomes. Positive genetic correlations were 
found between micelle size and D[4,3] and D[3,2] (0.36 and 
0.38, respectively), although large standard errors were 
associated with them. Both MFG and casein micelle size 
were found to have a genetic influence and selection on this 
traits may be possible. 

 

	  
Figure 1. Phenotypic relationship of volume weighted 
mean of milk fat globules (D[4,3]), surface weighted 
mean of milk fat globules (D[3,2]), and casein micelle 
size (Casein) with days in milk class with days in milk 
class (DIM). 

 
Table 2. Estimated variances with standard errors in 
brackets of trivariate analysis of volume moment mean 
of milk fat globules (D[4,3]), surface moment mean of 
milk fat globules (D[3,2]), and casein micelle size 
(Casein). 

Trait D [4, 3]1 D [3, 2]2 Casein 
Animal 
variance 

0.116 
(0.044) 

0.057 
(0.026) 

48.209 
(29.008) 

PE variance 0.012 
(0.037) 

0.009 
(0.022) 

28.498 
(26.553) 

Residual 
variance 

0.076 
(0.005) 

0.049 
(0.003) 

92.363 
(5.001) 



Table 3. Estimated genetic parameters1 for volume 
moment mean of milk fat globules (D[4,3]), surface 
moment mean of milk fat globules (D[3,2]), and casein 
micelle size (Casein). 

Trait D [4, 3] D [3, 2] Casein 

D [4, 3]  0.57 (0.14) 0.94 (0.05) 0.36 (0.34) 

D [3, 2]   0.50 (0.15) 0.38 (0.38) 

Casein   0.29 (0.13) 
1Heritabilities on diagonal and genetic correlations above diagonal with 
their standard errors in brackets 

 
 

Conclusions 
 

Milk fat globule size was found to be highly 
heritable and reveals a possible trait for selection to 
improve or produce specialized milk, although this trait is 
not currently widely used and more research is needed. A 
moderate heritability for casein micelle size indicates a 
genetic component to the formation and size of casein 
micelles and selection may be possible. New records from 
Valacta (Sainte-Anne-de-Bellevue, QC)	   collected since 
December 2013 should increase the number of records, and 
lower standard errors are expected for estimates. 
Furthermore, MIR spectral data has been collected on all 
collected milk samples and will be matched with the 
records for the lab analyzed traits. This will be the basis of 
the creation of prediction equations for these traits from 
MIR spectral data. Prediction equations may be used to 
predict MFG and casein micelle size for all cows in milk 
recording programs that have milk spectral records. 
Predicted values on a large number of individuals will 
permit more accurate selection to be performed if needed. 
Future work will also investigate the genetic relationship 
between the examined milk fat globule and casein micelle 
size traits, minor milk components, and milk production 
traits of importance, and utilize MIR spectral data for 
evaluation of these milk qualities in Canadian dairy cows.  
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