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Key external stakeholders:
Food, feed and pharmaceutical industry

Practical implications for stakeholders:

 Whey proteins can act as delivery vehicles of small molecules such as fatty acids, thereby changing their
biological activity

 In vitro and in vivo tools are available within Teagasc to assess digestibility, bioaccessibility and
bioavailability of food compounds

Main results:
The key results were:
 α-lactalbumin (α-la) and β-lactoglobulin (β-lg), both whey proteins, can bind small hydrophobic molecules

and act as delivery vehicles to cells
 α-la and β-lg can alter the solubility of fatty acids, thereby affecting their biological activity e.g. increasing

or decreasing their anti-tumour activity or delay the uptake of fatty acids
 In vivo gastric digestion of α-lactalbumin in adults (n=10) provided valuable and novel insight into the

mechanism and kinetics of protein breakdown

Opportunity / Benefit:
The research team in Teagasc Moorepark has developed in vitro and in vivo tools to assess the digestive
mechanism of food components. Assays such as bioaccessibility and bioavailability are now available to
interested end users.

Collaborating Institutions:
Trinity College Dublin
University College Dublin
Alimentary Pharmabiotic Centre
Mercy University Hospital, Cork
INRA, France
Agrocampus Rennes, France
University of California at Los Angeles, USA

Bioactive dairy protein
complexes - in vitro
and in vivo digestion
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Teagasc project team: André Brodkorb (PI), Linda Giblin, Joseph Kehoe, Solène Le Maux and Louise
Sullivan (all TFRC Moorepark)

External collaborators: Ken H. Mok (Trinity College Dublin), Nora O’Brien (University College Dublin),
Fergus Shanahan (APC), Martin J. M. Buckley (Mercy University Hospital,
Cork) Saïd Bouhallab, Didier Dupont (both INRA, France), Thomas
Croguennec (Agrocampus Rennes, France), Dorothy J. Wiley (University of
California at Los Angeles, USA), Collaborators in COST action INFOGEST
FA1005

1. Project background:
The past decade has seen a large increase in interest from consumers and industry in functional foods and
ingredients; these ingredients can provide the consumer with other health benefits beyond nutrition.

α-lactalbumin (α-la) is the main whey protein in human milk and is also present in bovine milk. It has been
known that a cytotoxic complex can be formed when α-la associates with a major fatty acid, oleic acid.
Studies on this complex have, until recently, primarily focused on its cytotoxic mode of action and the type of
mammalian cells against which it was active. While it has been suggested that α-la/oleic acid complexes
could be formed during the digestion of dairy products, no studies have been carried-out to verify this.

2. Questions addressed by the project:
The main questions prior to 2008 were whether α-la/oleic acid–like complexes have any relevance for food
and more specifically whether they could be formed in vivo during gastro-intestinal digestion. In addition,
there was little or no information of the role of the individual components, protein vs. fatty acid, and whether
other proteins and fatty acids can induce similar effects.

3. The experimental studies:
A semi-dynamic in vitro gastric digestion model was established using computer controlled titration to mimic
the pH gradient in an infant’s stomach during digestion. The α-la/oleic acid complexes were digested,
analysed for structural changes and tested with cell lines such as HL60, U937, PC12 and Caco2.

A human in vivo study was carried-out in the Mercy University Hospital in collaboration with the Alimentary
Pharmabiotic Centre (APC) to follow the fate of α-la during digestion in the stomach of healthy adults.

A variety of novel complexes were formed from the proteins α-la, β-lactoglobulin (β-lg) and bovine serum
albumin combined with a range of fatty acids. The critical reaction parameters were identified. One detailed
study was carried out on the bioavailability of β-lg – linoleic acid complexes. Bioaccessibility, delivery and
uptake of linoleic acid was tested in enterocyte-like Caco-2 monolayers. Changes in the production or
secretion of the enteroendocrine satiety hormone, cholecystokinin, were investigated.

International links were established with the leading groups working on food digestion as part of an EU-
funded COST action INFOGEST. The PI André Brodkorb led a group to harmonise existing food digestion
methods.

4. Main results:
 α-la/oleic acid complexes could be formed during in vitro gastric digestion
 In vivo gastric digestion of α-la, using naso-gastric tube aspiration revealed a

great insight into structural changes and the kinetics of protein hydrolysis.
Capsule endoscopy provided real time images of gastric digestion of α-la, see
image.

 Extensive physico-chemical characterization of a variety of α-la/oleic acid
complexes was performed and substantial structural heterogeneities were
discovered

 Complexes of α-la and β-lg with a number of fatty acids revealed a clear trend: the amount of fatty
acid is correlated to the cytotoxicity of the complex, i.e. the protein is the “mule”, the fatty acid is the
“drug”
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 β-lg can significantly delay the uptake of linoleic acid in intestinal cells.

 In collaboration with the COST action INFOGEST, an international consensus was established for a
harmonised static in vitro digestion method suitable for food, coordinated by the PI André Brodkorb

5. Opportunity/Benefit:
Teagasc can provide expertise and/or service (assays and models) for testing food and food ingredients for
their in vitro and/or in vivo digestibility, bioaccessibility and bioavailability.
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