
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Immunomodulatory Properties Of Bovine 
Whey Proteins And Whey Protein 

Concentrates 

A thesis presented in partial fulfilment of the requirements for the degree of 

Doctor of Philosophy 

In 

Nutritional Science and Immunology 

at Massey University, Palmerston North, New Zealand 

Pauline Ping Lin Low 
� 

2004 



Massey University 
INSTITUTE OF FOOD. NUTRITION 
AND HUMAN HEALTH 
Te Kura Hangarau 0 
Kai-oranga-a-tangata COLLEGE OF SCIENCES 
Private Bag 11 222 

� 
, le Kuncnga 

SUPERVISOR'S DECLARATION 

Palmerston North 
New Zealand 
T 64 6 350 4336 
F 64 6 350 5657 
www.massey.ac.nz 

This is to certify that the research carried out for the Doctoral thesis entitled 

"Immunomodulatory Properties of Bovine Whey Proteins and Whey Protein 

Concentrates" was done by Pauline Ping Lin Low in the Institute of Food, Nutrition 

and Human Health, Massey University, Palmerston North, New Zealand. The thesis 

material has not been used in part or in whole for any other qualification, and I confinn 

that the candidate has pursued the course of study in accordance with the requirements of 

the Massey University regulations. 

Supervisor's Name Dr Kay Rutherfurd-Markwick 

Signature 

IJI/o/() 4 



-a,\.-

Massey University 
COLLEGE OF SCIENCES 

CANDIDATE'S DECLARATION 

INSTITUTE OF FOOD, NUTRITION 
AND HUMAN HEALTH 

Te Kura Hangarau 0 

Kai-oranga-a-tangata 
Private Bag 11 222 
Palmerston North 

New Zealand 
T 64 6 350 4336 
F 64 6 350 5657 
www.massey.ac.nz 

This is to certify that the research carried out for my Doctoral thesis entitled 

"Immunomodulatory Properties of Bovine Wbey Proteins and Whey Protein 

Concentrates" in the Institute of Food, Nutrition and Human Health, Massey 

University, Palmerston North, New Zealand is my own work and that the thesis material 

has not been used in part or in whole for any other qualification. 

Candidate's Name Pauline Ping Lin Low 

� 
Signature � 

15.IO.D4-

� le Kunenga 
kl PurehurOil 



Massey University 
INSTITUTE OF FOOD. NUTRITION 
AND HUMAN HEALTH 
Te Kura Hangarau 0 
Kai-oranga-a-tangata COLLEGE OF SCIENCES 
Private Bag 11 222 

�' le Kuncnga 

Palmerston North 

New Zealand 
T 64 6 350 4336 
F 64 6 350 5657 
www.massey.ac.nz 

CERTIFICATE OF REGULATORY COMPLIANCE 

This is to certify that the research carried out in the Doctoral Thesis entitled: 

Immunomodulatory Properties of Bovine Whey Proteins and Whey Protein 

Concentrates 

in the Institute of Food, Nutrition and Human Health 

at Massey University, Palmerston North, New Zealand: 

(a) is the original work of the candidate, except as indicated by appropriate attribution 

in the text and/or in the acknowledgements; 

(b) that the text, excluding appendices/annexes, does not exceed 1 00,000 words; 

(c) all the ethical requirements applicable to this study have been complied with as 

required by Massey University, other organisations and/or committees which had a 

particular association with this study, and relevant legislation. 

Please insert Ethical Authorisation code(s) here: 9511 50, 961 1 03, 96/56 

Candidate's Name: 

Pauline Low 

Signature: �� 

Date: IS. 1'O.0Lf-

Supervisor's Name: 

Dr Kay Rutherfurd-Markwick 

Sir�//� 

Date: 



ABSTRACT 

In  recent years, partly due to advances in protein separation technology, many studies 

have focused on the irnmunomodulatory activity of bovine milk and colostral protein 

components. Individual milk  proteins have been purified for the purpose of studying 

their physical properties and physiological functions. Today there is substantial 

evidence to indicate that the major components of bovine milk, such as whey protein 

and several highly purified whey protein isolates, can regulate immune function in 

heterologous species. Intense research has focused on identifying biologically active 

components within bovine milk whey, as well as characterising the mode by which 

mammalian immune function is modulated by these components. However, information 

regarding the effect of bovine whey proteins on immune responses to orally and 

parentally-administered antigens is currently conflicting and far from exhaustive. 

Consequently, this thesis sought not only to investigate the immunomodulatory ability 

of previously untested bovine whey products on general immunoresponses but also to 

investigate the ability of bovine whey proteins to modulate murine immune responses to 

vaccines currently in routine medical use. Initially, individual whey proteins (u­

lactalbumin, 13-lactoglobulin and lactoferrin) were screened for their in vitro effects on 

lymphoid cell function and phagocytic function. These in vitro studies found that the 

individual whey protein components had a positive immunomodulatory effect, 

providing evidence that these components have the potential to enhance immune 

function, and investigation into their immunomodulatory capabilities in an in vivo 

murine model was consequently undertaken. The results of the in vivo studies 

demonstrated that the dietary whey protein isolates and whey protein concentrate tested 

in this study could not only enhance two important indices of ex vivo lymphoid and non­

lymphoid cell function (lymphocyte proliferation and phagocytic function) but could 

enhance mucosal and systemic antibody responses to orally and systemically 

administered human vaccines. The demonstrated benefits to the immune system of 

dietary whey proteins in the murine model could result in the production of immune­

boosting, nutritionally and physiologically advantageous food supplements suitable for 

human consumption. Of particular relevancy to modem human health is the use of whey 

proteins as dietary adjuvants or immunopotentiators to increase immune responses to 

commonly administered vaccines. 
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