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Abstract: A method of ultra-high performance liquid chromatography quadrupole electrostatic field
Orbitrap mass spectrometry (UHPLC-Q/Orbitrap MS) was developed for rapid screening illegal

additives in diet food. The efficacy of three extraction solvents for methanol, acetonitrile and
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acetonitrile containing 1% formic acid were evaluated for the extraction of illegal additives from
green plums and jellies. Ultimately, acetonitrile is selected to extract illegally additives under
ultrasonication. In order to achieve good separation of the additives by UHPLC in diet foods, four
mobile phases were compared, including methanol (0.1% formic acid)-water (0.1% formic acid and
5 mmol/L ammonium acetate), acetonitrile (0.1% formic acid)-water (0.1% formic acid and
5 mmol/L ammonium acetate), acetonitrile-water (5 mmol/L ammonium acetate), acetonitrile-water.
The effects of mobile phases and acidity levels on the chromatographic behavior of the additives were
investigated, and acetonitrile-water containing 5 mmol/L ammonium acetate shows the best
performance under appropriate gradient. Then, the MS data were acquired in Full MS/dd-MS* mode
on UHPLC-Q/Orbitrap MS with the matrix-matched external standard method for quantification.
Based on the self-constructed database of illegal additives in diet foods, one unknown additive is
detected in a diet food containing green plums and jelly. By characterizing the molecular ion peak,
secondary fragment ion information, and isotopic information, the unknown compound is identified to
be 4-chlorobisacetophenetidin, also an illegal additive, which was verified by computation of density
functional theory and analysis of the standard substance. To validate the accuracy and reliability of
the method, the limits of detection (LODs), the limits of quantification (LOQs), linear ranges,
recoveries, relative standard deviations (RSDs) and matrix effect (ME) for eight compounds were
determined. The LODs and LOQs of deacetylbisacodyl and bisacodyl are 0.001 and 0.005 mg/kg,
respectively. The LODs and LOQs of other compounds are 0.05 and 0.1 mg/kg, respectively. The
correlation coefficient (R”) is higher than 0.999. All of the compounds exhibit varying degrees of
MEs from moderate to weak, and the recoveries is in the range of 71.02%-103.01% with the RSDs
of 0.87%-13.24%. The approach was applied to diet food containing green plums and jelly. The
4-chlorobisacodyl are detected in 30% of the green plums, suggesting that this method is suitable for
the rapid qualitative and quantitative analysis of illegal additives in diet food. It is also demonstrated
that the established screening process plays a positive role in identifying potential risk substances.
The combination of quantum chemistry computation and mass spectrometry provides a novel strategy
for the identification of unknown additives in food.

Key words: diet food; illegal additives; ultra-high performance liquid chromatography quadrupole
electrostatic field Orbitrap mass spectrometry (UHPLC-Q/Orbitrap MS); suspicious substance
screening
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Fig. 1 Recovery rates of greenplums (a) and jelly (b) with different extraction solvents
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Fig. 3 Flow chart of suspicious substance screening by mass spectrometry
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Table 1 Mass spectrometric information for 8 target substances

T RENE it

L i Molecular  Retention : ﬂ%‘¥ F‘E%%}%
No. Compound formula time/min Adduct ion Parent ion (m/z) Daughter ion (m/z)
1 T3 ik CyoH,,04 6.02 [M+H]" 319.0965 225.0546, 197.0597, 169.0648, 141.0699
2 JROBEIPHEIEE  CH NO, 5.03 [M+H] 278.1176 184.0757, 167.0730
3 HL Vb AT IE C,,H,;,2NO, 10.17 [M+H] 362.1387 184.0757, 226.0863
4 BB TEERREE  ChyH,oNO; 11.05 [M+H]" 418.1285 240.0655, 212.0706, 149.0233, 71.0855, 85.1012
5 BT CyH,;NO; 14.17 [M+H]" 430.1649 224.0706, 196.0757
6 WU T CH yNO; 10.02 [M+H]" 402.1336 266.0812, 224.0706, 196.0757
7 WS T CyH sNO, 5.57 [M+H] 334.1074 240.0655, 212.0706
8 4-EWEE T CuHCINOs  12.45 [M+H] 436.0947 300.0421, 258.0317

®2 STHEMMMNEMER RERY W HR EER FHEYE. AR ERE R E RN (n=6)

Table 2 Linear ranges, correlation coefficient, LODs, LOQs, average recoveries,
RSDs and ME of 8 target substances (n=6)

H #Greenplum RJelly
A A
. 2R e GRS s
o feam ey RBROERR e nsrmmeig) i (RSD)
Linear range/ . LOD/ LOQ/ L E951)
No.  Compound Correlation Recovery (RSD)/% x Recovery (RSD)/% .
(pg/L) . (mg/kg) (mg/kg) BN A
coefficient % ME/%
1xLOQ 2xLOQ 10xL0Q ME/% 1x1,0Q 2xLOQ 10xLOQ 0
1 [T 10~200 0.9996 005 01 91.16 9743 8215 —29.25 94.02 8296 79.73 —23.08
(5.23) (6.60) (7.27) (10.54) (8.11) (5.00)
2 BZBEHIPRIBE  0.5~20 0.9993  0.001 0.005 7398 7235 71.02 -16.48 8229 8596 8511 —24.20
(434) (1.67) (4.41) (1.73) (1.79) (2.67)
3 He b AT 0.5~20 0.9997  0.001 0.005 77.58 8553 77.35 —14.08 81.63 81.38 73.07 —20.31
(2.40) (3.57) (4.26) (2.64) (4.55) (0.87)
4 WYL T ESEREE  10~200 0.9997 0.05 0.1  79.15 8269 84.53 —25.37 7231 9631 77.94 —23.35
(3.29) (1.59) (9.82) (6.94) (3.80) (2.64)
5 WA T 10~200 0.9997 0.05 0.1 7828 77.92 8151 —36.66 71.73 98.52 71.46 —31.40
(3.82) (2.51) (13.24) (4.00) (3.28) (3.50)
6 PO 10~200 0.9996 0.05 0.1 9078 86.09 84.68 —10.90 80.01 89.17 78.81 —11.50
(4.85) (3.96) (7.67) (5.89) (4.20) (2.08)
7 XS T 10~200 0.9995 0.05 0.1 8643 8125 8378 —24.88 77.59 9929 8149 -22.94
(3.77) (441) (1.83) (5.85) (7.37) (2.10)
8 A-GAXEEEY T 10~200 0.9991 0.05 0.1 7402 73.86 80.67 —31.28 71.18 103.01 7539 -28.39
(7.30)  (3.55) (11.22) 9.08) (7.19) (3.87)

Y ZR 9B BRI, KRR e B . DA 3
U B B - Ik 1R Y £ 0 3 A AR R L R A
R (LOD), LAk & ¥ 7E £ 1 3 Bl o il A [l )i 5%
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