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Ahstract 

Abstract 

The isolat ion  of  m i lk fat globule membrane ( MFGM) material from buttermilk on a 

commercial scale has provided a new ingred ie nt rich in phospho l ip ids and sphingo l ip ids .  

The aim of this project was to  explore the possibi l ity  of producing Iiposomes from MFGM­

derived phospho l ipid matieral ( Phospho lac) and to compare the propert ies of  these 

l iposomes with those produced from commercial soy phospho lipid fract ions ( S igP3644 and 

Ultralec) . The technique used for l iposome production was to be suitable for use in the food 

industry. 

All three phosphol ip id fractions were primari ly composed of phosphat idyl chol ine and 

phosphatidyl ethano lamine, but the dairy-derived Phospho lac also contained approximately a 

third sphingomyelin.  It also had a more highly s aturated fatty acid profile, and contained a 

s ignificantly higher proportion of protein than the soy-derived fractions. 

The phosphol ip id fractions were dispersed in an aqueous system and cycled through a 

Microfluid izer R (a h igh-pressure homogeniser) to successfully produce l iposomes.  These 

were t hen characterised us ing a wide range of techniques .  

The hydrodynamic diameter of the liposomes,  measured usmg Photon Correlat ion 

Spectroscopy, ranged from an average of �95 nm tor the Phospholac dispersion to �80 nm 

for the S igP3644 and Ultralec samples. All three dispersions had a very wide particle s ize 

d istribut ion. Electron microscopy showed that all three dispersions appeared to be primarily 

unilamellar, but there was a small percentage of mult ilamellar and mult ives icular l iposomes . 

The unilamel lar nature of the d ispers ions was further supported by the small-angle X-ray 

diffract ion images and 3 1 P-NMR results. 

The S igP3644 d ispersion had a much higher permeabil ity than e ither the P hospho lac or  

U ltralec sample, with  minimal d ifference betwee n  the Phospholac and Ultralec samples at 

e ither 20  or 40 oc. Differential scanning calorimetry (DSC) found that S igP3644 and 

Ultralec had phase transition temperatures below 0 °C, while Phospholac dispersions showed 

a very broad transit ion with a centre between 28 and 30 oc. However, these d ifferences did 

not appear to relate to the membrane permeabil ity at its phase trans it ion temperature. The 

Phospholac and U ltralec bi layers were approximately 20% thicker than S igP3644 

membranes, with no s ignificant change in thickness  between 20 and 40 oc. 
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The l iposomes produced  from the Phospholac fraction showed considerably i mproved 

stabi l ity  under a variety of environmental condit ions than those produced from soy 

phospho lipids. The Phospholac dispersions were able  to withstand more severe processing 

treatments, were stable for longer periods at h igher storage temperatures, and were less 

affected by changes in pH and in ionic concentration. I t  is thought that these differences are 

due to the h igh sphingomyel in concentration and more saturated fatty-acid profile of  the 

dairy-derived fraction.  

There were noticeable differences in entrapment characteristics of the fractions .  H was 

found that the entrapment efficiency o f hydrophobic compounds was directly proportional to 

the solubil ity of the compound in the so lvent phase used for d ispersion .  H ydrophilic 

entrapment was also investigated, but the rapid d itius ion  of  the small hydrophil ic molecules 

through the l iposome membrane prevented quantificat ion  of the entrapment efficiency. To 

produce liposome d ispersions suitable for the encapsulat ion  of hydrophilic material, further 

work must be completed to reduce the membrane permeabi l ity. 

D ifferences in the properties of the l iposome d ispers ions appear to be related to the 

compos it ion differences between the phosphol ip id  fractions, and it may be possible to 

explo it the unique composit ion of  the MFGM phospho lipid material in the del ivery o f  

b ioactives in functional foods. 

ll 



Acknowlegements 

Acknowledgements 

I have been very fortunate with the support and assistance that I have received throughout the 

course of this research project. Many people have freely and graciously helped with my work 

and impacted positively on my life during the last 4 years, and I take this opportunity to convey 

my sincere thanks to them. 

