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Dairy ingredient manufacturers, Lifestyle beverage manufacturers including infant formula & sports nutrition

Milk proteins are widely used in the formulation of nutritional, medical and/or sports beverages. However,
milk processing, in particular heat treatment of protein ingredients, can affect product stability and gastro-
intestinal behaviour of dairy products. Heating whey proteins enriched with k-casein or caseinomacropeptide
can improve the heat stability of whey proteins. B-casein-enriched protein products can be used as a
potential ingredient for nutritional beverages; however, the aggregation of B-CN needs to be taken into
consideration. Heat treatment or increasing the whey protein to casein ratio can accelerate the gastric
digestion of milk or protein ingredients. Static and semi-dynamic digestion models can help the
understanding of the mechanism and kinetics of food digestion, in particular dairy products.

e Heating in the presence of k-casein or caseinomacropeptide (CMP; a by-product of cheese manufacture),
improved heat stability of whey proteins. The charged glycosylated side chains of k-casein or CMP play a
key role in the chaperone-like stabilisation mechanism.

e The extent of temperature-induced aggregation of 3-casein-enriched ingredients was highly dependent
on f3-casein purity i.e. the presence of other proteins, and the concentration of ionic calcium.

e [-casein-enriched infant formulas (IF) were successfully produced, with similar physicochemical
properties to regular first-stage IF.

e A semi-dynamic in vitro digestion method based on available physiological data was developed, which
can accurately simulate the main dynamic processes during gastric food digestion.

e Milk processing can affect the gastric behaviour and nutrient digestion kinetics of liquid milk.

e The concept of ‘slow and fast proteins’ in relation to digestion for caseins and whey proteins, respectively,
was shown to be due to their gastric behaviour, which controlled the rate of gastric emptying and
absorption of milk proteins.

This project helps to understand process-induced changes and interaction of protein ingredients, which can
improve processing efficiency, product stability and nutrient delivery.
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Controlling the aggregation behaviour of proteins is one of the critical processes that can affect the stability
of dairy protein-based products during processing. Fractionated protein ingredients offer opportunities to add
physical or nutritional functionalities to milk ingredients or finished products in which they are incorporated. (3-
casein-enriched protein ingredients can be used by infant formula manufacturers to create a protein profile
closer to that of human milk. However, the aggregation behaviour of 3-casein differs from that of other milk
proteins. Thus, there is a need to understand the mechanisms through which it interacts with itself and
other nutrients to improve stability in complex systems such as first stage IF formulations. For example, other
ingredients can be used to improve the stability of whey proteins, and in particular the denaturation and
aggregation behaviour of the whey protein B-lactoglobulin. Process-induced changes and re-formulations of
milk protein products can affect the micro and macrostructures of dairy ingredients or products. Previous
research has suggested that dairy structures exhibit different physiological responses. However, their
mechanistic behaviour is still poorly understood.

e To investigate the factors affecting the aggregation of B-casein-enriched ingredients.

e To understand why and how the aggregation of 3-casein-enriched ingredients influences the stability of
complex food systems such as nutritional beverages.

e To study the heat stability of whey protein beverages as influenced by the addition of k-casein or CMP
(a peptide derived from the enzymatic cleavage of k-casein during cheese manufacture).

e To simulate and understand the impact of process-induced changes of proteins and reformulation on
gastro-intestinal digestion in vitro and ex vivo.

This study used an integrated approach (labelling technigques, microscopy, spectroscopy, rheology and
chromatography) to investigate the effect of B-casein, k-casein and CMP on the functionality of whey
proteins and more complex nutritional formulations.

In addition, a static and semi-dynamic in vitro digestion model was developed and tested using protein
formulations produced in-house. The method was evaluated in several European laboratories in order to
establish an international consensus on the digestion method.

The project resulted in 3 PhD theses.

The main results can be divided into three parts based on three PhD theses: (i) the effect of k-casein and
caseinomacropeptide on denaturation and aggregation of whey proteins, (ii) the aggregation behaviour of 3-
casein in pure solutions, emulsions and infant formula and (iii) the effect of processing and formulation on in
vitro digestion of dairy products.

i. The outcome of this project demonstrated that k-casein and caseinomacropeptide could be used to
improve the heat stability of whey proteins. The temperature of denaturation and aggregation of whey
proteins heated in the presence of caseinomacropeptide increased by up to 3 and 7°C, respectively. The
charged glycosylated side chains of k-casein or CMP play a key role in the stabilisation mechanism.

i. The results demonstrated that the aggregation of p-casein could be controlled by temperature, the ratio of
calcium and phosphorus and selected ingredients, which would be beneficial for the application of B-
casein-enriched ingredients in nutritional beverages.

i. The processing of milk (heat treatment and homogenisation) has a profound impact on the digestive
behaviour of the protein due to gastric restructuring. Lower heat treatment caused the formation of a firm
curd during the gastric phase, whereas homogenisation caused phase separation and creaming during the
gastric phase. This implies that gastric emptying and the overall digestive kinetics and absorption of
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nutrients can be affected by commonly used processing of protein ingredients. In addition, it was clearly
demonstrated that in vitro digestion methods can be used to understand and explain digestion phenomena
such as fast whey proteins vs. slow caseins. In addition, a static in vitro digestion method was developed
as part of an international network (INFOGEST). The methods (Minekus et al. 2014, Brodkorb et al. 2019)
is now the academic and industry standard to simulate the digestion of food using standard laboratory
equipment.

The primary stakeholders for this research are manufacturers of nutritional beverages containing milk
proteins. The studies present the scientific basis for future application of protein products enriched with k-
casein, CMP or p-casein.

In addition, static and semi-dynamic in vitro digestion models were developed and published as international
consensus methods. These methods are particularly suited for the evaluation of digestive behaviour of dairy
proteins and can be used as tools to underpin claims for digestive benefits.
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