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Metabolomic investigation of secondary metabolites of prepared slices
of Glycyrrhiza uralensis with different degrees of honey processing
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Abstract: A metabolomics method was used to search for chemical markers in prepared slices of Glycyrrhiza
uralensis with different degrees of honey processing. Coupled with these metabolomics analytical methods, ultra-
performance liquid chromatography with quadrupole time-of-flight tandem mass spectrometry (UPLC-Q-TOF/MS)
was used to generate global chemical profiles of the raw material of Glycyrrhiza uralensis and the prepared slices.
The samples were collected in Shanxi, Hebei Zhangjiakou and Inner Mongolia. A total of 57 chemical components
were identified in Glycyrrhiza uralensis by using the UNIFI theoretical database combined with the library of
reference samples. Among them, 37 compounds were identified in positive ion mode and 56 compounds were
identified in negative ion mode. Unsupervised principal component analysis (PCA) showed that the chemical
ingredients differed considerably depending on the extent of processing. Supervised orthogonal partial least squares
discriminant analysis (OPLS-DA) was used to differentiate the moderate processing group and the raw group, and
partial least squares discriminant analysis (PLS-DA) was used to differentiate the less, the moderate, and the
excessive processing groups. The results showed that the contents of glycyrrhizic acid, licoricesaponin G2, and
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licoricesaponin E2 varied with the extent of processing. The content of these components increased after processing,
and reached the highest level when the extent of processing was moderate (P < 0.05). Glycyrrhizic acid, licorice-
saponin G2 and licoricesaponin E2 can be regarded as the chemical markers to differentiate the samples with different
degrees of processing. These three compounds can be used to monitor the processing of Glycyrrhiza uralensis.

Key words: Glycyrrhiza uralensis; honey processed; metabolomics; glycyrrhizic acid; licoricesaponin G2;

licoricesaponin E2
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Table 1 The information of the prepared slices of G. uralensis.
R: Raw; LP: Less processing; MP: Moderate processing; EP:
Excessive processing; WGR: Weight gain rate

. R LP MP EP

Locations (No) (No) WGR (No) WGR (No) WGR
Shanxi 01 01 23% 01 19% 01 18%
02 24% 02 21% 02 16%

Hebei 01 01 23% 01 19% 01 17%
Zhangjiakou 02 23% 02 22% 02 18%
Inner 01 01 24% 01 20% 01 18%
Mongolia 02 22% 02 21% 02 17%
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Figure 1 Base peak intensity (BPI) chromatograms of G. uralensis
in positive ion mode (A) and negative ion mode (B)
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Figure 2 The PCA scores plot for R group versus LP group versus MP group versus EP group in Shanxi (A), Hebei Zhangjiakou (B) and

Inner Mongolia (C)
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Figure 3 S-plots of OPLS-DA for R group versus MP group in Shanxi (A), Hebei Zhangjiakou (B) and Inner Mongolia (C)
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Table 2 Identification of compounds in G. uralensis in positive ion mode. *Compounds confirmed by comparison with reference