It was not until I was well into my project that I appreciated the wisdom of the saying: 'chose 

your supervisor, not your topic'. I am very grateful to my chief supervisor, Professor Harjinder 

Singh, for his thoughtful commentary, practical advice and faith in my ability. Or Derek 

Haisman was usually my first port of call when I needed to discuss a new idea or problem. He 

quickly and graciously read all of my first drafts and listened kindly and sympathetically 

whenever I needed reassurance. I am also grateful to Assoc Professor David Harding, for his 

softly-spoken advice, and for returning my manuscripts before anyone else with an apology for 

taking so long; and to Or Palatasa (Tasa) Havea, for gently manoeuvring me into the Dairy 

Industry in the first place. 

I would like to thank all of the people who provided technical skills and support, without which I 

would have been floundering. From Fonterra Innovation, Drs Skelte Anema and Edwin Lowe 

for all their advice and assistance with the Zetasizer and AFFF, and Robyn Hirst for performing 

the Thin-section TEM. Or Thomas Rades and his team from the National School of Pharmacy, 

University ofOtago, for helping with the characterisation of the liposomes, particularly through 

providing the Cryogenic SEM images. From the Institute of Fundamental Science, Professor 

Geoff Jameson for performing the small-angle x-ray diffraction measurements and Or Pat 

Edwards for his assistance with the use of NMR to measure I iposome Jamellarity and entrapped 

volume. I also would like to thank Dr Jason Hindmarsh (Riddet Centre) for explaining to me 

how NMR may be used to measure membrane permeability; Or Alisdair Noble (Institute of 

Information Sciences and Technology) for assisting with statistical analyses; Or Colin Downes 

(Industrial Research Ltd) for providing the Differential Scanning Calorimetry results; Ashley 

Duncan (University ofOtago) for the GC analysis of fatty acids and Or Phi! Pearce (Institute of 

Food, Nutrition and Human Health) for his assistance in measuring phospholipid concentrations. 

Ill 



Acknowlegements 

Thanks also to Xiang Zhu (Peter) and Michelle Tamehana (both of the Riddet Centre) and 

Warwick Johnson (Institute of Food, Nutrition and Human Health) not only for their technical 

help, but more importantly for their friendship and advice on the world at large. 

Thank you to my friends and flatmates, who have been tolerant when I snapped at them after yet 

another mechanical failure, tried to understand when I headed to bed early again because I was 

just too tired, and were willing to talk for hours about anything other than my thesis. Hopefully 

by the time any of you read this, you will never again have to tentatively enquire whether we are 

still not talking about the PhD I 

I am extremely lucky to belong to a family who consider education a natural and important part 

of life. I have often turned to my parents tor guidance and reassurance during my research and 

the preparation of this thesis, and am extremely grateful tor their sympathetic, practical advice. 

They were always there to remind me that if it was easy, everyone would have a PhD; but never 

wavered in their total confidence that I would (eventually) have one myself 

I also wish to thank two of my best friends: Adrian, who helped me get through the highs and 

lows of the first years of my thesis and who has continued to have unconditional faith in me; and 

Timothy, tor his patience, encouragement and for ensuring I never forget that there is more to 

life than work My friendship with both of them has added to my enjoyment and understanding 

of life and of people, and I hope we will continue to challenge and support each other in the 

years ahead. 

Finally, I'd like to share two quotes which have kept me company throughout this part of my life. 

They have helped me keep everything in perspective, especially during the preparation of this 

thesis, emphasising that things do not necessarily have to work in order to be worthwhile, and 

reminding me that with determination, perseverance and sheer hard work almost anything can be 

achieved. 

"Make evetything as simple as possible, but not simpler." 

