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Supplementary method 

UPLC-Q/TOF-MS 

A Waters Acquity UPLC system connected to a Waters Xevo G2-XS QTOF 
mass spectrometer (Waters Co.,Milford, MA, USA) was used to perform 
chromatographic separations and mass spectrometry detections via 
electrospray ionization interface. An ACQUITY UPLC BEH C18 (100 mm × 2.1 
mm, 1.7 µm) column with BEH C18 guard column (2.1 mm × 5 mm, 1.7 µm) 
provided by Waters Corporation was used to perform chromatographic 
separation. The total flow rate of the mobile phase solution was 0.4 ml·min-1 
with eluent A (H2O with 0.1% formic acid) and eluent B (acetonitrile with 0.1% 
formic acid). The low collision energy and high collision energy of the MSE 
mode were 6 V and 20~40 V, respectively. During data acquisition, the data 
collected by continuum mode. Sodium formate was used to calibrate the mass 
spectrometer within the scope of 100 to 1200 Da to ensure the mass accuracy 
and reproducibility. Leucine enkephalin (100 ng·ml−1, m/z 554.2615 in ESI- 
mode and 556.2771 in ESI+ mode) was used as the external reference of Lock 
Spray™, which was injected at a continuous flow of 10 µL·min−1. The injected 
volume of samples was 5 µL for each run. The data were collected by a 
Masslynx™ V4.1 workstation (Waters, Manchester, UK). The temperatures of 
the autosampler and the column were set at 18 °C and 35 °C, respectively. 

For phytochemical analysis, the gradient of qualitative analysis was 
consisted of 10% B from 0 min to 2 min, 10%→90% B from 2 min to 26 min, 90% 
B from 26 min to 28 min, back to 10% B from 28 min to 28.1 min, and hold 10% 
B from 28.1min to 40 min. While the elution procedure program for quantitative 
analysis was as follows: 10% B from 0 min to 1 min; 10%→90% B from 1 min to 
12 min; 90% B from 12 min to 13 min; 90%→10% B in 13.1 min, and 10% B from 
13.1 min to 20 min. The weak wash solvent was 10% (v/v) acetonitrile and the 
strong wash solvent was 90% (v/v) acetonitrile. The optimized MS parameters 
of both positive mode (ESI+) and negative mode (ESI-) were  described as 
below: capillary voltage 2.2 kV or 2.5 kV; source temperature 150 °C; cone 
voltage 40 V; cone gas flow 50 L·h−1; desolvation temperature 400 °C; 
desolvation gas flow 800 L·h−1.  

For metabolomic study, the gradient of elution procedure consisted of 0% 
B (0~2 min); 10%→90% B (2~26 min); 90% B (26~28 min); 90%→10% B (28~28.1 
min); 10% B (28.1~40 min). The conditions for the MS system: capillary voltage 
in positive mode 2.5 kV and in negative mode of 2.3 kV, cone voltage 50 V, 
source temperature 180 °C, desolvation temperature 350 °C, desolventizing gas 
flow rate 700 L/h, cone gas flow rate 50 L/h, MSE mode, centroid, low energy 6 
V, high energy 20~40 V. QC sample was run randomly four times throughout 
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the whole worklist. Raw data recording was performed on the MassLynx V4.1 
workstation (Waters, Manchester, UK). 

Qualitative analysis 

Firstly, an independent database was created in addition to the Traditional 
Medicine Library within the UNIFI platform. Namely, the chemical 
compositions reported from Saussurea species were searched in online 
databases, including China National Knowledge Infrastructure (CNKI), Web 
of Science, ChemSpider, Medline and PubMed, and were gathered to form the 
database including names, chemical structures, and molecular formulas of the 
components being acquired. Secondly, the MS raw data compressed by Waters 
Compression and Archival Tool v1.10, were imported into UNIFI software 
(Waters, Manchester, UK) and were automatically analyzed by the workflow, 
the main parameters for workflow were as follows: minimum peak area was 
200; peak intensities of low and high energy were 200 and 1000 counts, 
respectively; the acceptable difference of retention time of reference substance 
was in the range of ±0.1 min. Both positive adducts (+H and +Na) and negative 
adducts (−H and +COOH) were selected in the analysis. The components 
matched the evaluation criteria were screened quickly and were listed. Thirdly, 
the results were refined with a filter (mass error of the molecular weight or the 
typical fragments in the range of ±5 ppm, response value >5000). Finally, 
following the above conditions, the compound was identified by comparing 
retention time and accurate molecular weight with reference substance or by 
comparing representative MS fragmentation patterns with the literatures. 

