Fermentation and enzymology as tool for functional whey ingredients and products
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Whey is a natural complex medium for microorganisms and, it contains approximately 50% of the nutrients present in original milk such as soluble proteins (6-8 gL-1), lactose (44-52 gL-1) and minerals (4,3-9,5 gL-1). As a carbon and energy source mainly lactose is present and as a nitrogen source serves the various proteins. Thus, the microbes need extracellular ß-galactosidase and protease/peptidase activities when growing on whey media. 

For maximum yields in biomass the medium has to be supplemented with other nitrogen sources such as yeast extract or ammonium salts, respectively. With simple ammonia addition of deproteinated whey concentrate an efficient single cell production using Kluyveromyces marxianus was achieved (Schulz et al., 2006). Also an interesting single cell oil production with Cryptococcus curvatus was succesfully demonstrated using processed whey concentrates (patent: Syldatk et al. 1999). Starting again with processed whey as the medium biosurfactants could be produced in a two stage fermentation process by Candida boidinii (Daniel et al. 1999).

Lactic acid bacteria (LAB) are of great importance in the dairy industry as starters in food fermentation. The LAB yields using processed whey as a medium amount to 0.165 kg biomass kg Lactose-1 (Mondragon-Parada et al. 2006). Another application of LAB ist the pure L(+)- or D(-) lactic acid production (Panesar et al. 2007).

The most important enzymes for the tailor made modification of whey ingredients are microbial b-galactosidases (only the mammalian versions are called lactases) and proteases/peptidases. Using these enzymes new functional dairy/whey products with additional health benefits can be developed. The b-galactosidases are applied either to hydrolyse the lactose (lactose free dairy products) or to generate prebiotic sugars such as galactooligosaccharides (GOS) or lactulose (Harju 2001; Mayer et al. 2004). In our own research we are investigating all three ways in detail using either commercial enzyme preparations or self-produced microbial b-galactosidases. With the hyper thermostable CelB from Pyrococcus furiosus, high yields (16-20%) of lactulose could be continuously obtained in various whey solutions.

When using lactic acid bacteria (LAB) as starters in certain dairy processes various bioactive peptides (e.g. ACE inhibitory) derived from the hydrolysis of milk/whey proteins were found after fermentation resulting in products such as Evolus or Calpis. Pancreatic enzymes – preferably trypsin – and several specific microbial enzymes have been applied as well to successfully produce certain bioactive peptides in whey. However, using the soluble proteolytic enzymes from Lactobocilli and/or Bifidobacteria the natural peptide pattern of the human digestion will be reproduced in vitro or in situ, respectively. This strategy is followed in our laboratory in order to discover new functional peptides from food protein hydrolysis which are subsequently tested in certain cell based bio-assays. Later, the successful peptide fractions either can be generated in the corresponding food processes leading to the development of foods with special health claims or, the peptides might be individually produced from food proteins and further purified to be applied in the cosmetic or pharma industry.
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