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Dihydroxyacetone (DHA) and methylglyoxal (MGO) are unique carbohydrate metabolites of manuka
honey. A method for the reliable quantification of DHA in honey samples was established, based on deriv-
atization with o-phenylenediamine (OPD) and subsequent RP-HPLC with UV detection. The previously
unknown reaction product of DHA and OPD was identified as 2-hydroxymethylquinoxaline by spectro-
scopic means. DHA was exclusively determined in 6 fresh manuka honeys originating directly from
the beehive as well as 18 commercial manuka honey samples, ranging from 600 to 2700 mg/kg and
130 to 1600 mg/kg, respectively. The corresponding MGO contents varied from 50 to 250 mg/kg in fresh
and 70 to 700 mg/kg in commercial manuka honey samples. A good linear correlation between DHA and
MGO values in commercial manuka honeys was observed, resulting in a mean ratio of DHA to MGO of 2:1.
In contrast to this, the DHA-to-MGO relation was much higher in fresh manuka honeys but approximated
to a ratio of 2:1 while honey ripening. Heating experiments revealed that MGO formation based on ther-
mal treatment as a consequence, for example, of caramelization in honey does not occur. DHA and MGO

can serve as suitable unique quality parameter for manuka honey.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The presence of 1,2-dicarbonyl compounds such as 3-deoxyglu-
cosone (3-DG), glyoxal (GO), and methylglyoxal (MGO) in honey
was first described in 2004 by Weigel et al.! as a consequence of
sugar degradation or caramelization. Over a wide range of different
honey types, 3-DG, which is the precursor for 5-hydroxymethyl-
furfural (HMF), could be determined in high amounts, varying be-
tween 80 and 1270 mg/kg and correlating with heating or storage
conditions.'~® Contents of GO and MGO generally were very low
(up to 5 mg/kg). However, surprisingly high amounts of MGO (up
to 760 mg/kg) were found exclusively in manuka honey.? This hon-
ey is derived from the flowers of the manuka tree (Leptospermum
scoparium) in New Zealand. It was clearly demonstrated that the
pronounced antibacterial activity of New Zealand manuka honey
directly originates from MGO.2 The amount of MGO correlates with
the antibacterial activity in manuka honey,* and, therefore, can be
used as a tool for labelling the bioactivity of manuka honey.

Manuka honey was shown to inhibit a wide range of microor-
ganisms, including multiresistant strains.>® Furthermore, wound
dressings containing manuka honey seem to be useful supports
in clinical applications for wound healing.>1°

The origin and in particular the high concentration of MGO in
manuka honey cannot be explained by sugar degradation in the
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course of caramelization. In a recent report, Adams et al.!! identi-

fied dihydroxyacetone (DHA) as direct precursor for MGO forma-
tion in manuka honeys. In this study, the authors had
determined DHA in nectar and fresh honey derived from manuka
plants and proved that DHA is non-enzymatically transferred to
MGO during honey storage. However, the origin of DHA stills re-
mains enigmatic.

DHA is a well-known degradation product of carbohydrates and
was detected in caramelized mixtures next to other compounds as
a result of the Maillard reaction.!? DHA was also found in naturally
aged wine samples.!®> Moreover, its presence was described in rela-
tion to fermentation processes of selected microorganisms.'* Fur-
thermore, DHA is discussed as food additive, for example to
enhance browning in baked foods,!” or for food preservation.!® In
certain cosmetic products, namely self-tanning creams, DHA is
the functional ingredient.!”

Knowledge about the amount of DHA and MGO in honey is of
prime importance for manufacturers as well as for labelling pur-
pose. In the present study, a new method for the reliable quantifi-
cation of DHA via RP-HPLC using pre-column derivatization with o-
phenylenediamine (OPD) is reported. The previously unknown
derivative resulting from DHA and OPD is identified by spectro-
scopic means. DHA and MGO was measured for a number of com-
mercially available and freshly produced manuka honeys in order
to obtain information about the ratio between DHA and MGO
and the transformation of DHA to MGO during storage. Further-
more, the influence of a thermal treatment on MGO content in
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manuka honey was studied in order to clarify whether the bioac-
tive compound can be produced artificially in the final product.