Albert Einstein 

"I have not failed. I've just found I 0,000 ways that won't work." 

Thomas Alva Edison 

IV 



Tahle ofcontents 

Table of contents 

Abstract 

Acknowledgements iii 

Table of contents V 

Chapter 1: Introduction 1 

Chapter 2: Literature review 3 

1.1 Introduction 3 

2.2 Mil k  fat globule membrane (MFGM) 3 

2.3 Phospholipids 6 

2.3.1 Bas ic s truc ture 6 

2.3.2 D ifferences be tween p hosp hol ip id sources 10 

2.3.3 Phosp hol ip ids and hum an healt h  12 

2.4 Liposomes 13 

2.4.1 L iposome forma tion 14 

2.4.2 Phase trans ition 16 

2.4.3 E ffec t  of s terols on l iposome c harac ter is tics 18 

2.4.4 L iposome s tructure 19 

2.4. 5 L iposome compos ition 23 

2.5 Liposome preparation methods 17 

V 



Table ofcontents 

2. 5. 1 Extrusion 

2 . 5 . 2  Micro fluidization 

2. 5 . 3  Pro-liposome 

2.6 Liposome characterisation 

2.6.1 Phosp holipid con ten t 

2.6.2 Size distribu tion ofl iposomes 

2.6.3 Entrapped volume 

2.6.4 Lamella ri ty 

2.6 . 5  Rela ti onship be tween liposome size, s hape ,  en trapped volume and lamel lari ty 

2.6.6 Phase transi tion temperature 

2.6.7 Permeabili ty 

2.6.8 Liposome s tabili ty 

2 .  7 Encapsulation 

2. 7.1 Hydrop hilic entrapment 

2. 7.2 Hydrop hobic en trapmen t 

2. 7. 3 Removal of unentrapped material 

2.7.4 En trapmen t e fficiencies 

2 . 7.5  Release of en trapped material 

2.7.6 Percen tage release 

2.8 Sterilization techniques for l iposome dispersions 

2.9 Commercial uses of liposomes 

2.9.1 Pharmaceu tical indus try 

2 . 9.2 Food industry 

2 . 1 0  Concluding remarks 

V I  

28 

29 

31 

32 

3 3  

3 5  

36 

38 

41 

42 

42 

44 

50 

51 

52 

5 3  

5 5  

5 5  

5 7  

58 

59 

5 9  

60 

69 



Table of'contents 

Chapter 3: Selection of phospholipid fractions and method ofliposome production 70 

