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Whey proteih and egg white protein (EWP) are exteﬁsively utilized as a functional food ingredient in the food inddst!y. It is need
for further uses to make them a value-added product. Phosphorylation has been proven to be a useful method for improving the
functional properties of food proteins. Li ef al. (2003) phosphorylated whey protein isolate (WPI) and EWP by dry-heating in the
presence of pyrophosphate. However, WPI showed a lower phosphorylation level than EWP under the same conditions,
presumably due to a lower sugar content of WPL Then, I attempted to prepare phosphorylated WPI by glycation with
maltopentaose (MP) through the Maillard reaction and subsequent dry-heating in the presence of pyrophosphate (PP).

The phospherus content of WPI was increased to 1.05% by glyéaﬁon with MP and subsequent dry-heating at pH 4.0 and 85 °C
for 5 days in the presence of PP. The increase of negative charge by introduction of phosphate group was confirmed by
Native-PAGE. The stability against heat-induced insolubility of WPI was improved by glycation, and further improved by
phosphorylation after glycation. When the solution of WPI phosphorylated after glycation was heated at 95 °C for 10 min, most of
protein remained soluble. The emulsifying stability was improved by phosphorylation after glycation. The gelling properties of
WPI such as hardness, resiliency, and water-holding capacity were remarkably improved by phosphorylation after glycation: a
transparent dnd firmer heat-induced gel was obtained. The calcium phosphate-solubilizing ability of WPI was enhanced by
phosphorylation. The phosphorous content of EWP was effectively increased by phosphorylation, and further increased by
phosphorylation after glycation. The heat stability of EWP was improved by phosphorylation, and further improved by
phosphorylation after glycation.

To elucidate the relationship between the improvement of functional properties of WPI and structural change of proteins by
phosphorylation, B-lactoglobulin (B-Lg), a-lactalbumin (¢-I.a), and bovine serum albumin (BSA), components in WPI, was
glycated and subsequently phosphorylated, and then the structural properties of glycated and phosphorylated them were
investigated. The circular dichroism spectra showed that the change of the secondary siructure in these protein molecules by
glycation and subsequent phosphorylation was small. The tryptophan fluorescence spectra and differential scanning calorimetry
thermograms showed that denaturation temperature (Td) of B-Lg and o-La was only slightly affected, whereas the Td of BSA was
somewhat changed by phosphorylation afier glycation. These results indicated that the conformational changes of the p-Lg and
o-La molecules were mild by phosphorylation after glycation, whereas the conformation of BSA was somewhat changed by
phosphorylation after glycation.

Although the refinol-binding activity of B-Lg was somewhat reduced by phosphorylation after glycation, the caleium
phosphate-solubilizing ability of B-Lg was enhanced and the anti-B-Lg antibody response was significantly reduced by
phosphorylation after glycation, The apoptotic activity of the complex of oleic acid and o-La was reduced by glycation, and further
reduced by phosphorylation after glycation: this activity was 2/3 for glycation and 1/2 for phosphorylation after glycation, The
anti-inflammatory effect of a-La samples were evaluated by the production of IL-6 and TNF-o,, and this activity was significantly
enhanced by glycation, and further enhanced by phosphorylation after glycation. The heat stability and gel-forming properties of
BSA were improved by phosphorylation, and firther improved by phosphorylation after glycation. The calcium
phosphate-solubilizing ability of BSA was enhanced by phosphorylation.

These results showed that phosphorylation after glycation is useful method for improving the fimctional properties of whey

protein,
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