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Heat induced formation of methylglyoxal (MG) was examined in the car-
amelisation and Maillard reaction. Mono-, oligo- and polysaccharides (i.e. D-
glucose, dextrin 15, starch) were caramelised using three different conditions. MG
concentration was analysed with HPLC as a methylquinoxaline derivate. The
concentration of MG formed from dextrin 15 was higher than that of starch
because of the presence of more reducing end groups.

The effect of Maillard reaction on the formation of MG was examined. The
different carbohydrates were heated in the presence of o-phenylenediamine (o-
PD) and glycine. In the formation of MG there was a catalytic effect of the amino
group, so the MG concentration was higher than in caramelisation.

When carbohydrates were heated with glycine, the MG concentration was not
as high because of the base strength of the amino acid.

Both in caramelisation and Maillard reaction the concentration of MG was
higher in the presence of water. © 1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Heat processing (roasting, frying, pasteurising, sterilis-
ing, drying, evaporation etc.) has significant functions in
food technology in preparation of both end-products
and intermediates. Both enzymatic (Maillard reaction)
and non-enzymatic (caramelisation) reactions are respon-
sible for the browning effect.

The decomposition of sugars leads to the formation
of volatile (caramel aroma) and brown coloured com-
pounds (caramel colours).

The colours and the aromas depend on the sugar used
(i.e. whether mono, oligo- or polysaccharide) and
formed mostly through deoxyosuloses, O-heterocyclic
and carbocyclic intermediates as well as low molecular
weight sugar fragments (Heynes ez al., 1966, Kroh, 1994).

A summary of the degradation process of the carbo-
hydrates started by polymeric carbohydrates is shown in
Fig. 1.

The formation of MG is more complicated in the ami-
nocatalysed degradation of carbohydrates than in the
caramelisation process (Fig. 2) (Belitz & Grosch, 1992).

In the caramelisation and in Maillard reaction, the
most important intermediates are the osuloses such as
3-deoxyosulose. It is assumed that the 3-deoxyosulose
could form MG as well as Maillard and caramelisation
products. The structures of coloured products of
caramelisation are still not fully understood.
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MG has two oxo-groups and very flexible H of the
methyl-group, these easily condense with the inter-
mediates such as 3-deoxyosulose building low-molecular
weight colour compounds. This idea is supported by the
determination of MG in different browning systems.

MG seems to play a central role in the formation of
coloured compounds and in building the low- and high-
molecular-weight colour compounds.

Determination of methylglyoxal

MG is water soluble and polymerises readily, so the
most commonly used method to analyse MG includes
derivatisation. MG was analysed as a methylquinoxa-
line derivate in cigarette smoke (Moore-Testa & Saint-
Jalm, 1981) and in rat tissues (Ohmori et al., 1987).

MG has mutagenic (Kasai & Nishimura, 1986) and
cytotoxic (Ueno et al., 1991) effects as well. It has been
found in different food products such as bread, boiled
potatoes (Kajita & Senda, 1972), coffee (Ohmori et
al., 1987), wine and various beverages (Hayashi &
Shibamoto, 1985), vegetable oils (Hirayama ez al.,
1984), and in various bakery products (Henle et al.,
1994).

There are also reports determining MG formed from
lipids as a photodegradation product of fatty acids
(Niyati-Shirkhodaee & Shibamoto, 1993) and from heated
carbohydrates, for example from fructose (Orsi et al.,
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and Maillard model system. The concentration of the
components are indicated in Table 1.

1995). There are, however, no reports on their formation
from oligo- and polysaccharides.

Caramelisation model system
METHODS AND MATERIALS
Different concentrations of carbohydrates were sealed in 5
ml ampoules and heated in an aluminium block thermo-
stat for 10 to 60 min at different temperatures. This heat
treatment of carbohydrates (caramel) was prepared in
four different temperatures in two parallel series.

Monosaccharides, D-glucose (FLUKA), oligosacchar-
ides dextrin 15 (dextrin) from MERCK (where 15 equal
the number of D-glucose unit) and polysaccharides (starch
from MERCK) were used both in the caramelisation
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Fig. 1. Degradation of carbohydrates by caramelisation.
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D-glucose was heated at 160, 170, 177 and 182°C,
dextrin and starch were heated at 170°C.

