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Abstract: To identify the bitter compounds of real-world Xiaoer Ganmao Oral Liquid sugar-free intermediates,
an integrated strategy has been developed by using ultra-high performance liquid chromatography with linear ion
trap-Orbitrap mass spectrometry (UHPLC-LTQ-Orbitrap MS") method and BitterX database prediction. The chro-
matographic operating conditions were as follows, chromatographic column: Acquity UPLC BEH C; (100 mm X
2.1 mm, 1.7 pm), mobile phase: 0.1% formic acid-water solution (A)-acetonitrile (B) with gradient elution. The
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data were collected in positive and negative ion modes, respectively. The accurate molecular mass and structural

information of the target compounds were obtained based on quasi-molecular ions and fragmentation ions provided

by high-resolution mass spectrometry. The compounds were identified by combining retention time, reference

substances, reports, and other relevant data, and a total of 57 constituents including flavonoids, alkaloids, and

phenylpropanoids were finally identified. Further, the BitterX database was used to predict binding probability

of compounds to bitter receptors and identify potential bitter critical quality attributes, finally 33 potential bitter

compounds, including kukoamine A and linarin, were predicted. This study comprehensively characterized the

material basis of Xiaoer Ganmao Oral Liquid sugar-free intermediates, it provides an effective method for bitter

compound screening and a reference for further improving the undesirable taste of Xiaoer Ganmao Oral Liquid.
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Table 1 Gradient elution profile
No. Time/min Acetonitrile/%
1 0 5
2 0 5
3 2 5
4 3 20
5 12 22
6 14 46
7 26 100
8 28 100
9 29 5
10 30 5
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Table 2 Flavor assignment for Xiaoer Ganmao Oral Liquid
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Name Flavor description

Flavor weight Dose/g Dose weight

Pogostemonis Herba Slightly bitter
Sweet, slightly bitter

Bitter

Chrysanthemi Flos
Forsythiae Fructus
Isatidis Folium
Isatidis Radix
Rehmanniae Radix

Slightly sour, bitter, astringent

Slightly sweet, slightly bitter
Lycii Cortex Slightly sweet and then bitter
Slightly bitter
Pungent, cool

Light

Cynanchi Atrati Radix et Rhizoma
Menthae Haplocalycis Herba

Gypsum Fibrosum

Slightly sweet, then bitter and astringent

Bitter 0.5 85 0.083 5
Sweet 1, bitter 0.25 85 0.083 5
Bitter 1 85 0.083 5
Sour 0.5, bitter 0.5, astringent 0.25 141 0.138 5
Sweet 0.5, bitter 1 85 0.083 5
Sweet 0.5, bitter 0.25 85 0.083 5
Sweet 0.5, bitter 1 85 0.083 5
Bitter 0.5 85 0.083 5
Pungent 1 141 0.138 5
Light 1 141 0.138 5
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Figure 1 The total ion chromatogram of Xiaoer Ganmao Oral Liquid sugar-free intermediates in positive (A) and negative (B) ion mode.

The peak numbers are the same as Table 3

Table 3 Results of UHPLC-LTQ-Orbitrap MS” analysis of Xiaoer Ganmao Oral Liquid sugar-free intermediates. *Compounds identified

by comparing with reference standards

No. ¢, /min Name Formula Adduct Found mass Error/10° MS® MS’ Class
1 079 y-Aminobutyric acid C,H)NO, +H 104.070 51 -0.914  86.858 64, 59.721 45 Amino acid
2 0.80 Malic acid C,H,0, -H 133.013 75 -3.733  114.872 16, 86.687 93, Organic acid

