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Direct Evaluation of 3-Lactoglobulin Lactosylation in Early Maillard
Reaction Using an Antiquy Specific to Protein-Bound Lactose

Tsukasa Matsuda,* Yasuko Kato, Kenji Watanabe, and Ryo Nakamura

A new analytical method using an antibody specific to protein-bound lactose has been developed for
the evaluation of the extent of the early Maillard reaction between lactose and B-lactoglobulin. The
specific antibody was prepared by immunizing a rabbit with ovalbumin lactosylated by the early Maillard
reaction. The antibody reacted well with lactosylated 8-lactoglobulin but not with the native protein.
The reaction between the antibody and the lactosylated 8-lactoglobulin was inhibited strongly by lactulose
(4-0-B-D-galactopyranosyl-D-fructofuranose) but not by lactose, galactose, and sucrose. The lactosylation
of B-lactoglobulin with lactose in dry or aqueous system could successfully be monitored by two im-
munochemical methods: single radial immunodiffusion and enzyme-linked immunosorbent assay, using

the sugar-specific antibody.

INTRODUCTION

The extent of the early Maillard reaction between lac-
tose and milk proteins has been evaluated by several
analytical methods mainly based on the measurement of
available or reactive lysine from the nutritional point of
view: in vivo assays using rats (Mottu and Mauron, 1967),
in vitro enzymatic hydrolysis (Bujard et al., 1967), a re-
duction method (Hurrell and Carpenter, 1974), determi-
nation of free amino groups (Kakade and Liener, 1969).
A high sensitivity would not be expected for the indirect
analyses of the rate of the protein-lactose reaction by
measuring the loss of available lysine, and the blocked
lysine estimated by such methods seemed likely to contain
lysine derivatives produced by reactions with not only
lactose but also degradation products formed through
Maillard reaction. Hence, it seemed impossible to ade-
quately analyze the lactose-binding reaction with proteins
at the first step of the Maillard reaction.

Finot et al. (1981) showed that furosine was formed by
acid hydrolysis of e-deoxyfructosyllysine and that biolog-
ically unavailable lysine could be estimated by chroma-
tographic measurement of furosine in acid hydrolysates
of glycosylated proteins. This furosine method has the
advantage of being sensitive at very low levels of blocked
lysine, but the chromatographic determination of furosine
has seemed somewhat troublesome and time consuming.

In a previous study (Matsuda et al., 1985), the authors
demonstrated that a lactose-specific antibody was pro-
duced by immunizing mice with lactosylated B-lacto-
globulin produced by Maillard reaction and that the an-
tibody reacted well with other proteins lactosylated by that
reaction.

The experiments reported here were designed to de-
termine whether the specific antibody directed against the
lactose moiety of lactosylated proteins could be used as
a specific reagent to estimate protein lactosylation caused
at an early stage of the Maillard reaction and to investigate
the lactose-binding reaction of proteins and the subsequent
degradation of protein-bound lactose by immunochemical
techniques using the sugar-specific antibody.

MATERIALS AND METHODS

Protein Lactosylation. Bovine 8-lactoglobulin (LG)
was lactosylated through the Maillard reaction in both dry
and aqueous systems.
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LG (Miles) and lactose were dissolved in distilled water
(5 mg/mL each), and the pH of the solution was adjusted
to 8.0 with dilute NaOH. After being freeze-dried, the
powdered protein-sugar mixture was stored at 50 °C and
65% relative humidity for various periods (0-10 days).

Equal volumes of LG (6 mg/mL) and lactose (60 mg/
mL) dissolved in phosphate buffer (I = 0.1, pH 7.0) were
mixed in test tubes (1 mL/tube) and heated at 100 °C for
various periods (0-120 min). Each sample was cooled in
ice water immediately after the heat treatment.

Lactosylated ovalbumin (lac-OVA) was prepared by
keeping a lactose-ovalbumin mixture, prepared as for
LG-lactose, for 72 h under the same conditions as above.

Preparation of Antisera. The lac-OVA (500 ug) in 500
uL of phosphate-buffered saline (PBS) was emulsified with
500 uL of Freund’s complete adjuvant (Difco). A rabbit
was immunized intramuscularly with the antigen suspen-
sion, 0.5 mL in each rear thigh. The rabbit received two
booster injections intraperitoneally with 500 and 50 ug of
the antigen prepared as above 36 and 57 days after the first
immunization, respectively (Lemieux et al., 1977).
Bleeding was performed 10 days after the last injection,
and the serum was separated and stored at -80 °C before
use. Rabbit antiserum to LG was prepared similarly by
subcutaneous injection of the antigen emulsified with
Freund’s complete adjuvant as described previously
(Matsuda et al., 1985).

Immunochemical Methods. Immunoelectrophoresis
was performed in 1.0% agarose gel (FMC Corp.) prepared
with barbital buffer (I = 0.025). After electrophoresis of
antigen (5-10 ug), the rabbit antiserum to LG or lac-OVA
was allowed to diffuse from the trough between the wells.
After incubation at 25 °C for 24 h, the gel plates were
washed with PBS containing 0.1% NaN, for 3 days,
stained with 5% Amido Black 10B in methanol/acetic acid
(9:1, by volume), and destained with 2% acetic acid.

Single radial immunodiffusion (SRID) (Mancini et al.,
1965) was used for the quantitative analysis for lactosylated
LG (lac-LG). Antigens (0.5 ug) were loaded into wells
bored in agarose gel (1.2% in PBS) that contained the
antiserum to lac-OVA (1:30, by volume) and allowed to
diffuse for 3 days. After washing with PBS, immunopre-
cipitin halos formed around the wells were stained with
Amido Black as above.

The reaction between the sugar-specific antibody and
lac-L.G was measured also by enzyme-linked immunosor-
bent assay (ELISA) (Engval and Perhann, 1971). Flat-
bottomed microtiter plates (Coster) were coated with
lac-LG (10 ug/mL), and the anti-lac-OVA serum (107
diluted) was added to each well. After incubation for 3
h, the rabbit IgG antibody, which reacted with the plate-
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