compounds
No.  ti/min m/z Exz&;;r;eDr;tal T:f;jg:' (Erlrg_z) Adduct Identity
1 8.76 257.079 1 256.073 6 256.0719 -6.6 +H Liquiritigenin®
2 13.31 257.078 9 256.073 6 256.0717 -7.4 +H Pinocembrin
3 13.66 269.079 0 268.073 6 268.0717 -6.8 +H 7-Methoxy-4'-hydroxy-3-phenylcoumarin
4 8.72 287.089 5 286.084 1 286.082 2 -6.6 +H Homobutein
5 17.33 315.085 1 314.0790 314.0778 -3.9 +H Kumatakenin
6 18.65 341.136 9 340.1311 340.129 7 4.2 +H (%)-8-Prenylnaringenin
7 17.27 353.100 8 352.094 7 352.093 6 -3.2 +H Demethylglycyrol
8 16.65 353.136 5 352.1311 352.129 2 -5.3 +H Gancaonin G
9 18.00 353.136 5 352.1311 352.129 2 -5.4 +H Gancaonin M
10 17.85 355.1157 354.110 3 354.108 4 -5.3 +H 6-C-Prenylluteolin
11 18.32 355.116 3 354.110 3 354.109 0 -3.8 +H Licoflavonol
12 17.38 355.152 5 354.146 7 354.145 2 4.2 +H 1-Methoxyphaseollidin
13 17.07 357.1311 356.126 0 356.123 8 -6.2 +H Isolicoflavonol
14 17.42 357.167 4 356.162 4 356.160 1 -6.4 +H Glyasperin C
15 19.23 367.116 5 366.110 3 366.109 2 -3.0 +H Glycyrol
16 17.01 369.132 1 368.126 0 368.124 8 -3.1 +H 3-Methoxy-3'-prenylkaempferol
17 22.66 369.168 5 368.162 4 368.161 2 -3.1 +H Dehydroglyasperin D
18 15.15 371.147 3 370.1416 370.140 1 -4.3 +H Glyasperin B
19 21.39 371.147 3 370.1416 370.1400 -4.4 +H Glycyuralin E
20 21.65 371.1835 370.178 0 370.176 2 -5.0 +H Glyasperin D
21 20.58 383.147 7 382.1416 382.140 4 -3.2 +H Gancaonol A
22 18.47 383.1475 382.1416 382.140 2 -3.7 +H, +Na Glycyrin
23 22.47 399.178 4 398.1729 398.1712 4.4 +H, +Na Kanzonol M
24 8.25 419.1320 418.126 4 418.124 8 -3.9 +H Isoliquiritin®
25 17.20 455.130 3 432.142 0 432.1411 -2.1 +Na, +NH, Poncirenin
26 26.59 439.246 3 438.240 6 438.239 0 -3.7 +H Licorisoflavan A
27 20.33 441.2247 440.2199 440.217 4 -5.6 +H Glycycarpan
28 20.10 443.240 6 442.2355 442.233 3 -5.0 +H Glycyuralin A
29 24.83 471.3456 470.339 6 470.338 3 -2.7 +H Glycyrrhetinic acid®
30 7.93 551.174 6 550.168 6 550.167 3 -2.4 +H Isoliquiritin apioside®
31 7.85 563.174 7 562.168 6 562.167 5 -2.1 +H Glycyroside
32 15.87 809.429 7 808.424 5 808.422 5 -2.6 +H Licorice saponin B2
33 13.95 821.394 4 820.388 1 820.387 1 -1.2 +H Licoricesaponin E2
34 15.10 823.4113 822.403 8 822.404 0 0.3 +H, +Na, +NH, Glycyrrhizic acid ?
35 14.12 839.406 0 838.398 7 838.398 7 0.0 +H Licoricesaponin G2
36 12.81 881.416 3 880.409 3 880.409 0 -0.3 +H Uralsaponin M
37 12.29 985.467 0 984.456 6 984.459 7 31 +H Licoricesaponin A3
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Figure 4 Loading plots of PLS-DA for LP group versus MP group versus EP group in Shanxi (A), Hebei Zhangjiakou (B) and Inner
Mongolia (C)
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Table 3 Identification of compounds in G. uralensis in negative ion mode. *Compounds confirmed by comparison with reference