70.717 41
3 0.80 Quinicacid C.H,,0, -H 191.055 21 -4.718 17291551, 126.803 86, 108.77255,98.793 11,  Organic acid
108.820 54, 84.758 36 84.831 68, 80.813 14
4 101 Citricacid CH,0, -H 191.018 81 -4.794 172966 13, 128.796 78, Organic acid
110.808 53
5 1.02  Valine C,H, NO, +H 118.085 94 -2.669  101.893 60 Amino acid
6  1.02 Guanine CHN,0 +H 152.056 37 -2.081  134.782 88, 109.906 75, Purine
108.758 09, 106.717 73
7 1.05 Epigoitrin C,HNOS +H 130.031 74 -2.854  83.734 13, 69.827 96 Alkaloid
8 140 Guanosine CHNO, -H 282.083 22 -4.154  149.936 28 150.069 05, 132.777 11,  Purine
125.857 57, 106.786 71,
81.84773
9 140 Vanillic acid CHO, -H 167.034 19 -4.742  151.82561,122.809 74, 122.916 06, 107.84230  Organic acid
107.803 42
10 1.48  Leucine CH;,NO, +H 132.101 62 -2.159 131950 50, 85.799 97  85.981 98 Amino acid
11 1.65  Indole-3-carboxaldehyde ~ C,H,NO +H 146.059 91 -0.893  117.870 03 Indole
12 2.07 Phenprobamate C,H, NO, +H 166.086 15 -0.633  148.92551,119.902 73 Amino acid
13 221 Ferulic acid C,H,0, -H 193.049 99 -2.283 177936 98, 148.949 33, Phenylpropanoid
133.907 14
14 3.09 Rosmarinic acid C,H,0, -H 359.075 10 =5.962  196.960 30 Phenol
15 339 Loganic acid CH,0, -H 375.127 11 -6.825  168.979 71, 150.969 97, Iridoid
124.906 36
16 3.70 Caffeic acid C,H,0, -H 179.034 21 -4.312 13494279 134.908 52, 106.541 18,  Organic acid
90.754 52
17 428 Forsythoside E C,,H,,0,, +Na 485.161 87 4927  339.14035 Phenylpropanoid
18 4.44 Salicylic acid C,HO, -H 137.023 91 -3.703  92.87589 Organic acid
19 444 Protocatechualdehyde CH,0, -H 137.023 91 -3.703  118.808 70, 108.883 68 Phenol
20 447 Decaffeoyl verbascoside ~ C,H, 0, -H 461.164 40 -4.444  315.122 62, 297.108 40, Phenylpropanoid