Metabolomics  

Preparation of test samples 

In order to make the serum sample free of protein, 150 µL of serum were 
mixed with 600 µL of pre-cooled methanol. Then, the mixture was kept 
standing for 10 min at room temperature. Supernatants collected by 
centrifugation (10,000 rpm, 10 min, 4°C) were lyophilized by vacuum freeze-
dryer after being snap-frozen in liquid nitrogen. The dried residue dissolved in 
100 µL of methanol/water (4:1) was filtrated with a syringe filter (0.22 µm) to 
acquire the test sample solution, which could be injected into the UPLC system 
directly. Additionally, quality control (QC) sample for the method validation 
was prepared by gathering the same volume (10 µL) from each test sample 
solution. 
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According to the above the preparation of the serum test solution, the 
colon test solution and QC sample were prepared by using 0.1 g of colon tissue 
homogenized in 80% methanol (1000 mL). 

Validation of LC-MS method 

Serum or colon QC sample and one serum or colon sample were used to 
verify the applied method. A total of 10 different mass ions (5 ions from ESI+ 
and from ESI- modes, respectively) were used to perform the validation test. 
And the relative standard deviations (RSDs) of peak intensity and retention 
time (RT, min) of these 10 ions were calculated. The investigation included: the 
stability of the system being monitored by using QC samples; the precision 
being evaluated by repeatedly measuring the QC samples for five consecutive 
times; the reproducibility of sample preparation being evaluated by testing five 
test solutions that prepared in parallel from the same serum or colon samples; 
the stability of the post-preparation sample was evaluated by detecting one 
serum sample or colon sample placed in autosampler for 0, 4, 8 and 12 h at 18 
°C.  

Analysis method 

MarkerLynx XS V4.1 (Waters, Milford, CT, USA) and Simca 15.0 software 
(Umetrics, Malmo, Sweden) were applied to perform the metabolomic analysis 
and to visualize the results of the study. 

The raw data collected from MarkerLynx were processed by using 
parameters consisting of mass tolerance 0.10, retention time window 0.10, 
minimum intensity 20%, marker intensity threshold 5000 counts, and noise 
elimination level 7. The m/z-RT pairs with intensities for all screened peaks 
were displayed in Extend Statistics XS viewer. Then, the results were input into 
Simca software to carry out principal component analysis (PCA), orthogonal 
projections to latent structures discriminant analysis (OPLS-DA) and 
permutation test. The differential metabolites were screened by the variable 
importance for the projection (VIP) in the OPLS-DA results. Metabolites with 
FC>2 or <0.5, VIP>1 and p<0.05 in volcano map were considered statistically as 
potential biomarkers. Furthermore, the predictive receiver operating 
characteristic [1] curves were used to validate the above results, and the area 
under curve [2] of the ROC curve should be greater than 0.8. HMDB 
(http://www.hmdb.ca/) was used to identify the metabolites based on the 
exactly molecular weights and fragmentation patterns. The mass tolerance 
should be within ±10 ppm. The MetaboAnalyst 4.0 database 
(http://www.metaboanalyst.ca/) was used to screen potential metabolisms with 
the impact-value threshold above 0.10. 
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Network pharmacology 

First, to acquire the compounds-related targets, the compounds 
characterized from SP by qualitative analysis were uploaded to some database, 
such as the ECTM database (http://www.nrc.ac. cn:9090/ETCM/), TargetNet 
database (http://targetnet. scbdd.com), SEA database (http://sea.bkslab.org), 
SwissTargetPrediction database (http://swisstargetprediction.ch/), Symmap 
database (https://www.bioinfo.org/ symmap), Batman-TCM database 
(http://bionet.ncpsb.org/batman-tcm/). 

Second, with the keywords of “ulcerative colitis”, disease-related targets 
were collected from the following databases: Genecards 
(https://www.genecards.org/), DisGeNET (https://www.disgenet.org/) and 
Malacard (https://www.malacards.org/). After merging all the targets and 
removing duplication, the core targets of compounds and diseases were 
derived by using the STRING database (https://cn.string-db.org/). 

