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ABSTRACT

Aims: Realization of a rapid colorimetric assay for monitoring levels of methylglyoxal and other
dicarbonyl compounds from Manuka honey.

Methods: N-acetyl cysteine (NAC) and 2, 4-dinitrophenylhydrazine (DNPH) were adopted as
reagents for methylglyoxal colorimetric analysis of honey at 288 or 525 nm, respectively.

Results and Discussion: NAC and DNPH produced linear responses for methylglyoxal with:(i)
regression coefficient (R?) equal to 0.99 or 0.97, (ii) molar absorptivity (measure of sensitivity) equal
to 287+11 or 14189+498 M™ cm™, (iii) a minimum detectable concentration (MDC) of 0.18 mM vs
7.3 uM, (iv) upper linearity limit of linearity (ULL) equal to 4mM or 83 uM, and (v) a day-to-day
precision of 16.0 and 18.3%, respectively. Low interferences occurred with reducing sugars, glyoxal
or 3-deoxy-D-glucosone. For honey with a uniqgue manuka factor (UMF) rating 5+ to UMF18+, the
net concentration of dicarbonyl compounds ranged from 1069 mg-methylglyoxal equivalence per kg
(mg MeGEq /kg) to 2208 (mg MeGEq /kg) using the NAC assay. For the DNPH assay, the apparent
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dicarbonyl concentration was 350 to 1009-mg MeGEq /kg honey. Measures of methylglyoxal
equivalences were strongly correlated with the UMF rating for honeys (R2=0.98-0.99).

Conclusion: The proposed colorimetric analysis of methylglyoxal equivalence in Manuka honey is
feasible proposition. Further work is needed for method validation.

Keywords: Rapid determination; dicarbonyl compounds; n-acetyl cysteine; carbonyl reagents; 2, 4-
dinitrophenylhydrazine; methylglyoxal; 3-deoxy-D-glucosone.

1. INTRODUCTION

Methylglyoxal contributes to the medicinal value
of Manuka honey. Dicarbonyl compounds occur
also in many foods featuring Maillard browning
including, fermented dairy products [1], beer,
coffee, and balsamic vinegar [2]. Non-peroxide
antimicrobial activity of Manuka honey is
attributed to methylglyoxal [3-6] alongside of
other components [7].

Routine analysis of dicarbonyl compounds in
honey is by RP-HPLC analysis [3-6]. Despite its
high accuracy HPLC analysis requires costly
equipment. Alternative methods for screening
honey samples for methylglyoxal content would
be beneficial. Colorimetric  analysis  of
methylglyoxal using n-acetylcysteine (NAC) or 2,
4-dinitrophenylhydrazine were described in the
past but applications to honey have yet to be
reported [8,9].

The aim of this study was, to develop a rapid
colorimetric assay for screening methylglyoxal
levels from medicinal honey. Three colorimetric
methods [8-10] were evaluated with honey. The
results cited as methylglyoxal equivalence
suggest that Manuka honey samples could be
differentiated on the basis of colorimetric
analysis.

2. MATERIALS AND METHODS
2.1 Materials

Manuka honey samples rated “Unique Manuka
Factor” (UMF) 5+, UMF10+, UMF15+, UMF18+
were purchased from Comvita UK Ltd (Slough,
UK) and diluted 10-fold as used in our previous
study [11]. The 3-deoxy-d-glucosone (3-DG)
sample was supplied by Carbosynth Ltd
(Compton, UK). Methylglyoxal (40% solution in
water), glyoxal, fructose, N-acetyl cysteine
(NAC), and 2, 4-dinitrophenylhydrazine (DNPH)
and other reagents not specified otherwise were
from Sigma-Aldrich Ltd.

2.2 The N-acetyl
Methylglyoxal

Cysteine Assay for

Colorimetric analysis using NAC was performed
as described previously [8]. Briefly,
methylglyoxal (100 mM in water; 9.4-150 pl), 600
pl of NAC (50 mM in PBS) and sufficient PBS to
bring total volume to 3000 pl were reacted at
37 for 30 minutes. Samples were cooled to
room temperature and spectrophotometric
readings were recorded at 288 nm using quartz
cuvettes and an Ultrospec 2000 UV/VIS
Spectrophotometer (Pharmacia Biotech). Honey
samples (10% v/v in water) were analyzed as
described above. Two blank readings without
honey (B1) or NAC (B2) were recorded and
absorbances were corrected by subtracting
B1+B2 from spectrophotometric readings.
Unless otherwise stated, measurements were
done in duplicate and repeated on at least two
occasions (n >6).