3 . 1  Introduction 

3.2 Phospholipids 

3.2.1 D a iry p hosp hol ip ids 

3.2.2 Soy p hosp hol ip ids 

3.3 Liposome prod uction 

3.3. J D ispers ion of p hosphol ip ids 

3.3.2 M icro t1u id ization 

3.3.3 Extruder 

3.3.4 Prol iposome tec hn ique 

3.3.5  Conclus ions 

3 .4  Selection of phospholipid fractions 

3.4.1 Met hods 

3.4.2 Results and d iscuss ion 

3.5 Effect of Microfluidization production variables on l iposome characteristics 

3. 5.1 Methods 

3. 5.2 Results and d iscuss ion 

3.6 Effect of processing on phospholipid oxidation 

3. 7 Conclusions 

Chapter 4: Characterisation of phospholipid fractions 

4. 1 Introduction 

4.2 Materials and methods 

Vll 

70 

7 1  

71 

72 

73 

73 

73 

76 

7 7  

78 

78 

78 

79 

80 

81 

81 

87 

87 

89 

89 

90 



Table ofcontents 

4.2. l Prox imate analys is 

4 . 2 . 2  Phosp hol ip id concentra tion 

4.2. 3  Phosp hol ip id type 

4.2.4 Fa tty ac id profile 

4.3 Results and discussion 

4.3. 1 Prox ima te analys is 

4 . 3 . 2  Phosp hol ip id con ten t 

4 . 3 . 3  Phosp hol ip id types 

4 . 3 .4 F a tty ac id profile 

4.4 Conclusions 

Chapter 5: Physico-chemical characterisation of liposome dispersions 

5. 1 Introduction 

5.2 M aterials and methods 

5.2. 1 Phosp hol ip id concen tra tion of l iposome d ispers ions 

5.2.2 Hydrodynam ic d iameter 

5.2 . 3  M icrostruc ture 

5.2.4 Zeta po ten tial 

5.2.5 Phase trans ition temperature 

5.2.6 Bilayer thic kness 

5.2 . 7  Permeabil ity 

5.2.8 Lamellarity 

5.2.9 Entrapped volume 

5.2. 10 Raman spectroscopy 

5.3 Results and discussion 

vm 

90 

91 

92 

95 

97 

9 7  

98 

99 

104 

1 06 

107 

1 0 7  

1 08 

108 

109 

110 

112 

112 

112 

1 13 

119 

121 

122 

122 



Tahle ofcontents 

5.3 .1 Hydrodynam ic s ize 

5.3 .2 M icrostructure 

5. 3 . 3  Zeta potential 

5.3.4 Phase tran s it ion temperature 

5.3.5 B ilayer thic kness 

5.3 .6  Permeab il ity 

5.3 . 7 Lamellar ity 

5.3 .8 Entrapped volume 

5.3 .  9 Raman spectroscopy 

5.4 Conclusions 

Chapter 6: Stability of liposome dispersions 

6. 1 Introduction 

6 .2  Materials and methods 

6.3 Conditions for assessing stability 

6.3.1 Storage 

6.3.2 Heat process ing 

6 . 3 . 3  Add it ion of N aC !  or  C a C l z  

6 . 3.4 Freez ing and freeze-drying 

6.4 Results and discussion 

6.4.1 pH 

6 .4.2 Storage 

6.4.3 Heat tr eatments 

6.4.4 Ion ic concentrat ion 

6 .4.5 Freez ing 

IX 

122 

125 

134 

135 

137 

142 

147 

154 

156 

156 

158 

1 58 

1 60 

1 6 1  

161 

161 

163 

163 

1 64 

164 

170 

182 

184 

186 



Table ofcontents 

6.4.6 Freeze drying 189 

6.5 Conclusions 1 90 

Chapter 7: Entrapment of hydroph ilic and hydrophobic compounds 

dispersions 

in l iposome 

191 

7. 1 Introduction 1 9 1  

7.2 Hydrophobic entrapment 1 93 

7.2.1 Ma ter ials and me thods 193 

7.2.2 Resul ts 195 

7 .2 .3  D iscuss ion 199 

7.2.4 Conclusions 201 

7.3 Hydrophilic entrapment 201  

7.3.1 Methods 201 

7 .3 .2  Resul ts and d iscuss ion 210 

7 .3.3 Conclus ion 218 

Chapter 8: General discussion 219 

8.1 Summary 2 1 9  

8.2 Effect of differences in the composition of the phospholipid fraction on l iposome behaviour 223 

8.2. l Phosp hol ip id types 2 23 

8 . 2.2 F atty ac id profile 2 2 7  

8 . 2 . 3  Prox imate analys is 230 

8.3 Further work 232 

8.3.  1 Purification of p hosp hol ip id frac tion 232 

8.3 .2  E ffec t o f  pro te in on l iposome properties 233 

X 



Tahle olcontents 

8 . 3. 3  Reduction of memb rane permeabilit y  th rough addition ofh yd rophobic molecules 

8. 3 .4 H yd rophilic ent rapment 

8.3.5 P rocedures fo r achieving long -tem1 stabilit y 

8 . 3.6 Stabilit y of liposomes upon consumption 

8.4 Concluding remarks 

References 

X I  

2 3 3  

234 

234 

235 

236 

237 