Third, the networks of "compounds in SP-core targets" were constructed by 
classifying all core targets (enzymes, transporters, receptors, cytokines, 
proteins, and others). The network was finally generated by topological 
analysis with Cytoscape software (3.7.1) (http://www. cytoscape.org/) , and the 
active compounds were screened out by average degrees. All the core targets 
were considered as the potential therapeutic targets.  
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Table S1.  Compounds identified from SP by UPLC-Q/TOF-MS 

NO. 
tR 

(min) 
Formula 

Theoretical 
Mass (Da) 

Calculated 
Mass (Da) 

Mass 
error 

(ppm) 
MSE Fragmentation Identification Ref. 

1* 0.71 C7H12O6 192.0634 192.0643 4.69 191.0570[M–H]–, 173.0443[M–H–H2O]– Quinic acid S 

2* 0.79 C16H18O9 354.0951 354.0961 2.82 
353.0988[M–H]–, 191.0569[M–H–C9H6O3]–, 
179.0338[M–H–C7H10O5]–, 135.0451[M–H–
C8H10O7]– 

Chlorogenic acid S 

3* 0.82 C6H12O6 180.0634 180.0637 1.67 
179.0564[M–H]–, 131.0358[M–H–H2O–
CH2O]–, 103.0404[M–H–H2O–C2H5O2]– 

D-Galactose [3] 

4* 0.83 C30H38O15 638.2211 638.2232 3.29 
683.2214[M–H]–, 489.1377[M–H–Fuc]–, 
458.1828[M–H–C9H7O4]–, 161.0201[M–H–
Glu–Fuc–C8H11O2]– 

Sucrose [4,5] 

5* 0.83 C12H22O11 342.1162 342.1179 4.97 
341.1106[M–H]–, 179.0571[M–H–Glu]–, 
161.0465[M–H–OFru]– 

Cistanoside C [4] 

6* 0.94 C10H17NO3 199.1208 199.1213 2.51 

200.1286[M+H]+, 168.1017[M+H–CH3O]+, 
126.0930[M+H–C2H4–H2O–CH3O]+, 
122.0978[M+H–H2O–C2H3O2]+, 
94.0687[M+H–C2H4–H2O–C2H3O2]+ 

Tussilagine [1] 

7* 0.96 C14H18O9 330.0951 330.0961 3.03 329.0889[M–H]–, 167.0356[M–H–Glu]– Mudanoside A [6] 

8* 0.98 C13H16O10 332.0743 332.0754 3.31 
331.0681[M–H]–, 168.0068[M–H–Glu]–, 
124.0173[M–H–Glu–CO2]– 

Glucogallin [7] 

9* 1.01 C7H6O4 154.0266 154.0264 –1.30 
153.0192[M–H]–, 109.0281[M–H–
HCOOH]– 

Protocatechuic acid S 

10* 1.03 C11H12O6 240.0634 240.0643 3.75 
285.0625[M+HCOO]–, 239.0564[M–H]–,  
149.0597[M–H–2HCOOH]–,  108.0518[M–
H–C4H2O5]– 

Eucomic acid [8] 

11* 1.08 C15H21NO7 327.1318 327.1323 1.53 
328.1395[M+H]+, 310.1288[M+H–H2O]+, 
292.1183[M+H–2H2O]+, 264.1229[M+H–
H2O–HCOO]+, 166.0867[M+H–C6H10O5]+ 

Fructose-
phenylalanine 

[9] 

12* 1.13 C14H20O9 332.1107 332.1121 4.22 

331.1049[M–H]–, 168.0431[M–H–Glu]–, 
154.0237[M–H–Glu–CH3]–, 139.0028[M–
H–Glu–2CH3]–, 137.0246[M–H–Glu–
CH3O]– 

Leonuriside A [10] 

13* 1.16 C16H18O9 354.0951 354.0964 3.75 
353.0887[M–H]–, 191.0568[M–H–C9H6O3]–, 
135.0456[M–H–C8H10O7]– 

Neochlorogenic acid S 

14* 1.20 C15H18O9 342.0951 342.0965 4.09 
341.0892[M–H]–, 179.0342[M–H–Glu]–, 
135.0446[M–H–Glu–CO2]– 

Phoeniceoside [11] 

15* 1.24 C15H18O8 326.1002 326.1011 2.76 
325.0938[M–H]–, 163.0413[M–H–Glu]–, 
119.0513[M–H–Glu–HCOOH]– 

Melilotoside [12] 