2.3 DNPH Methylglyoxal Method (1)

In accordance with Gilbert and Brandt [9]
carbonyl compounds (5 mM in deionized water,
0-100 pl) were mixed with 900-1000 pl of DNPH
(0.2 mM in 12:88 v/v HCI - ethanol solvent) and
incubated at 45 for 45 minutes. Samples were
cooled to room temperature and
spectrophotometric readings were recorded at
432 nm using an Ultrospec 2000 UV/VIS
Spectrophotometer (Pharmacia Biotech). Honey
samples (10% v/v in water) were analyzed as
described above. To correct for background
absorbances two “blanks” readings without
carbonyl compound or honey (B1) and without
DNPH (B2) were used.

2.4 DNPH Alpha-keto Acid Method (II)

Analysis using DNPH was as described
previously with minor modification [10]. Briefly,
test compounds (0-10 mM; 25 pl) were added to
deionized water (975 pl) and 1000 pl of DNPH
reagent (0.9 mM in 1N HCI) and the mixture was
incubated at 37<C for 10 min. Sodium hydroxide




solution (1.5 N, 1000 pl) was added and
readings were recorded at 525 nm using a
Ultrospec 2000 UV/VIS Spectrophotometer
(Pharmacia Biotech)..Samples of honey (10%
v/v in water) were analyzed as described above.
Sample “blanks” without the addition of honey
(B1) or DNPH (B2) were used for correcting
absorbance readings.

3. RESULTS AND DISCUSSION

Dicarbonyl compounds in honey are frequently

analyzed by RP-HPLC analysis after
derivatization with o-phenylinediamine [3-6]. To
determine the total dicarbonyl compound

concentration individual components have been
guantitated. Each peak eluted from HPLC
analysis requires calibration which can be
difficult for those compounds that are “unknown”.
DNPH reagent was used for the determination of
hydroxymethylfurfural in honey and fruit juice
with monitoring by HPLC [12,13]. DNPH was
also used for the colorimetric analysis of
flavonoids in honey [14,15].

3.1 Assay Characteristics

Two of three methods evaluated in this study
proved to be effective. DNPH method | [9]
produced color instability most likely due to
precipitate formation at room temperature (18 -
20°C). DNPH method Il involved the use NaOH
for color stabilization [10]. The calibration
characteristics for NAC and DNPH assays are
compared in Table 1.

Table 1. Calibration parameters for
methylglyoxal analysis using N-
acetylcysteine (NAC) or 2,
4-dinitrophenylhydrazine (DNPH) reagent

Parameter NAC DNPH

R’ 0.99 0.97

gM*, cm™) 287+11 14189+498
MDC (M)* 0.18x10°  7.3x 10°
ULL (M) 4.0x10° 83.0x 10°
Day/Day 16.0 18.3

Precision (%)

*Concentrations are for the reaction vessel. The pre-
diluted values were 3.6-80mM (NAC) or 0.12 -9.6 mM
(DNPH method). £= molar absorptivity, MDC =
minimum detectable concentration, ULL = upper limit
of linearity

The absorptivity (measure of sensitivity) and
MDC for methylglyoxal were 50-fold and 25-fold
greater for the DNPH compared to the NAC
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method (Table 1). However, values for ULL were
50-fold greater using the NAC compared to the
DNPH. The NAC results agree with previous
reports [8]. The absorptivity for DNPH reaction
with pyruvate was ~10303 M* cm™ [10]
compared to 14189 M cm™ for methylglyoxal
(pyrulvaldehyde) from this study (Table 1).

From (Fig. 1) NAC and DNPH assays had low
interference from reducing sugars (fructose),
glyoxal and 3-DG. Honey contains ~80%
fructose and glucose by dry-weight. A short
reaction time and low temperatures (10 min,
37<C) probably explain the low responsiveness
of DNPH towards reducing sugars [16].
Interestingly, pyruvate produced a DNPH
response only slightly lower than methylglyoxal
[9]. The present the study did not evaluate
dihydroxyacetone reaction with DNPH or NAC
[17,18].
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Fig. 1. Relative responses for some (di)
carbonyl compounds using n-acetylcysteine
(NAC) or 2, 4-dinitropheynlhydrazine (DNPH)

assays
Test compounds were fructose (Fruc), glyoxal, 3-
deoxy-D-glucosone (3-DG), or methylglyoxal (MeG) at
0.5 mM. Data shows means +SEM of 3 replicates. Rel
Response = absorbance for test compound divided by
the absorbance from MeG

3.2 Methylglyoxal Equivalence for Honey

Fig. 2 shows values for methylglyoxal
equivalence determined using NAC or DNPH
reagents for Manuka honey rated UMF 5+ to
18+. The term “equivalence” is used because
NAC and DNPH tests are not specific for
methylglyoxal.

