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Deter mination of 4-methylimidazole in soy sauce, vinegar and bever age by
ultra high-performance liquid chromatography-tandem mass spectrometry

WANG Li-Ying', REN Bei-Bei', YANG Li-Xin"?, LU Yang', CHANG Feng-Qi', LIU Yin-Ping'"

(1. Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China;
2. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China)

ABSTRACT: Objective To establish a method to determine the 4-methylimidazole (4-Mel) concentrations
in soy sauce, vinegar and beverage by ultra high-performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS). Methods Soy sauce, vinegar and beverage samples were purified by MCX
solid phase extraction column. Then acetonitrile-water (containing 0.05% ammonia) was used as
chromatographic separation conditions, the 4-Mel signal was collected in MRM mode and quantified by
isotope internal standard. Results The linear relationship was good from 10 ug/L to 1000 pg/L and the
correlation coefficient was 0.9995. The recovery of low, medium and high levels was 90.5%~101.6% and the
relative standard deviation was less than 6.6%. 4-Mel was contained in all samples. The concentration level of
4-Mel ranged from 23.3~4310.8 mg/kg with a mean of 823.3 pg/L, 111.2~2077.8 pg/L with a mean of 622.5
pg/L and 10.8~307.1 pg/L with a mean of 94.8 pg/L in soy sauce, vinegar and beverage samples, respectively.
Conclusion This method is simple, rapid and of high sensitivity, which is suitable for detection of 4-Mel in
soy sauce, vinegar and beverages.

KEY WORDS: ultra high-performance liquid chromatography-tandem mass spectrometry; 4-methylimidazole;

*BITEE: , , E-mail: liuyinping0930@163.com
*Corresponding author: LIU Yin-Ping, Chief Technician, Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021,
China. E-mail: liuyinping0930@163.com



>

3 R - 4- 963
soy sauce; vinegar; beverage
N liquid chromatography-tandem mass spectrometry,
1 53] 3 UHPLC-MS/MS) ,
4-Mel
4-Mel
, ; 2 MRERE
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[1.2]
[3.4] ,
( ; ); ( ,
, J.T.Baker ); 4-MEI(C4HgN,) ( 99.5%,
, , Sigma ); Ds-4-MEI (C/D/N Isotopes,
( pH ) (
) ) 4- )
(4-methylimidazole, 4-MeI) ' 2012 TSQ Quantum Access MAX
(CSPI) (Thermo Scientific, Sunnyvale, CA);
, ( );
4-Mel 4-Mel ( Organomation ); Waters Oasis MCX 3 cc(60
6] mg) ( Waters )
GB8817-2001 ( 22 EWHE
) > 4-Mel 0.02%, 221 RABEEEMN
4-Mel Polaris Cig-A (1.8 pm, 2.1 mmx100
4-Mel (gas mm); 0.3 mL/min; 10 pL, 30 C;
chromatography, GC)"*, - (gas A ( 0.05% ), B s
chromatography-mass spectrometry, GC-MS)™), 5% B, 3 min, 3
(liquid chromatography, LC)!'", - min 5 min 40%, 5.1 min
(liquid chromatography-mass spectrometry, 5%, 6.5 min
LC-MS)!'B1 G , GC-MS 222 Fig&Att
, , LC-MS/MS , : ;
, , 1 3.0 kV; : 35 Arb; . 7 Arb;
1300 C, 1300 C
(solid phase extraction, SPE) , 4-Mel m/z=83.1>42.6 mM/z=83.1>56.5, Ds-4-Mel
(ultra high-performance m/z=88.0>60.5 m/z=88.0>61.5,
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ESI+ , 0.05% / (95:5)
223 AFEEIREH 1.0 mL, , 022 um ,
4-Mel : 4-MeL 1.5mL ,  UHPLC-MS/MS
D5-4-Mel 0.0100 g( 0.0001 g),
10 mL, 4-MeL  Ds-4-Mel 3 ER5WE
1.0 mg/mL 4 31 BIAMEET ARG
20 pL 1 mg/mL  4-MeL 10 mL
2.0 pg/mL ’
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A-Mel. 10000 r/min 3 min S
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10 50 100 200 500 1000 ng/mL ’
224 HmaTaE ’ ’
ey ’ ’
0.4 mL 15mL  MEX
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, 200 uL 0.02 mol/L ,1mL ., 32 UHPLC-MSMS&ILNBEE&EMRILEEMY
, SPE B E
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MCX 3 cc(60 mg) ) 2mL 56.5 60.5 4-Mel  Ds-4-Mel
) 2 mL 2 mL 2 2 4-Mel
, , 2mL5% (v (M/z=83.1>56.5)  Ds-4-Mel(m/z=88.0>60.5)