16* 1.30 C18H18O5 314.1154 314.1162 3.18 
315.1235[M+H]+, 193.0875[M+H–C7H6O2]+, 
147.0451[M+H–CH3O–C8H9O2]+, 
137.0622[M+H–C10H10O3]+ 

p-Hydroxyphenethyl 
ferulate 

CFM-ID 

17* 1.31 C7H6O4 154.0266 154.0270 2.60 
153.0197[M–H]–, 109.0293[M–H–
HCOOH]– 

3,4-
Dihydroxybenzoic 

acid 
[13] 

18* 1.45 C9H7NO 145.0528 145.0523 –3.45 146.0595[M+H]+, 118.0655[M+H–CHO]+ Indole-3-aldehyde [14] 

19* 1.47 C27H28N2O4 444.2049 444.2035 –3.16 
443.1962[M–H]–, 252.1025[M–H–
C11H13O2N]– 

Cryptochlorogenic 
acid 

S 

20* 1.47 C16H18O9 354.0951 354.0962 3.11 
353.0889[M–H]–, 307.0824[M–H–
HCOOH]–, 191.0566[M–H–C9H6O3]–, 
146.0587[M–H–C9H6O3–HCOOH]– 

Aurantiamide 
acetate 

[15] 

21* 1.67 C10H12O4 196.0736 196.0742 3.06 
241.0724[M+HCOO]–, 195.0661[M–H]–, 
179.0721[M–H–H2O]–, 165.0563[M–H–
CH3O]– 

Acetosyringone [16] 

22* 1.76 C18H26O9 386.1577 386.1590 3.37 
431.1572[M+HCOO]–,  385.1503[M–H]–, 
223.0995[M–H–Glu]–, 135.0467[M–H–
OGlu–C4H7O]– 

Methylsyringin [17] 

23 1.78 C19H27NO6 365.1838 365.1844 1.62 
366.1917[M+H]+, 330.1704[M+H–2H2O]+, 
262.1437[M+H–H2O–C4H7O2]+ 

Pulchellamine B [18] 
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24* 1.82 C14H18O7 298.1053  298.1067  4.70 
343.1039[M+HCOO]–, 164.0695[M–H–
C8H7O2]–, 133.0303[M–H–Glu]–, 
121.0300[M–H–Glu–CH3]– 

Ameliaroside [19] 

25* 1.88 C20H27NO6 377.1838 377.1846 2.12 

378.1919[M+H]+, 360.1802[M+H–H2O]+, 
332.1862[M+H–HCOOH]+, 
314.1749[M+H–HCOOH–H2O]+, 
227.1060[M+H–2H2O–C5H9NO2]+ 

Calophyllamine A [20] 

26 1.97 C17H24O9 372.1420 372.1433 3.49 
417.1445[M+HCOO]–, 371.1351[M–H]–, 
209.0821[M–H–Glu]–, 194.0586[M–H–
CH3–Glu]–, 151.0409[M–H–Glu–C3H5O]– 

Syringin [7] 

27* 2.08 C20H20O8 388.1158  388.1156  –0.51 
411.1048 [M+Na]+, 389.1232[M+H]+, 
371.1133[M+H–H2O]+, 167.0720[M+H–
C11H10O5]+ 

6α-Catechyl-2α-
guaicyl-3,7-

dioxabicyclo[3.3.0]oc
tan-4-one 

[21] 

28* 2.26 C7H6O3 138.0317 138.0323 4.35 137.0251[M–H]–, 109.0302[M–H–CHO]– 
Protocatechuic 

aldehyde 
S 

29* 2.36 C15H20O8 328.1158  328.1168  3.05 
327.1095[M–H]–, 165.0562[M–H–Glu]–, 
147.0453[M–H–H2O–Glu]– 

Paeonoside [22] 

30* 2.48 C17H24O10 388.1369  388.1387  4.61 
387.1305[M–H]–, 371.0989[M–H–CH3]–, 
207.0664[M–H–OGlu]–, 192.0432[M–H–
Glu–CH3O]– 

Geniposide [23] 

31* 2.57 C16H18O8 338.1002  338.1010  2.37 
337.0931[M–H]–, 191.0562[M–H–C9H7O2]–, 
163.0402[M–H–C7H11O5]– 

3-p-
Coumaroylquinic 

acid 
[24] 

32* 2.61 C8H8O4 168.0423 168.0426 1.79 
167.0373[M–H]–, 123.0355[M–H–
HCOOH]–, 108.0216[M–H–HCOOH–
CH3]–, 93.0343[M–H–HCOOH–CH3O]– 

