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Abstract 

Fat i n  mi lk a nd cream is present as t iny droplets, which are each enveloped in  a thin membrane, 

cal led the mi l k fat globule membrane (MFGM) .  The MFGM can easi ly be d amaged by factors 

such as pum pi ng the mi lk and a pply ing other forms of agitation. MFGM damage is believed to 

reduce processing efficiency and compromise the qual ity of manufactured products. 

A comprehensive review of the l i terature showed that our understanding of changes occurring i n  

the MFGM post secretion of the fat globule by the mammary secretory cel l i s  sti l l  rud imentary . 

Furthermore, it was found that a fundamental understand i ng of MFGM damage in  raw mi l k is 

lacki ng. Hence, this study sought to develop analytical techniques for study ing the MFG M .  

Fl uorescent probes were identified that associated with the MFGM ( bov ine ,  ov ine, human) i n  

one of two ways: either by embedd i ng in the phosphol ip id bi layer ( l i poph i l i c  probe) or by b ind ing 

to carbohydrate moieties of glycosylated chains i n  the glycocalyx ( lectin probes). The use of 

these probes, i n  combination with either conventional fluorescence m icroscopy or confocal l aser 

scanning microscopy, allowed 2-D images and 3-D images of fat globules to be made. 

Appl ication of water-soluble l i pophil ic probes and the lecti n wheat germ agglutin in  (WGA) 

d i rectly to m i l k  a l lowed the sta i n ing of the MFGM in its native env ironment. Variable distribution 

patterns of the probes in the MFGM were observed , wh ich suggests that the MFGM of fat 

globules i n  harvested mi l k is structurally and chemical ly heterogeneous both with in and among 

globules from the same species and between species, and even among fat globules with in the 

mi lk  of an ind ividual animal .  Furthermore, the bind ing behav iour of WGA to the MFGM of native 

fat globules ( i n  bovine mi lk) and washed fat globules ( i n  model systems) fol lowing heat 

treatment i m pl icated �-Iactoglobu l i n , a-lacta lbumin ,  immunoglobu l i n  M a nd/or the glycosylated 

proteins Periodic acid Schiff 6/7 in the disappearance of fat globu le aggregation upon elevated 

heat treatment of mi lk. The resu l ts of the current study showed that the use of mem brane­

specific fluorescent probes, particu larly i n  combi nation with confocal laser scanning m icroscopy , 

has significant potential for prov id ing real time structu ral and chemical i nformation about the 

MFGM i n  matrices such as harvested m i l k  and milk products. 

In addit ion to the fluorescence microscopy techniques, development of other techniques was 

also conducted . Flow cytometry was shown to have significant potential for the quantitative 

determi nation of various properties of fat g lobules and their mem branes . Although no su itable 

sample preparation technique cou ld be developed i n  this study, atomic force microscopy is 

bel ieved to have significant potential for studying structural and physical properties of the 

MFGM. Selective harvest ing of indiv idual  fat globules was shown to be possible by using a 

micromanipu lator. In future work, this technique is expected to be used i n  combination with 

fluorescence m icroscopy, or atomic force microscopy. 

The present study has shown that the development and appl ication of novel analytical 

techniques has advanced , and in the future wil l  further advance, understanding of the MFGM. 
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