, 45 C , 1.98 min  1.94 min
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Fig. 1 Chromatogram of soy sauce
a:
a: Extract with acetonitrile; b: Extract without acetonitrile
RT: 0.00-6.00 1.08 Y X(10~1000 pg/L)
100 +
5 , R
80
<2 60 - 0.9995; 1.5 pg/L ( SN=3)
] 332 Fiktg e EFAE B
H 4-Mel
20 4 s
0] 075 108 225 253333 445500 5.54
100 - L2% bt i) (min) ’
80 1 6 >
g 60 4 (RSD) 1 R 90.5%~
Eﬁ jg ) 66 De-4-Mel 101.6%, (RSD)  3.1%~6.6%
T 2.15 N A S S
0 0}18 0.92 1.6_§ J %_83 3“,_31 4.%5 4.§3 5.62 34 1‘$:'::|':':F' 4-Mel /—’SE F ;|)'|\|J/E
i) (min) 4-Mel
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Fig. 2 The chromatograms of 4-Mel and D5-4-Mel 25 23 16
33 FHEFHEER 4-Mel, 4-Mel
331 AMEA 4-Mel
223 , 2 4-Mel
UHPLC-MS/MS 4-Mel 3

x1 4-Mel £&EMH. B ORHERPRMAE, BYER RSD (n=6)
Tablel The spiked levels recovery and RSD of 4-Mel in soy sauce, vinegar and bever age samples (n=6)

(ng/L)
1% RSD/% 1% RSD/% 1% RSD/%
500 200 50 94.5 6.6 93.7 4.8 90.5 4.1
500 200 50 101.6 3.8 94.9 5.1 96.1 3.1
200 100 50 99.6 3.9 96.1 3.5 94.8 4.6
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Table2 The detection resultsof 4-Mel in soy sauce, vinegar, and bever age samples
(ng/L) (%) (ng/L) (%) (ng/L) (%)
<100 10 40.0 100~200 10 43.5 <50 6 375
100~1000 8 32.0 200~500 3 13.1 50~100 4 25.0
1000~2000 4 16.0 500~1000 5 21.7 100~200 4 25.0
>2000 3 12.0 >1000 5 21.7 >200 2 12.5
%
4000 |- Bl 4-Mel ,
L I A
3500 - . B ’ ’ 4-Mel
s . C
3000
3 2500 RT: 0.00-6.00
2 i y 100 201
= 2000 504
¥ Q
~ 1500 | T S 604 2.06
L —— 404
1000 | = 2.13 4-Mel
I 204020 129 132 235 315 378 448 516 597
500 - 0 :
I . 100 129 Wil (min)
O - 1 1 + . 80 -1
A B C X 60
il 4
3 4-Mel " 38 D3-4-Mel
. o . 0.13 101 159 %1_2‘2._63 330 445500 579
Fig. 3 The concentration distribution of4-Mel in soy sauce, 0
vinegar and beverage samples fif 17 (min)
A: ; B: ; C:
A: soy sauce; B: vinegar; C: beverage 4
Fig.4 The chromatograms of vinegar sample
4-Mel
23.3~4130.8 pg/L, 823.3 pg/L 4-Mel 10.8~
Yamaguchi (161 307.1 pg/L, 94.8 ng/L
[12] )
4-Mel,
, 4-Mel ; ’
, 4-Mel : > 4-Mel
4-Mel s LR
4 ip5ie
4-Mel 111.2~
2077.8 pg/L, 622.5 pg/L 4-Mel , UHPLC-MS/MS
4 , 4-Mel
, 4-Mel , 4-Mel

4-Mel
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