Vanillic acid [25] 

33* 2.77 C9H10O5 198.0528 198.0551 1.51 
197.0449[M–H]–, 179.0345[M–H–H2O]–, 
135.0444[M–H–H2O–HCOOH]– 

Syringic acid [26] 

34* 2.80 C17H26O7 342.1679 342.1692 3.80 
387.1664[M+HCOO]–, 341.1608[M–H]–, 
163.1127[M–H–OGlu]– 

Jasmolone glucoside CFM-ID 

35* 2.81 C9H8O4 180.0423 180.0422 –0.56 
179.0340[M–H]–, 135.0438[M–H–
HCOOH]– 

Caffeic acid S 

36* 2.82 C20H27NO6 377.1838 377.1831 –1.92 

378.1904[M+H]+,  
332.1854[M+H–HCOOH]+, 
257.1408[M+H–2H2O–CH2–C3H3O2]+, 
235.0971[M+H–C3H3O2–C4H8N]+, 
206.0939[M+H–C3H3O2–C5H8NO]+ 

Lanicepomine A [18] 

37* 2.98 C13H18O6 270.1103 270.1111 2.96 
315.1113[M+HCOO]–, 269.1029[M–H]–, 
161.0455[M–H–C7H8O]– 

Benzyl β-D-
glucoside 

[27] 

38* 3.06 C15H16O6 292.0947  292.0958  3.77 
337.0930[M+HCOO]–, 291.0873[M–H]–, 
163.0414[M–H–H2O–C2HO–C4H5O]– 

Cnidimol D [28] 

39* 3.50 C11H14O5 226.0841 226.0844 1.34 
225.0770[M–H]–, 195.0663[M–H–CH3O]–, 
180.0427[M–H–C2H5O]–, 149.0240[M–H–
CH3O–C2H5O]– 

3-Hydroxy-1-(4-
hydroxy-3,5-

dimethoxyphenyl)pr
opan-1-one 

[29] 

40* 3.52 C26H34O12 538.2050 538.2058 1.49 

583.2031[M+HCOO]–, 537.1982[M–H]–, 
375.1454[M–H–Glu]–, 357.1342[M–H–
Glu–H2O]–, 151.0407[M–H–Glu–
C12H16O4]– 

Medusaside A [30] 

41* 3.58 C17H20O9 368.1107 368.1110 0.81 
367.1037[M–H]–, 191.0564[M–H–CH3–
C9H5O3]–, 161.0241[M–H–C8H14O6]–, 
135.0450[M–H–C9H12O7]– 

Methyl 3-
caffeoylquinate 

[31] 

42* 3.70 C19H32O8 388.2097 388.2116 4.89 
433.2099[M+HCOO]–, 387.2030[M–H]–, 
225.1501[M–H–Glu]–, 153.0920[M–H–
C4H7O–Glu]– 

Icariside B8 CFM-ID 

43* 3.72 C26H34O12 538.2050 538.2068 3.34 
583.2039[M+HCOO]–, 537.1980[M–H]–, 
375.1451[M–H–Glu]–, 153.0927[M–H–
C17H20O10]– 

Medusaside B [30] 

44* 3.73 C19H30O8 386.1941 386.1949 2.07 
431.1961 [M+HCOO]–, 385.1970[M–H]–, 
223.1344[M–H–Glu]–, 205.1231[M–H–
Glu–H2O]– 

Saussureoside B [32] 
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45 4.21  C20H29NO6 379.1995  379.2002  1.85  
380.2075[M+H]+, 334.2013[M+H–
HCOOH]+, 316.1910[M+H–HCOOH–
H2O]+, 215.1075[M+H–2H2O–C6H11NO2]+ 

Pulchellamine E [18] 

46* 4.29 C9H10O3 166.0630 166.0635 3.01 165.0562[M–H]–, 147.0452[M–H–H2O]– Phloretic acid [33] 

47* 4.37 C26H34O12 538.2050 538.2069 3.53 

537.1986[M–H]–, 375.1451[M–H–Glu]–, 
327.1240[M–H–Glu–H2O–CH3O]–, 
297.1136[M–H–Glu–H2O-2CH3O]–, 
225.1250[M–H–Glu–C8H7O3]– 

Lanicepside A [34] 

48* 4.44 C8H8O2 136.0524 136.0527 2.21 135.0455[M–H]–, 120.0213[M–H–CH3]–, 
92.0267[M–H–C2H3O]– 

Curculigoside C [35] 