After heating, the samples were cooled to room tem-
perature and stored at —20°C. Before the HPLC analysis
the tubes were diluted to 5 ml with destilled water and
filtered if any unsoluble colouring matter was present.

For MG determination 0.5 ml filtrated solution, 0.5
ml water and 30 ul 30mg/ml freshly prepared o-Pheny-
lendiamine (o-PD) was used and the amount of o-PD
was in surplus.

Maillard model system
The heat processing was the same as in caramelisation

model system except different carbohydrates were
heated in the presence of o-PD and glycine.
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Before heating 30 mg o-PD and 30 mg glycine were
added to each carbohydrate solution, which were heated
to 170°C in the presence of water. The water content
was the same. If the sample contained o-PD before
heating only dilution by destilled water was necessary.

The parameters of HPLC

Instruments:

(a) Pharmacia LKB HPLC Column Oven 2155
(b) Temperature: 40°C

(c) Column: Spherisorb ODS 25um, 250 * 4,6 mm
(d) Eluent: acetonitril:water = 70:30

(e) Pharmacia LKB HPLC Pump 2248

() Flow: 0.7 ml/min

(g) Pressure: 4.6 Mpa
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Fig. 2. General Maillard reaction.
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(h) Pharmacia LKB VWM 2141 UV detector R? =0.99948,a = 1277.79, b = 1.91
(i) Wawe length: 200 nm where:
?k)) Iﬁlgzitzx;élggtlfnfharmama LKB Integrator 2221 R? = determination coefficient
J e C =concentration
Calibration X i peak area
a =slope

From the original methylquinoxaline (FLUKA) a 50 b =Y interception.

pg/ml solution was prepared. Several dilutions of the The retention time, tg = 5.84 min.
50 pg/ml methylquinoxaline stock were injected into
HPLC. The calibration curve was prepared for the
concentrations and the peak area.

The parameters of the linear curve were as follows:

RESULTS AND DISCUSSION

Caramelisation model system

C=axX+b In the first part of our experiment we caramelised mono-
saccharides. MG was determined as a methylquinoxaline
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Fig. 3. Formation of methylglyoxal in 0.1 molfraction D-glucose caramel-solution vs. the period of heat treatment and different
temperatures.
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Fig. 4. Formation of methylglyoxal in 1 molfraction D-glucose caramel-solution vs. the period of heat treatment and different
temperatures.
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derivate, so each diagram contains MG concentration
from 10 to 60 min versus the different period of heat
treatment. In the presence of water (Fig. 3) MG con-
centration increases upto about 30 minutes of heating
time, later the decreasing tendency of MG concentra-
tion was observed.

Under dry conditions (Fig. 4) the amount of MG
increases slower and the maximum concentration of
MG is reached later. This effect can be due to the for-
mation of the brown colour material under caramelisa-
tion. The formation of MG from D-fructose solutions
followed the same pathway as from D-glucose but at lower
temperature. The different rate of MG formation could
probably be explained by the particularly high reactivity of
D-fructose in the enolisation reaction (Orsi ez al., 1995).

After monosaccharide caramelisation the MG con-
centration was determined in dextrin and starch caramel
solutions at 170°C using the same conditions as above.
Figure 5 shows the MG concentration for different per-
iod of heat treatment. Increasing the thermal heating
the formation of MG grows. In aqueous solutions MG
concentration is higher than in dry conditions as seen
with D-glucose solution as well (Figs 3 and 4). An
explanation for this effect is that dextrin has more
reducing end groups especially D-glucose molecules. In
dry conditions the molecular mobility is also too low
(Chirife, 1979).

