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Direct determination of 4-methylimidazole and 2-methylimidazole in honey
by high performance liquid chromatography - quadrurpole/electrostatic
field orbitrap high resolution mass spectrometry
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ABSTRACT: Objective A method of high performance liquid chromatography- quadrurpole/ electrostatic
field orbitrap high resolution mass spectrometry (HPLC-Q/qrbitrap MS) was developed to determine
4-methylimidazole and 2-methylimidazole in honey. Methods The honey samples were diluted with deio-
nized water, and then filtered by a polytetrafluoroethylene (PTFE) membrane with pore size of 0.22 pm. The
analytes were separated on an Agilent HILIC Plus (2.1 mm x 100 mm, 3.5 pm) column through isocratic elu-

tion with acetonitrile and 5 mmol/L of ammonium acetate aqueous solution (v:v, 8:2). Full scan experiments
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were performed over the range of m/z 50~400 in positive mode to extract the accurate mass of analytes.
Results Under the optimal condition, 4-methylimidazole (4-MI) and 2-methylimidazole (2-MI) were well
separated, and the accuracy of extracted mass routinely detected was below 5x 10°. The detection limits for
4-MI and 2-MI were 50 pg/kg and 25 pg/kg, respectively. Good linearities were provided in their respective
linear ranges with correlation coefficients higher than 0.99. The average recoveries at three spiked levels (50,
100 and 150 pg/kg) were in the range of 73.2 %~107.9 % and the relative standard deviations (RSDs) lower than
9.7 %. Conclusion The proposed method was simple, on use of organic solvents, sensitive, and can therefore
meet the requirements of the determination of caramel color in all kinds of honey. The method was applied to
30 honey samples of 12 species from domestic and other countries. The results showed that neither 4-MI nor
2-MI was detected.
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Fig. 2 Chromatogram of the methylimidazole compounds
based on three different chromatographic columns
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x2 A-MIFI2-MI AR, XA, REME. REHRMESR
Table 2 Regression equations, correlation coefficients (r), retention, limits of detection (LODs, n=7) and limits of
quantification (LOQs, n=7) of the 4-MI and 2-MI compounds

/min /(ng/kg) N(ng/kg)
4-M1 =-870106+6.13757¢+0.06X 0.9995 2.35 15 50
2-MI =-782022+1.136e+0.07x 0.9998 4.47 7.5 25

%3 8TMARFMMAEEERFFD 4-MI F0 2-MI BYHNFRE 14 2R (n=5)
Table 3 Recoveries of 4-MI and 2-M1 spiked in 8 different kinds of honey samples (n=5)

4- 2-
/(ug/kg)
1% /% 1% 1%
50 92.1 5.5 90.9 6.1
100 91.4 3.4 87.2 7.2
150 86.4 6.3 92.1 1.6
50 98.6 4.7 90.3 3.2
100 86.4 8.4 79.2 8.6
150 94.2 5.9 93.4 6.2
50 104.6 2.9 99.8 3.1
100 73.2 9.5 80.1 6.9
150 87.2 7.3 75.3 2.9
50 93.6 4.2 94.8 7.7
100 87.3 8.4 106.9 9.0
150 79.8 2.1 98.3 7.0
50 89.5 5.5 89.7 5.0
100 90.4 8.3 96.4 7.6
150 77.5 2.0 90.2 9.2
50 91.7 39 92.0 4.1
100 88.2 9.2 83.9 6.9
150 83.6 43 88.5 34
50 107.9 4.7 105.2 5.3
100 100.3 7.6 103.8 2.2
150 89.5 9.2 100.4 1.4
50 83.7 5.3 88.2 4.7
100 80.5 2.5 100.4 9.7
150 82.4 3.0 98.9 6.9
35 SEFREEEH T 4-MIF0 2-M1 94 ; 4-ML 2-MI
12 30 10 Ilg/l’l’lL 4-MI
“2.2.2” 2-MI 5

> E

LC-MS/MS 4-MI 2-MI
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Fig. 5 Extracted ion chromatogram from a blank sample (a), and the direct 10 ng/ml 2-MI and 4-MI in a blank sample (b)

2-MI  4-MI ,
[21]
s 5
2-MI  4-MI, LC/MS/MS ,
2 ug/L HRMS ,
’ ’ S 30k
50 ug/kg
[1] , , . [71.
4 é:él: .i/e , 2005, (3): 50-53.
Wang SQ, Gao C, Zhu SS. The new technology of high rates for
- / synthesis caramel color [J]. Chin Cond, 2005, (3): 50-53.
4- 2- [2] . [. ,
1997, 12: 2—-4.
Li X. The production technology, nature and purpose for caramel
, , 8 min color [J]. Chin Cond, 1997, 12: 2—4.
[3] s . [J]. >
’ 2000, (5): 38-41.
? Li GJ, Geng YH. The investigation of processing cameral color
> based on molasses [J]. Sug Cane, 2000, (5): 38—41.
) [4] Bergstrom J. Factors affecting the formation of

4-methylimidazole in ammonia-treated fodder [J]. J Agric Food



2986

[3]

(6]

(7]

(8]

9]

[12]

[13]

Chem, 1991, 39(8): 1422-1425

, , s 4-

[J1. ,2010, 7: 89-91.