49* 4.44 C22H26O12 482.1424 482.1439 3.11 
481.1346[M–H]–, 
197.0455[M–H–Glu– C7H5O2]–, 
121.0295[M–H–Glu–C9H9O5]– 

p-
Hydroxyacetopheno

ne 
[36] 

50* 4.49 C21H34O9 430.2203 430.2220 3.95 429.2127[M–H]–,401.1817[M–H–C2H4]–, 
267.1603[M–H–Glu]– 

4α(15),11β(13)-
Tetrahydroridentin 

B-1 -glucoside 
[37] 

51* 4.56 C26H34O12 538.2050 538.2067 3.16 
537.2064[M–H]–, 327.1240[M–H–Glu–
H2O–CH3O]–, 195.0664[M–H–Glu–
C10H11O3]–, 161.0464[M–H–C20H24O7]– 

Citrusin A [38] 

52* 4.64 C26H34O12 538.2050 538.2070 3.72 

583.2048[M+HCOO]–, 537.1982[M–H]–, 
375.1442[M–H–Glu]–, 327.1245[M–H–
Glu–H2O–CH3O]–, 179.0561[M–H–
C20H22O6]– 

Lanicepside B [34] 

53* 4.66 C32H42O16 682.2473 682.2499 3.81 
727.2481[M+HCOO]–, 681.2411[M–H]–, 
519.1877[M–H–Glu]–, 339.1242[M–H–
2Glu–H2O]– 

Pinoresinol 
diglucoside 

S 

54* 4.73 C27H36O13 568.2156 568.2166 1.76 

613.2188[M+HCOO]–, 567.2092[M–H]–, 
521.2040[M–H–H2O–CH3O]–, 
405.1565[M–H–Glu]–, 195.0662[M–H–
Glu–C11H13O4]– 

Citrusin B CFM-ID 

55* 5.01 C26H36O11 524.2258 524.2240 –3.43 

523.2167[M–H]–, 507.1880[M–H–CH3]–, 
361.1690[M–H–Glu]–, 346.1771[M–H–
Glu–CH3]–, 315.1331[M–H–Glu–CH3–
CH3O]– 

(-)-
Secoisolariciresinol-
4-O-β-D-glucoside 

[39] 

56* 5.01 C17H20O9 368.1107 368.1116 2.44 
367.1033[M–H]–, 179.0346[M–H–
C8H12O5]–, 161.0247[M–H–C8H14O6]–, 
135.0472[M–H–C9H12O7]– 

Methyl 4-
caffeoylquinate 

[40] 

57* 5.08 C19H24O8 380.1471 380.1484 3.42 425.1466[M+HCOO]–, 379.1404[M–H]–, 
343.1188[M–H–2H2O]– 

15-Hydroxyjanerin CFM-ID 

58 5.11  C21H31NO6 393.2151  393.2163  3.05  

416.2095[M+Na]+, 394.2241[M+H]+, 
378.1929[M+H–CH3]+, 342.1711[M+H–
CH3–2H2O]+, 262.1448[M+H–C6H12O2–
H2O]+, 228.1161[M+H–C6H12NO2–2H2O]+ 

Pulchellamine G [18] 

59* 5.21 C28H38O13 582.2312 582.2303 –1.55 
581.2230[M–H]–, 419.1720[M–H–Glu]–, 
389.1603[M–H–Glu–CH3O]–, 373.1298[M–
H–Glu–CH3–CH3O]– 

Lyoniresinol-3α-
glucoside  

[41] 

60* 5.28 C21H18O12 462.0798 462.0806 1.73 
461.0734[M–H]–, 285.0404[M–H–Gluac]–, 
151.0049[M–H–Gluac–C8H6O2]–, 
132.0210[M–H–Gluac–C7H4O4]– 

Luteolin 7-
glucuronide 

S 

61 5.32 C27H30O16 610.1534 610.1530 –0.66 609.1457[M–H]–, 461.0731[M–H–Rha]–, 
300.0281[M–H–Glu–Rha]– 

Rutin S 

62* 5.57 C21H20O12 464.0955 464.0978 4.96 
463.0906[M–H]–, 300.0280[M–H–Glu]–, 
151.0041[M–H–Glu–C8H5O3]–, 
150.0328[M–H–Glu–C7H4O4]– 