2. Results and discussion

2.1. RP-HPLC analysis of DHA and characterization of DHA
quinoxaline

The analysis of 1,2-dicarbonyl compounds such as 3-desoxy-
glucosone (3-DG) or methylglyoxal (MGO) in honey is generally
achieved by RP-HPLC of the corresponding quinoxalines resulting
from derivatization with o-phenylenediamine (OPD). Under condi-
tions applied for optimal derivatization of these compounds (phos-
phate buffer pH 6.5, incubation at room temperature),
dihydroxyacetone (DHA) also formed an OPD-derivative eluting
in the chromatogram at about 13 min (Fig. 1A). This reaction prod-
uct was isolated using semi preparative RP-HPLC. The molar mass
of the isolate was determined with 160 g/mol by LC-ESI-TOF-MS.
The UV maximum at 319 nm was observed, varying only slightly
when compared to the absorption maximum of 312 nm generally
reported for quinoxalines. Based on the NMR data, the structure
was identified as 2-hydroxymethylquinoxaline (2-quinoxaline-
methanol, compound VII in Fig. 2).

2-Hydroxymethylquinoxaline has already been described as
reaction product formed during incubation of sugars like glucose
or ribose, respectively, with OPD.'®'9 The identified quinoxalines
derived from this reaction mixture were explained by the buffer-
induced degradation of hexoses to 1,2-dicarbonyl fragments.!®
However, the authors did not propose DHA being involved in quin-
oxaline formation. Up to now, it was generally accepted that DHA
does not react with OPD to a stable derivative, and, therefore, can-
not be quantified by means of RP-HPLC following derivatization
with OPD.?°

A possible reaction mechanism for the formation of 2-hydrox-
ymethylquinoxaline from DHA and OPD is shown in Figure 2. First,
a nucleophilic addition of one amino group of OPD (I) to the car-
bonyl carbon of DHA (II) occurs. The iminol (III) is formed by dehy-
dration and is able to convert via the enaminol (IV) into the
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ketoamine (V) according to the conversion of Amadori products.
A second dehydration results in formation of an intermediate
(VI), which is converted into the quinoxaline (VII), putatively by
oxidation. Compared to dicarbonyl compounds like MGO or 3-
DG, complete derivatization of DHA with OPD takes more time
for development of the quinoxaline. Therefore, it can be supposed
that the formation of the keto group in (V) via enaminol (IV) is the
rate determining step of the reaction. The oxidation of intermedi-
ate (VI) to the quinoxaline cannot be proven yet, but it may due
to the oxidative properties of the reaction mixture, for example
the influence of oxygen.

Kinetic studies with varying incubation time, temperature, pH
value, and molar ratio of DHA to OPD were performed in order to
optimize derivatization of DHA to compound (VII) (data not
shown). Finally, it could be shown that best results are obtained
after incubation for 16 h at 37 °C using an acetate buffer with a
pH value of 4.0 for sample preparation. Due to these differences
in methodical conditions, reliable simultaneous quantification of
DHA together with MGO was not possible. At pH value of 4.0,
acid-induced formation of the MGO-quinoxaline was observed in
carbohydrate solutions, and hence, MGO values would be overesti-
mated. Otherwise, reaction of DHA and OPD is too slow at neutral
pH, and therefore, DHA does not react completely with OPD under
these conditions. Consequently, to reach optimal quinoxaline for-
mation and best sensitivity for both analytes, two independent
sample preparations and two chromatographic runs per sample
are necessary.

Performing DHA determination under these conditions, it be-
came clear that notable amounts of DHA are also formed from
the honey matrix itself, namely from glucose and fructose break-
down, during derivatization (Fig. 1B and C). This reproducible basis
level of DHA has to be taken into account by using an artificial hon-
ey matrix as blank value.?! Calibration of (VII) using this sugar ma-
trix as 10% solution in acetate buffer showed a good linearity
(regression equation y =0.15x +5.66, R*=0.9944) in the range
from 0.18 to 2.20 mmol/L DHA in sample solution, equivalent to
DHA concentrations between 165 and 1980 mg/kg in honey. Quan-
tification of DHA in manuka honey (Fig. 1D) was finally performed
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Figure 1. RP-HPLC after derivatization with OPD of (A) DHA standard solution in water, (B) solution of fructose and glucose simulating honey matrix, (C) rape honey, (D)

manuka honey.
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