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Abstract: Honey-processed Glycyrrhiza (G.) uralensis has a wide range of pharmacological and

medicinal effects. The processing of G. uralensis with honey has been associated with an increase in

the content of pharmacologically active components and the enhancement of tonic effects. However,

the mechanism underlying quality changes during processing remains unclear, as does the influence

of its origin on the quality of honey-processed G. uralensis. In this study, the neutral desorption-

extractive electrospray ionization mass spectrometry (ND-EESI-MS) method was used to analyze

four honey-processed G. wuralensis samples with different processing degrees, including raw

G. uralensis (S1), raw G. uralensis mixed with honey (S2), heated (S3), and further processed until it

was no longer sticky (S4). The samples were analyzed under positive and negative ion modes using

80% methanol as the extractant to explore the quality formation mechanisms during the processing.

Additionally, the quality of honey-processed G. uralensis from six origins, namely Inner Mongolia,

Xinjiang, Gansu, Anhui, Guangdong, and Jiangxi was also assessed. Five experimental conditions

were optimized, including extractant, extractant flow rate, electrospray voltage, extractant air

pressure, and auxiliary air pressure at the samples site. Collision-induced dissociation (CID)

experiment was used to determine the target ions. A total of 35 compounds in honey-processed

G. uralensis were identified, including 17 compounds of hexanal, serine, proline, valine, octanal,

methyl caproate, limonene, carvacrol, methyl salicylate, phenylalanine, arginine, ferulic acid, sinapic

acid, ethyl myristate, kaempferol, aromadendrin, and glycycoumarin under positive ion mode, and 18

compounds of salicylic acid, protocatechuic acid, p-hydroxyphenylpropionic acid, gallic acid, caffeic

acid, liquiritigenin, formononetin, baicalein, naringenin, acacetin, glabridin, glabrone, glabrol,

liquiritin, isovitexin, glycyrrhizic acid, glycyrrhetinic acid and liquiritin apioside under negative ion

mode. More importantly, active metabolites increased in abundance and were better detected under

positive ion mode, such as flavonoids and triterpenoids. The results showed that principal component

analysis (PCA) and partial least squares discriminant analysis (PLS-DA) based on the MS data can

effectively distinguish the four different processing degrees of G. uralensis samples. During honey

processing, the contents of glabrol, acacetin, glycycoumarin, and glycyrrhetinic acid continued to

accumulate. Similarly, PCA and PLS-DA can distinguish the metabolite profile of honey-processed

G. uralensis from six origins. The contents of glycyrrhizic acid, glycyrrhetinic acid, liquiritigenin, and

naringenin were higher in honey-processed G. uralensis from Inner Mongolia, indicating its superior

quality. This study demonstrates a novel technique, which eliminates the need for sample

pretreatment, for the rapid, in situ, non-destructive detection of plant-derived foods and Chinese

herbal medicines, providing a comprehensive analysis of quality.

Key words: neutral desorption-extractive electrospray ionization mass spectrometry (ND-EESI-MS);

Glycyrrhiza uralensis; principal component analysis (PCA); partial least squares-discriminant analysis

(PLS-DA); active compound
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Fig.1 Schematic of analysis of honey-processed Glycyrrhiza uralensis by neutral desorption-extractive

electrospray ionization mass spectrometry
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Fig. 2

Optimization of experimental conditions for ND-EESI-MS based on target ion of liquiritigenin (m/z 257) in

honey-processed G. uralensis under positive ion mode
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Table 1 Identification of 35 compounds in honey-processed G. uralensis by ND-EESI-MS

under positive and negative ion modes

75 EY 5 FR BE T I RE T

Number Compound Molecular formula Precursor ion (m/z) Characteristic fragment ion
1 CLE CH,,0 101 m/z 83[M+H-H,0]"
2 227 IR C,H,NO, 106 m/z 88[M+H-H,0]"
3 =N CsH,NO, 116 m/z 70[M+H-H,0-COJ"
4 ETERN C4H,\NO, 118 m/z 100[M+H-H,0]", m/z 58[M+H-C;H,,N]"
5 S CgH,0 129 mlz 112[M+H-OH]"
6 CL R i C,H,,0, 131 m/z 113[M+H-H,0]", m/z TAIM+H-C,H,]"
7 Frigss CioH,g 137 m/z 93[M+H-C;Hy]", m/z T9[M+H—CH,,]"
8 T C,H,,0 151 m/z 132[M+H-H,0-H]"
9 TR A 1R i C4H,0, 153 m/z 135[M+H-H,0]", m/z 121[M+H-H,0—CH,]
10 AN R C,H,,NO, 166 m/z 148[M+H-H,0]", m/z 121[M+H-COOH]"
11 WA CH,,N,0, 175 m/z 158[M+H-OH]", m/z 157[M+H-H,0]"
12 B ZRIR C,H,,0, 195 m/z 177[M+H-H,0]"
13 Irfm C,H,,05 225 m/z 183[M+H-C,H,0]", m/z 207[M+H-H,0]"
14 AN ELRE R 2.1 C,H3,0, 257 m/z 102[M+H~C,,Hy,]", m/z 88[M+H—C ,H,s]"
15 LAy Cy5H,,04 287 m/z 269[M+H—-H,0]", m/z 241[M+H-CO-H,0]"
16 HTEE C,sH,,04 289 m/z 271[M+H-H,0]", m/z 245[M+H-CO,]
17 HREEER CyHy04 369 m/z 351[M+H-H,0]", m/z 313[M+H-C,H,]"
18 KR C,H,0, 137 m/z 109]M—H—-CO]", m/z 93[M—H—C,H,0]
19 JFILASR C,H,0, 153 m/z 109[M—H—CO,] ", m/z 62[M—H-C,H,,0,]
20 XHRIEIN IR CoH,,0; 165 m/z 121[M-H-CO,] ", m/z 137[M-H-CO]"
21 WETmR C,HO; 169 m/z 151[M—H-H,0T", m/z 125[M—H-CO,]”
22 JjifE iy CyH 0, 179 m/z 151[M—H—CO] ", m/z 135[M—H-CO,]
23 HHEER CsH,,0, 255 m/z 237[M—H-H,0]", m/z 135[M—H-CH 0]
24 TR R CH,,0, 267 mlz 252[M—H—-CH,]"
25 AR C,5H,40;5 269 m/z 251[M—H-H,0], m/z 225[M—~H-CO,]
26 ik & C,5H,,0;4 271 m/z 253[M—H-H,0], m/z 151[M—H-CsH,0]
27 FIREE &R C,6H,,0;5 283 m/z 268[M—H—CH,]", m/z 255[M—H-CO]
28 HH B C,oH,00, 323 m/z 135[M—H-C,,H,,0,]"
29 FCRH CoH,0s 335 m/z 320[M—H—CH,]", m/z 291 [M—H—CO,]
30 JEH R CysHys0, 392 m/z 203[M—H-C ;H,,0], m/z 187[M—H-C ;H,,0,]"
31 EECAER C,,H,,0, 417 m/z 255[M—H-C¢H,,0;]"
32 SR CyHy0 431 m/z 341 [M—H-CH0]"
33 ARGRVNIT CyoHy04 470 m/z 426[M~H-CO,]
34 R E S CyHyOs 550 m/z 297[M—H-C sH,0,], m/z 225[M—H-C,,H,,0,]"
35 HHR CpoHiuO) 822 m/z 804]M—H-H,0] , m/z 351[M—H-C;,H,,0,]"
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