compounds
No.  t/min iz Ex&e;r;gr;tal T::a:;;t;::l (Eflfg_re) Adduct Identity
1 8.79 255.065 1 256.073 6 256.072 4 -4.6 -H Liquiritigenin®
2 13.37 255.065 2 256.073 6 256.0725 -4.2 -H Pinocembrin
3 13.72 267.065 4 268.073 6 268.072 6 -34 -H 7-Methoxy-4'-hydroxy-3-phenylcoumarin
4 8.75 285.076 0 286.084 1 286.083 3 -3.1 -H Homobutein
5 17.40 313.0715 314.0790 314.078 8 -0.9 -H Kumatakenin
6 21.44 335.091 2 336.099 8 336.098 5 -3.8 -H Isoderrone
7 18.73 339.1231 340.1311 340.130 4 -2.0 -H (%)-8-Prenylnaringenin
8 17.35 351.086 9 352.094 7 352.094 2 -15 -H Demethylglycyrol
9 20.44 351.086 3 352.094 7 352.093 6 -3.1 -H Licoisoflavone B
10 16.72 351.123 2 352.1311 352.130 5 -1.7 -H Gancaonin G
11 18.08 351.1232 352.1311 352.130 4 -1.8 -H Gancaonin M
12 17.92 353.102 3 354.110 3 354.1095 2.2 -H 6-C-Prenylluteolin
13 18.39 353.102 4 354.110 3 354.109 7 -1.8 -H Licoflavonol
14 17.45 353.138 5 354.146 7 354.145 7 -2.8 -H 1-Methoxyphaseollidin
15 23.10 353.138 2 354.146 7 354.1455 -34 -H Gancaonin |
16 17.14 355.118 0 356.126 0 356.125 3 -1.9 -H Isolicoflavonol
17 17.49 355.154 4 356.162 4 356.161 6 2.1 -H Glyasperin C
18 17.09 357.1339 358.141 6 358.141 2 -1.3 -H Glicophenone
19 19.30 365.102 1 366.110 3 366.109 4 -25 -H Glycyrol
20 17.00 367.118 6 368.126 0 368.125 8 -0.4 -H 3-Methoxy-3'-prenylkaempferol
21 22.72 367.153 9 368.162 4 368.161 2 -3.3 -H Dehydroglyasperin D
22 15.14 369.133 6 370.141 6 370.140 8 2.1 -H Glyasperin B
23 21.26 369.1330 370.141 6 370.140 3 -3.7 -H Glycyuralin E
24 21.72 369.169 8 370.178 0 370.1771 -2.5 -H Glyasperin D
25 20.64 381.1334 382.1416 382.140 6 -2.6 -H Gancaonol A
26 18.51 381.1336 382.1416 382.1409 -2.0 -H Glycyrin
27 22.33 383.148 7 384.157 3 384.156 0 -34 -H Kanzonol N
28 22.53 397.164 0 398.172 9 398.1713 -4.2 -H Kanzonol M
29 8.26 417.118 5 418.126 4 418.125 8 -15 -H Isoliquiritin?
30 4.02 417.118 6 418.126 4 418.1258 -13 -H Liquiritin®
31 8.13 475.1235 430.126 4 430.1253 -2.3 +HCOO Ononin
32 17.23 477.140 4 432.142 0 432.142 2 0.3 +HCOO Poncirenin
33 22.33 433.149 2 434.1577 434.156 4 2.9 -H (3R)-Vestitol 7-O-glucoside
34 22.53 437.1957 438.204 2 438.203 0 -2.9 -H Licoriquinone B
35 26.61 437.232 6 438.240 6 438.2399 -1.7 -H Licorisoflavan A
36 20.35 439.2110 440.2199 440.218 3 -3.6 -H Glycycarpan
37 20.12 441.226 9 4422355 442.234 2 -3.0 -H Glycyuralin A
38 24.85 469.331 6 470.339 6 470.338 9 -1.6 -H Glycyrrhetinic acid®
39 7.98 549.160 5 550.168 6 550.167 8 -15 -H, +HCOO Isoliquiritin apioside®
40 3.93 549.160 5 550.168 6 550.167 8 -15 -H Liquirtin apioside®
41 7.97 561.160 3 562.168 6 562.1675 -1.9 -H, +HCOO Glycyroside
42 22.54 569.146 4 570.152 6 570.153 7 1.9 -H Licobichalcone
43 9.20 695.197 4 696.205 4 696.204 7 -1.1 -H Licorice glycoside D2
44 9.25 725.208 4 726.216 0 726.2157 -0.4 -H Licorice glycoside A
45 16.80 777.407 4 778.414 0 7784147 0.9 -H, +HCOO Araboglycyrrhizin
46 15.38 807.417 4 808.424 5 808.424 7 0.2 -H, +HCOO 22-Dehydroxyuralsaponin C
47 13.97 819.380 9 820.388 1 820.388 2 0.1 -H Licoricesaponin E2
48 15.14 821.3979 822.403 8 822.405 2 1.7 -H Glycyrrhizic acid®
49 11.78 821.395 2 822.403 8 822.4025 -1.5 -H 18a-Glycyrrhizin
50 16.79 823.4133 824.419 4 824.420 5 1.3 -H Uralsaponin P
51 14.15 837.3913 838.398 7 838.398 6 -0.1 -H Licoricesaponin G2
52 12.82 879.401 5 880.409 3 880.408 8 -0.5 -H Uralsaponin M
53 14.44 953.475 1 954.482 4 954.482 4 0.0 -H, +HCOO Uralsaponin T
54 13.64 965.438 5 966.446 0 966.445 8 -0.2 -H Uralsaponin Y
55 12.29 983.448 1 984.456 6 984.455 4 -1.2 -H Licoricesaponin A3
56 12.37 1025.459 0 1026.467 0 1026.467 0 -0.6 -H Uralsaponin X
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Table 4 The R?X, R?Y, and Q? value of OPLS-DA scores plot and PLS-DA scores plot of G. uralensis in the three locations

Parameter Shanxi Hebei Zhangjiakou Inner Mongolia
OPLS-DA PLS-DA OPLS-DA PLS-DA OPLS-DA PLS-DA
R2X 0.973 0.930 0.974 0.977 0.953 0.951
R2Y 0.997 0.976 0.991 0.986 0.993 0.988
Q? 0.989 0.926 0.962 0.945 0.983 0.946
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Figure 5 The structures of glycyrrhizic acid (A), licoricesaponin G2 (B) and licoricesaponin E2 (C)
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