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THE POTENTIAL IMPACT OF MAILLARD REACTION
PRODUCTS AGAINST LOW DENSITY LIPOPROTEIN

OXIDATION IN VITRO
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ABSTRACT

Maillard reaction products (MRPs) are fonned during processing by the reaction
of reducing sugars with amino acids. Oxidation oflow density lipoproteins (LDL) is
a crucial step in the development of atherosclerotic lesions.The protective role of
several components in plant foods, mostly polyphenolic compounds, against LDL
oxidation in vitro and in vivo is well established and increased consumption of plant
food was therefore, related to a reduced risk of heart disease. During food process
ing, antioxidative activity of food is liable to changes, for example by the degrada
tion of flavanoids. In this study, we have investigated the potential ofMRPs to
contribute to the overall antioxidative capacity of food to prevent LDL oxidation in
vitro. Several amino acids were heated with glucose under different reaction condi
tions. The activity of the mixtures to prevent oxidation of human LDL was meas
ured. Human LDL were incubated with different test compounds. LDL oxidation
was initiated by the addition ofcopper ions and recorded by measuring UV absorb
ance at 230 om. Antioxidative activity was recorded by the length of lag-time and
compared to the antioxidative activity of L-ascorbic acid These reaction mixtures of
different amino acids with glucose showed, in the tested concentrations, antioxida
live activity. Variation of the antioxidative activity depending on the amino acid
moiety was observed. The control mixtures which contained only sugar or amino
acid hardly showed any protective activity. Thus it can be concluded that during the
Maillard reaction which takes place during heating or processing of certain food
stuff, products are fonned which can have a protective activity against LDL oxida
tion. The reaction mixtures are then analyzed by HPLC and five structurally defined
Maillard products were tested for their antioxidative activity against LDL oxidation
as described before. Some of the Maillard products, particularly those with ami
noreductone structures showed similar activity as L-ascorbic acid, whereas other
structures proved to be rather inactive. It can be concluded that some of the tested
Mailllard products have beneficial effect on health. The concentration of the active
Maillard compounds in different foods, their contribution to the total antioxidative
activity of plant based foods and their availability in vivo are currently investigated.
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INTRODUCTION

Antioxidative compounds which are
natwally occurring in many food stuffs
are important for food technology,
because they inhibit lipid oxidation and
as a result, prolong shelf life of the
product (Henderson eI all999). Besides
the antioxidative vitamins, phenolic
compounds derived from spices, tea.
fruits and berries or wine are shown to be
very active (Kondo et al 1999). More
recently, antioxidative food components
also gained interest because it was
suggested that their intake is beneficial
for health. There is substantial evidence
that antioxidative food components bave
a protective role against coronary heart
diseases[CHD] by inhibition of low
density lipoprotein (LOL) oxidation in
vivo. Oxidized LDL plays a major role
during the development ofatherosclerotic
plaques and as a result of cardiovascular
disease (Steinberg eJ al 1989).
Furthermore, fruits with high content of
antioxidative components show strong
inhibition of tumour-cell proliferation
(Eberhardt et al 1000). However, the
inhibition of such diseases by isolated
antioxidant(s) remains to be established
by ongoing and future clinical tri3Js.

The two most important series of
reaction for the formation of volatile
aroma compounds in cooked and
thennally processed foods are the
Maillard reaction (between amino
compounds and reducing sugars) and
lipid degradation (thennal and oxidative).
This reaction affects the development of
colour and flavourings and has become a

significant focus of attention in the food
industry. During the past 75 years, nu
merous studies bave been published
dealing with Maillard reactions such as
chemistry, flavour development, nutri
tion, toxicology, antimlltagenicity, and
antioxidant properties (Danely, 1916;
Namiki, 1988; O'Brien and Monislley,
1989; Bailey aDd VIII, 1992; EiIeridI et
all995).

During food processing and storage,
natuIa1 antioxidants are amsiderably de
graded. On. the other hand, chemical re
actions among food components lead to
the formation of secondary antioxidants
(Nicoli eI al1997). One of the major can
didates of secondary food antioxidants
seem to be Maillard reaction products
(MRPs). The first report concerning the
antioxidative effect ofMaillard products
was given by li'ranzke and IwaiDJky
(1954). Since then, antioxidant activities
of MRPs have been extensively studied
using different test systems (Monti eI al
1999). In most cases, crude Maillard

. mixtures or uncharacterized melanoidines
were tested, whereas in few cases anti
oxidative activity was related to structur
ally defined MaiIlard products (pUchets
rieder eI al 1998 and Anclo eI al
1000).

The protective role of MRPs against
oxidative damage gained particular inter
est, because it is assumed that it consid
erably prolongs shelf life of processed
food (Breua eI 1111996). Furthermore,
Maillard products could be useful as
natural antioxidants to be added to food
susceptible to oxidative damage (Smith
and AIIawaz 1995).
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