160.827 48, 134.989 01
21 4.56 Kukoamine A CHNO,  +H 531.316 83 -3.723  367.386 96, 164.883 09 Alkaloid
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Continued
No. t,/min Name Formula  Adduct Found mass Error/10™ MS? MS’ Class
22 5.13 Verbascoside C,H, 0, -H 623.198 24 0.155  461.25513,315.25275 315.17242,134.979 13  Phenylpropanoid
23 529 Geniposide C,H,0, -H 387.129 73 0.155  225.108 40 Iridoid
24 571 Calceolarioside A C,H,0, -H 47713797 -4.747  315.074 10, 297.060 55, Phenylpropanoid
178.873 96, 160.921 08,
134.859 53
25 5.74 Forsythoside A* CH, 0 -H 623.197 20 -1.514  461.246 40, 443.261 54, Phenylpropanoid
179.055 18
26 5.80 Naringenin-7-O-f-D- C,H,0, -H 433.112 88 -2.632  271.139 80, 150.941 25 Flavonoid
glucopyranoside
27 6.04 Hesperidin C,H, 0, -H 609.180 11 -3.912  447.18903,429.292 91, 286.095 52, 242.025 45, Flavonoid
301.037 48,179.064 33 150.921 17, 124.916 51
28 6.10 3,5-Di-O-caffeoylquinic ~ C,H,0,, -H 515.118 84 -1.280  353.08594,190.971 63, 190.899 60, 178.889 98, Phenylpropanoid
acid* 178.883 30 172.938 14, 154.892 46,
134.891 28, 110.910 83
29 6.10 Isoquercitrin C,H,0, -H 463.085 66 -5.483  299.956 91 Flavonoid
30 6.20 Saponin C,H, 0, -H 593.149 54 -2.787  431.173 83,341.139 59, Flavonoid
31117255
31 6.20 Luteolin-7-O-rutinoside ~ C,;H,,0; -H 593.149 54 -2.787  285.009 58 Flavonoid
32 6.28 Astragalin C,H,0, -H 447.091 19 -4.685  284.979 00 Flavonoid
33 638 Cynaroside* C,H,0, -H 447.091 00 -2.657  285.03479 Flavonoid
34 6.44 Kaempferol CH,0, +H 287.054 35 -2.315  259.078 52,230.931 98, Flavonoid
153.859 50
35 6.58 Kaempferol-3-O--D- C,H,0, +H 449.106 11 -3.847  162.894 29,287.039 98 Flavonoid
glucoside
36 6.65 Isoacteoside C,H, 0 -H 623.197 20 -1.514  461.244 20, 315.152 65 Phenylpropanoid
37 6.80 Eriodictyol CH,,0, -H 287.054 78 -4.638  150.803 47, 134.83527 108.807 39, 106.844 30, Flavonoid
82.934 88, 64.732 49
38 6.92 Isoscoparin C,H,,0, -H 461.108 28 -1.420  371.088 81,341.148 93 Flavonoid
39 7.02 Chlorogenic acid* CH,0, -H 353.086 18 -4.603  191.084 17, 178.882 42, 190.984 24, 172.951 84, Phenylpropanoid
135.039 72 126.857 38, 110.913 15
40  7.11 Epipinoresinol-4'-O-f-D-  C,H,,0,, -H 519.185 49 -3.265  357.124 69, 338.999 88 Lignan
glucoside
41 7.16 Isovitexin C,H,0, -H 431.097 08 -2.992  341.10907,311.076 57 Flavonoid
42 7.34  Carvacrol C,H,0 +H 149.096 10 -7.300  148.980 58 Phenol
43 740 Diosmin C,H,,0,, -H 607.163 82 -4.485  299.001 90 Flavonoid
44 7.63 4-Hydroxyphenylacetic CH;0, -H 151.039 35 -4.750  108.920 41 Organic acid
acid
45  8.16 Chrysoeriol C,H,,0, +H 301.070 04 -2.075  301.156 56 Flavonoid
46 822 Diosmetin C,H,,0, +H 301.069 89 -2.573  301.11774 Flavonoid
47 1138 Forsythin* C,H,0, +Na 557.199 65 -3.748  395.307 01, 309.168 09, Lignan
184.855 62
48  11.49 Martynoside C,H,0, -H 651.226 32 -4.796 47523358 Iridoid
49 13.12 Luteolin C,H,0, -H 285.039 55 -3.197  266.982 57,257.131 77, Flavonoid
216.777 53, 198.997 44
50 13.46 Acacetin CH,0, +H 285.075 16 -2.070  270.046 72,285.130 77 Flavonoid
51 13.46 Linarin C,H,0, +H 593.184 51 -3.324  285.018 74 Flavonoid
52 13.64 Wogonin CH,0, -H 283.059 84 -4.793  268.014 53,239.158 97 Flavonoid
53 1375 Acacetin C,H,,0, -H 283.059 84 -4.797  267.95728 Flavonoid
54 14.85 Rhein CHO, -H 283.024 57 -0.852  239.175 90, 182.536 04 Anthraquinones
55 15.05 Tilianin C,H,0, +H 447.128 78 0.462  285.057 50 Flavonoid
56 17.84 Indirubin CHNO, +H 263.081 18 -1.232 Alkaloid
57 19.61 Linolenic acid CH,0, +H 279.231 63 -4.740  261.166 63,243.185 55, 243.13289, 173.070 57, Organic acid

94.845 15

134.859 38, 92.830 72
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Figure 2 Possible fragmentation pathway of cynaroside (A), chlorogenic acid (B) and citric acid (C) in negative mode
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Figure 3 MS’ (A) and MS® (B) spectra of chlorogenic acid in

negative mode
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Figure 4 Probability of compounds in Xiaoer Ganmao Oral Liquid
binding with bitter receptors. The compound (C) numbers are the

same as Table 3
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