Figure 6 shows the formation of MG in aqueous
solutions at 170°C in different model systems. Com-
paring the tendency of MG formation, when dextrin
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Fig. 5. Formation of methylglyoxal in water- and water free condition, in dextrin 15 caramel-solution vs. the period of heat treat-
ment and temperatures.
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Fig. 6. Formation of methylglyoxal in aqueous solution in D-glucose, dextrin 15 and starch caramel-solution vs. the period of heat
treatment at 170°C.
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was caramelised, much more MG has been formed than
in starch solutions, because of the higher numbers of the
reducing end groups MG produced only at the active
end of the dextrin chain. In dextrin caramel solution the
formation of MG is not too rapid since the number of
reducing end groups is less than in the D-glucose
solution.

Probably the MG formation from dextrin and starch
solution should follow a similar pathway as D-glucose
caramelisation. When all D-glucose molecules are
degraded, the MG concentration reaches a maximum
and begin to transform yielding low- and high-mole-
cular-weight colour compounds.

Maillard model system

In the second experiment we examined the behaviour of
MG formation not only in the caramelisation but in the
Maillard reaction as well. The rate of the Maillard
reaction and the amount of low- and high-molecular-
weight colour compounds formed are significantly
increased by adding amino compounds or proteins.

Maillard reaction with o-phenylenediamine

In the Maillard model system the effect of o0-PD was
studied. Previously the formation of MG was examined

Heat-processing in the presence of 0-PD, at 170°C
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Fig. 7. D-glucose, dextrin 15 and starch caramelisation in the presence of o-phenylenediamine. Formation of methylglyoxal in
aqueous solution vs. the period of heat treatment at 170°C.
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Fig. 8. D-glucose, dextrin 15 and starch caramelisation in the presence of glycine.Formation of methylglyoxal in aqueous solution
vs. the period of heat treatment at 170°C.
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from heated D-fructose in the presence of o-PD. It was
found that the amount of MG formed and the reaction
rate were higher (Orsi et al., 1995).

We heated different carbohydrates in the presence of
o-PD. Figure 7 shows the MG concentration formed
from different sugars. After comparison with Fig. 6 it is
observed that the presence of 0-PD accelerates the MG
formation from all of the three carbohydrates.

Using the same heating time MG formed from D-
glucose, dextrin and starch were (about 2, 60 and 2
times) higher in the presence of o-PD. The starch is a
more complex material, so the activation effect of o-PD
takes place later.

In the beginning of heating (10 min) lots of MG was
formed from D-glucose and decreased later because
of the formation of volatile compounds and colour
materials. A similar behaviour can be observed in the
case of dextrin and starch, but in the latter the
maximum MG formation occurs. Probably in dextrin
solution the maximum concentration of MG is reached
after about 6080 min. This effect is retarded in starch.

Maillard reaction with glycine

Figure 8 shows the effect of glycine under heat pro-
cessing in the Maillard reaction.

In the case of dextrin and D-glucose the activation
effect of glycine could be observed. The concentration
of MG formed is lower than in the presence of o-PD.

In the case of starch a very small activation effect was
found.

When D-glucose and glycine were heated together,
MG concentration was not as high as in the reaction
with 0-PD (Fig. 7). In the first period of the heating
time, the highest amount of MG was formed and began
to decrease as in the previous experiments. The differ-
ence between the formation of MG with o-PD and gly-
cine can clearly be seen. Glycine has a lower base
strenght of amino acid and the reaction with osuloses
and MG occurs later. Probably glycine reacts with MG
and an intermediate product could be formed.

The role of 0-PD is complex. Amines can also accel-
erate the transformation of sugars in the pH range 4-7
without amino-ketoses being formed (Walton er al.,
1988). It is assumed that o-PD has also a nucleophil
effect. Probably, during the heat processing the o-PD
quickly bonds the formed hexosulose and MG, so their
derivatives can be formed.

The applied HPLC method is suitable for determin-
ing MG in caramel and Maillard model systems. Add-
ing o-PD and glycine to the carbohydrates MG
concentration increases in the beginning of heat processing
then decreases. The attained maximum concentration is

highest in the case of o-PD. The concentration is lowest
in the case of glycine. An explanation for this effect is
that osulose reacts with MG building colour materials
in the Maillard reaction. The surplus of the o-PD
prevents MG further reaction building quinoxaline
derivate.
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