Isoquercitroside  S 

63* 5.62 C19H22O5 330.1467 330.1475 2.42 

375.1447[M+HCOO]–, 329.1395[M–H]–, 
297.1131[M–H–CH3–H2O]–, 282.0899[M–
H–CH3–CH2–H2O]–, 226.0641[M–H–H2O–
CH2–C4H7O]– 

Aguerin B [42] 

64* 5.66 C27H34O12 550.2050 550.2069 3.45 
595.2042[M+HCOO]–, 549.1984[M–H]–, 
519.1876[M–H–CH3O]–, 387.1454[M–H–
Glu]– 

Saussurenoside [43] 
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65* 5.72 C15H10O7 302.0427 302.0435 2.65 
303.0508[M+H]+, 178.0272[M+H– 
C6H5O3]+, 153.0195[M+H–C8H5O3]+, 
108.0216[M+H–H2O–C9H5O4]+ 

Isoetin [44] 

66* 5.76 C25H24O12 516.1268 516.1287 3.68 
515.1204[M–H]–, 353.0885[M–H–C9H6O3]–, 
335.0776[M–H–C9H9O4]–, 191.0570[M–H–
2C9H6O3]–, 179.0353[M–H–C16H16O8]– 

1,4-Dicaffeoylquinic 
acid 

S 

67* 5.96 C27H30O15 594.1585 594.1598 2.19 593.1515[M–H]–, 285.0407[M–H–Rut]– 
Luteolin-7-
rutinoside 

[45] 

68* 6.03 C25H24O12 516.1268 516.1271 0.58 
515.1198[M–H]–, 353.0878[M–H–C9H6O3]–, 
191.0561[M–H–2C9H6O3]–, 179.0352[M–
H–C16H16O8]– 

1,5-Dicaffeoylquinic 
acid 

S 

69* 6.06 C28H32O16 624.1690 624.1720 4.81 623.1647[M–H]–, 351.0735[M–H–ORha–
C6H4O2]–, 315.0530[M–H–Rut]– 

Narcisin S 

70* 6.15 C27H30O14 578.1636 578.1653 2.94 577.1580[M–H]–, 269.0474[M–H–Neo]– Rhoifolin [46] 

71* 6.18 C21H18O11 446.0849 446.0868 4.26 
445.0791[M–H]–, 284.0322[M–H–Glu]–, 
269.0464[M–H– OGlu]– 

Rhein-8-glucoside [47] 

72 6.29 C22H26O8 418.1628 418.1639 2.63 
417.1567[M–H]–, 402.1271[M–H–CH3]–, 
387.1080[M–H–2CH3]–, 181.0521[M–H–
C13H11O4]– 

Syringaresinol S 

73 6.29 C21H20O11 448.1006 448.1021 3.35 
447.0938[M–H]–, 301.0375[M–H–Rha]–, 
283.0255[M–H–Rha–H2O]–, 151.0043[M–
H–Rha–C8H5O3]– 

Quercitrin S 

74 6.31 C26H32O12 536.1894 536.1901 1.31 
535.1823[M–H]–, 501.1768[M–H–2H2O]–, 
355.1188[M–H–Glu–H2O]–, 151.0405[M–
H–Glu–C12H13O4]– 

1-
Hydroxypinoresinol-

1 -glucoside 
[48] 

75* 6.36 C21H20O10 432.1056 432.1075 4.40 
477.1057[M+HCOO]–, 431.0993[M–H]–, 
285.0405[M–H–Rha]–, 161.0464[M–H–
C15H10O5]– 

Afzelin [49] 

76* 6.45 C25H24O12 516.1268 516.1292 4.65 
515.1219[M–H]–, 353.0891[M–H–C9H6O3]–, 
191.0579[M–H–2C9H6O3]–, 179.0359[M–
H–C16H16O8]– 

4,5-Dicaffeoylquinic 
acid 

S 

77* 6.47 C21H20O10 432.1056 432.1071 3.47 431.0988[M–H]–, 269.0461[M–H–Glu]– Cosmosiin [49] 

78* 6.57 C26H32O11 520.1945 520.1931 –2.71 
565.1913[M+HCOO]–, 519.1851[M–H]–, 
357.1323[M–H–Glu]–, 151.0387[M–H–
Glu–C12H13O3]– 

