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Fig. 6. Fatty acid composition of human and 
cow•s milk lipids. 
(Data from Renner and Melcher (104)). 
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Fig. 7. Changes in fat content of human milk 
during lactation. 
Data from Guerrini et al. (53). The length of the 
bars corresponds to ± 1 standard deviation; re
gression equation for the 6 first points is shown. 

Fig. 8. Fluorescence micrograph of human milk (a) 
and electron micrograph of freeze-fractured fat 
globule in human (b) and ultra-high temperature 
treated, homogenized cow•s milk (c). 
Fig . 8b .shows the inner surface of the fat globule 
membrane because the fat core has been fractured 
out of the globule. mpi: intramembranous particles, 
mps : particles on surface of milk fat globule, 
em : casein micelles; arrows point to fat-casein 
aggregates which are formed after thermal treatment 
and homogenization. Arrowhead indicates the 
direction of shadowing. 
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Particulate constituents of human milk 

Fig. 9. Electron micrographs of membranous 
particles in human (a) and cow's (b) milk 
serum. 
Freeze-fracture replica of defatted milk samples. 
mp : membranous vesicles "lipoprotein particles", 
em : casein micelles, sm : casein submicelles. 
Arrowhead indicates direction of shadowing. 

largest amount of fat but only 10 - 30 %of the 
number of globules. This is illustrated in Fig. 
11, where the volume-frequency has been plotted 
against the diameter scale. Similar to cow's milk 
(77, 124), a shoulder in the distribution curves 
around 8 - 12 wm indicates a sub-population 
of large particles. These contribute only 
about 0.01 % to the total number of globules but 
represent l - 4 % of the volume or weight of the 
milk fat. From the limited size of the secretory 
cells which produce the fat globules, it is to 
be expected that the population of large par
ticles is a consequence of fusion of smaller 
globules after secretion (8, 58, 59) . 

Fig. 12. Changes of the number of small 
fat globules (a) (d = l- 1.5 wm), the 
average globule diameter (b), the speci
fic surface area of the fat phase (c) 
and the distribution width (d) in the 
course of lactation . 

"E 4 
3 

""' 3 ... 

~ 2 •• • 
'i5 

·. 

50 

colostrum(4days) transitional mrlk (9 days) mature milk (263 days) 

10 15 20 0 10 15 20 

globule diameter . d(iJm ) 

Fig. 10. Typical number frequency curves of fat 
globules in human milk. 
The broken lines indicate possible positions of 
three components (Coulter Counter data, from 
RUegg and Blanc (107)). 
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Fig. ll. Typical volume frequency histograms of 
milk fat globules at three different stages of 
lactation. 
(Same samples as in Fig. 10 (107); for symbols 
used see appendix). 
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The contribution of the sub-distributions 
to the total distribution changes with advancing 
lactation. Fig. 12a shows that there is about a 
10-fold decrease of the number of globules with 
diameters between 1 and 1.5 ~m during the first 
two months of lactation. The fraction of large 
globules also decreases but the main fraction of 
medium-sized particles increases in the course of 
lactation (Fig. 10). These changes affect the 
size-related parameters such as the overall mean 
globule diameter (Fig. 12b), the surface area 
(Fig. l2c), the distribution width (Fig. l2d), 
etc. The volume/surface average diameter, d s' 
increases from about 1.8 ~m in colostrum tov 
4.0 ~m after 4-5 months of lactation. A reverse 
situation is found in cow 1

S milk, where the 
average size of fat globules decreases with ad
vancing lactation (69, 96, 124). The distribution 
width, expressed as coefficient of variation of 
the surface weighted distribution (cs, see appen
dix), decreases from about 110% at 4 days post 
partum to 60± 5% after 90 days. The cs values 
for COW 1 S milk are smaller (47 - 52%)and show 
less variation (124). 

The total surface area of the fat globules 
decreases from about O.l 2m2 per ml of colostrum 
to an average of 0.05 m per ml of mature milk 
(Table 4, 107). The change of the specific surface 
area (m2 per unit weight of fat) with advancing 

lactation is shown in Fig. 12c. The surface 
area is related to the amount of membrane 
material surrounding the fat globules and there
fore to the amount of some physiologically im
portant components such as enzymes, phospho
lipids, cholesterol, trace elements, etc., which 
are associated with these membranes (Table 2, 
70, 90). The membrane material comprises about 
2 % of the weight of milk fat and is important 
for the stability of the emulsion. There are 
about 11 mg of membrane components per m2 of fat 
surface area in COW 1 S milk (90). If the same 
value is used for human milk , an amount of 0.3 
to 1.7 mg of membrane materi~l per ml of milk is 
obtained. 

If there are any differences in the compo
sition of different-sized fat globule~ they 
must be rather small. Mulder and Walstra (90) 
have summarized the conflicting results reported 
on this subject. The same authors concluded that 
small globules are more stable than large ones. 

In contrast to cow 1 s milk, creaming of fat 
globules in human milk has not yet been studied 
in detail.However, it is to be expected that the 
same mechanisms apply to both human and COW 1 S 
milk and that natural creaming is mainly deter
mined by the cluster formation through agglutin
ative properties of the milk (90, 17). A cluster
promoting agent in COW 1 S milk was found in the 

Table 4 : 
Important parameters of the fat globule dispersion in human colostrum and mature human and COW 1 S milka) 

Parameter b) Human colostrum Mature human milk COW 1 S milk Homogenized 
cow 1 s milk 

Average S.D . Average S.D. Range Range 

Fat content (%, W/v) 2.6 l.O 3.3 0.6 3.7-4.1 

Number of globules per ml of milk c) rv6 1010(2"1010) rv l.l •10 10 (3·lo9) "'1 . 5 . 1010 
3.7-4.1 

1012 - 1014 

Number of globules over 1 ~m per 
1 o9 2·109 ml of milk 6 

Surface area of fat per ml of 
mi 1 k ( m2) 0.097 0.025 

Surface area of 1 g of fat ( m2 ) 3.3 0.5 

Number average diameter, dn (~m) 0.59 

Volume average diameter, dv (~m) 0.93 

Volume/surface average diameter 
d vs ( ~m) 1.8 

Volume moment average diameter 
d vm ( ~m) 3.7 

Distribution width, c (%) 100 s 

a) After Ruegg and Blanc (107) 
b) For symbols and definitions see appendix 
c) Estimated by extrapolation of volume-frequency 

functions (human milk) 
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