Zhao JP, Gao LH, Jin WW, et al. The determination method of
4-methylimidazole in soy sauce [J]. China Brew, 2010, 7: 89-91.
Buckee GK, Baile TP. Examination of some brewing materials
and caramels for the possible occurrence of 4-methylimidazole
[J]. J Inst Brew, 1978, 84(3): 158-159.
Fernandes JO, Ferreira MA. Gas chromatographic-mass spec-
trometric determination of 4-(5) methylimidazole in ammonia
caramel color using ion-pair extraction and derivatization with
isobutylchloroformate [J]. J Chromatogr A, 1997, 786: 299-308.
Nishie K, Waiss AC, Keyl AC. Toxicity of methylimidazoles [J].
Toxicol Appl Pharm, 1969, 14(2): 301-307.
Sivertsen T, Nygaard AK, Mathisen G, et al. Effects of
4-methylimidazole on cerebral glutamate decarboxylase activity
and specific GABA receptor bingding in mice [J]. Toxicol Mech
Method, 2009, 19(3): 214-218.
WHO Food Additives Series, World Health Or ganizat ion, Ge-
neva, 1976, 7: 35.
Lawrence JF, Charbonneau CF. Direct method for the determina-
tion of 2-acetyl-4(5)-tetrahydroxybutylimidazole in caramel co-
lours and beers by high-performance liquid chromatography with
absorbance detection [J]. J Chromatogr, 1987, 407: 405-407.
Klejdus B, Moravkova J, Kuban V. Reversed-phase
high-performance liquid chromatographic/mass spectrometric
method for separation of 4-methylimidazole and 2-acetyl-4-(1,2,
3,4-tetrahydroxybutyl)imidazole at pg levels [J]. Anal Chim Acta,
2003, 477 (1): 49-58.
Moretton C, Crétier G, Nigay H, et al. Heart-cutting
two-dimensional liquid chromatography methods for quantifica-
tion of 2-acetyl-4-(1,2,3,4-tetrahydroxybutyl)imidazole in class
III caramel colours [J]. J Chromatogr A, 2008, 1198-1199:
73-79.

2 4 1.
83-85.

, 2012, 37(8):

Peng XQ, Feng W, Shi HY, et al. The determination simulta-
neously of 2- methylimidazole and 4- methylimidazole of camer-
al color using gas chromatography [J]. Chin Cond, 2012, 37(8):
83-85.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Galiacy SD, Froment C, Mouton-Barbosa E, et al. Deeper in the
human cornea proteome using nanoLC—Orbitrap MS/MS: An
improvement for future studies on cornea homeostasis and pa-
thophysiology [J]. J Proteomics, 2011, 75(1): 81-92.

Yang Y, Wang HJ, Yang J, et al. Chemical profiling and quantifi-
cation of Chinese medicinal formula Huang-Lian-Jie-Du decoc-
tion, a systematic quality control strategy using ultra high per-
formance liquid chromatography combined with hybrid quadru-
pole-orbitrap and triple quadrupole mass spectrometers [J]. J
Chromatogr A, 2013, 1321: 88-99.

Self RL, Wu WH. Determination of eight biogenic amines in se-
lected seafood products by MSPD extraction followed by
UHPLC-Orbitrap MS [J]. J Food Compos Anal, 2012, 27 (2):
169-173.

Glauser G, Veyrat N, Rochat B. Ultra-high pressure liquid chro-
matography—mass spectrometry for plant metabolomics: A sys-
tematic comparison of high-resolution quadrupole-time-of-flight
and single stage Orbitrap mass spectrometers [J]. J Chromatogr A,
2013, 1292: 151-159.

Casal S, Fernandes JO, Oliveira MBPP, et al. Gas chromato-
graphic-mass spectrometric quantification of 4-(5-)methylimidazole
in roasted coffee after ion-pairextraction [J]. J Chromatogr A,
2002, 976 (1-2): 285-291.

Thomsen M, Willumsen D. Quantitative ion-pair extraction of
4(5)-methylimidazole from caramel colour and its determination
by reversed-phase ion-pair liquid chromatography [J]. J Chro-
matogr A, 1981, 211 (2): 213-221.

Claudia S, Mariya M, Julia S, et al. Determination of
2-methylimidazole, 4-methylimidazole and 2-acetyl-4-(1,2,3,4-
tetrahydroxybutyl)imidazole in caramel colours and cola using

LC/MS/MS [J]. J Chromatogr B, 2013,927 (1): 223-226.
(FT1ES 4 A3 m)

1EE &

X =, L, TRIF, TEMR
FEARRER.
E-mail: liuy4@jsciq.gov.cn