Previous tests using 21 commercial honey
samples showed there were four major
dicarbonyl compounds indicated as; 4-

hydroxymethyl furfural (0.66-44 mg/kg), glyoxal
(0,2-2.7 mg/kg), methylglyoxal (0.4-5.4 mg/kg)



and 3-DG (79-1266 mg/kg). The levels for 4-
hydroxymethyl, furfural and 3-DG could vary
during processing or storage conditions [3].
Another study involving 40 commercial honeys
from 12 floral origins confirmed earlier reports for
glyoxal (0.1-10.9 mg/kg), methylglyoxal (0.2-2.9
mg/kg) and 3-DG (75.9 - 808.6 mg/kg) [19]. Five
carbonyl compounds were listed from honey as
2, 3-butanedione, glucosone, 3-deoxyglucose,
glyoxal, and methylglyoxal [20].

Manuka honey has about 20-fold higher
concentration for methylglyoxal compared to
other honey. Analysis of 49 samples of Manuka
honey with UMF rating +5 to 30+ showed
methylglyoxal levels of 38-725 mg/kg or 46-828
mg/kg using a refractive index or UV detection
for HPLC analysis. The UMF rating for Manuka
honey was strongly correlated with methylglyoxal
equivalence (Fig. 3) in agreement with prior
reports [4].
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Fig. 2. Dicarbonyl compound from Manuka
honey expressed as methylglyoxal
equivalence
Results cited as methylglyoxal equivalence (mg/Kg
honey) using n-acetylcysteine (NAC) or 2, 4-
dinitrophenylhydrazine reagent. The unique Manuka
factor (UMF) of honeys were “zero” (0) or standard
supermarket honey, or 5+ (5), 10+ (10), 15+ (15) or
18+ (18) for Manuka honey. Data shows means +SEM
of 6 replicates determined on 2 or more separate days

Dihydroxyacetone (DHA) seems to be the
precursor for methylglyoxal within Manuka honey

[21]. Levels of DHA were higher for fresh
Manuka honey but converted gradually to
methylglyoxal ~ with  ageing. The DHA

concentration for commercial Manuka honey
ranged from 600-1200 mg/kg compared to
methylglyoxal levels of 70 to 700 mg/kg [22,23].
Interestingly, the DNPH reagent flavonoids
analysis showed that Manuka honey had 11.6
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mg/kg [24] which is 2-orders of magnitude lower
than the levels methylglyoxal and 3-DG.
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Fig. 3. Effect of UMF rating on methylglyoxal
equivalence (mg/kg) for Manuka honey
samples evaluated using DNPH and NAC
assays
For comparison, Graph shows published HPLC data
for methylglyoxal [4]. Data shows means +SEM of 6
replicates determined on 2 or more separate days

Processing and storage affects the net
concentration of dicarbonyl compounds, so
comparing values for honey samples used in the
present study with values from the literature will
not be straightforward [22,23]; ideally the current
methods  should undergo validation by
comparing with HPLC analysis in-house. It
seems both DNPH and NAC assays produce
higher  (methylglyoxal equivalence values
compared with concentrations, reported by
HPLC (Fig. 3). Colorimetric analysis reflects the
concentration of each dicarbonyl compound
within honey, their rate or extent of reaction with
NAC or DNPH, and also the molar absorptivity of
reaction products formed [17]. Using DNPH, for
instance  the methylglyoxal equivalence
contribution due to 3-DG would represent 18% of
the actual concentration of this agent (Fig. 2).

The results obtained with NAC or DNPH differed
by about 2-fold (Fig. 3) which remains puzzling.
Assuming methylglyoxal exists as a reversibly
bound form within physiological systems [17], the
current results imply that NAC reagent is able to
register higher available methylglyoxal as
compared with DNPH. It has been shown at pH
7 that methylglyoxal reacts rapidly with NAC
within seconds whilst the reactions with arginine
(and other nitrogen-based nucleophiles) occur
over a significantly longer time frame [17].
Interestingly, using values for the MDC reported
in Table 1, the DNPH and NAC methods could



detect a minimum methylglyoxal equivalence
corresponding to 0.37 mg/ kg (honey) and 9.1
mg/kg (honey), respectively. The DNPH method
probably has the requisite sensitivity for general
applications to other honeys though these tend
to have lower methylglyoxal content compared to
manuka honey.

4. CONCLUSIONS

Colorimetric methods are proposed for rapidly
monitoring  methylglyoxal equivalences in
manuka honey. Both the NAC and DNPH assays
appear to be selective for methylglyoxal, but with
some responsiveness to glyoxal, or 3-DG. The
DNPH method was more sensitive compared to
the NAC method and the former uses visible
rather than UV absorbance detection. Simplicity
and rapidness are important elements of the
proposed method. In terms of limitation, the day-
to-day precision is currently rather low. Work is
underway to achieve practical improvements to
the proposed assay. Further research is needed
also to understand the sensitivity differences for
NAC or DNPH regents when applied to honey. It
is particularly urgent that the current method
should be tested with other floral honey in
addition to manuka honey. Finally, method
validation against HPLC analysis would be
useful [18]. Subject to further refinements the
proposed methods could allow rapid screening
for high methylglyoxal honey.
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