Pinoresinol 4- 
glucoside 

S 

79* 6.63 C9H16O4 188.1049 188.1050 0.53 
187.0977[M–H]–, 143.1081[M–H–
HCOOH]–, 125.0968[M–H–H2O–
HCOOH]– 

Azelaic acid [50] 

80* 6.67 C22H22O11 462.1162 462.1151 –2.38 
461.1078[M–H]–, 446.0853[M–H–CH3]–, 
298.0472[M–H–Glu]–, 283.0244[M–H–
Glu–CH3]– 

Thermopsoside [51] 

81* 6.82 C34H30O15 678.1585 678.1606 3.10 
677.1513[M–H]–, 515.1194[M–H–C9H6O3]–, 
497.1098[M–H–C9H8O4]–, 353.0881[M–H–
2C9H6O3]–, 179.0346[M–H–C25H22O11]– 

1,3,5-
Tricaffeoylquinic 

acid 
[52] 

82* 6.89 C20H26O8 394.1628  394.1641  3.30 

417.1533[M+Na]+, 395.1713[M+H]+, 
359.1508[M+H–2H2O]+, 350.1378[M+H–
C2H5O]+, 327.1243[M+H–2H2O–CH3O]+, 
229.0776[M+H–C2H5O–H2O–C4H7O3]+ 

Methoxyjanerin [53] 

83* 6.93 C20H26O6 362.1729 362.1737 2.21 

361.1664[M–H]–, 346.1428[M–H–CH3]–, 
327.1231[M–H–H2O–CH3]–, 315.1247[M–
H–CH3–CH3O]–, 165.0563[M–H–
C10H13O3–CH3]– 

Secoisolariciresinol S 

84* 7.00  C21H22O7 386.1366  386.1361  –1.29  
387.1434[M+H]+, 163.0400[M+H–
C10H10O4–2CH3]+, 135.0453[M+H–
C13H16O5]+ 

Conicaol B [54] 

85* 7.06 C26H32O11 520.1945 520.1959 2.69 
519.1876[M–H]–, 357.1345[M–H–Glu]–, 
342.1116[M–H–Glu–CH3]–, 121.0305[M–
H–Glu–C13H15O4]– 

Matairesinoside S 

86* 7.09 C20H28O7 380.1835 380.1852 4.47 
425.1827[M+HCOO]–, 379.1772[M–H]–,  
221.0840[M–H–C8H14O3]–,  209.0834[M–
H–C9H14O3]– 

Elemacarmanin CFM-ID 
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87* 7.10 C18H22O6 334.1416  334.1421  1.50  
357.1353[M+Na]+, 335.1502[M+H]+, 
317.1404[M+H–H2O]+, 137.0614[M+H–
H2O–C8H9O–C2H3O2]+ 

7α-Hydroxygerin [55] 

88* 7.14 C20H22O4 326.1518 326.1524 1.84 
327.1597[M+H]+, 203.1089[M+H–C7H8O2]+, 
189.0924[M+H–C7H7O2–CH3]+, 
137.0614[M+H–C12H14O2]+ 

Dehydrodiisoeugeno
l 

[56] 

89* 7.28 C22H24O8 416.1471  416.1469  –0.48  
417.1542[M+H]+, 399.1435[M+H–H2O]+, 
358.1362[M+H–C2H2O2]+, 137.0613[M+H–
H2O–C14H14O5]+ 

Acetoxypinoresinol CFM-ID 

90* 7.35 C30H34O10 554.2152 554.2171 3.43 
553.2089[M–H]–, 535.1990[M–H–H2O]–, 
357.1352[M–H–H2O–C10H10O3]–, 
181.0877[M–H–C20H20O7]– 

Lappaol E [57] 

91* 7.49 C18H18O3 282.1256 282.1267 3.90 
327.1249[M+HCOO]–,  239.0726[M–H–
C3H6]–, 197.0626[M–H–C3H5–C2H3–H2O]–, 
163.0405[M–H–C9H10]– 

Obovatol [58] 

92* 7.50 C20H20O5 340.1311 340.1321 2.94 
339.1248[M–H]–, 324.1008[M–H–CH3]–, 
293.0825[M–H–CH3–CH3O]–, 265.0519[M–
H–H2O–C4H8]– 

Licocoumarone [59] 

93* 7.51 C20H22O6 358.1416 358.1425 2.51 
357.1342[M–H]–, 342.1117[M–H–CH3]–, 
151.0405[M–H–C12H16O3]–, 136.0538[M–
H–C12H11O3–H2O]– 

Pinoresinol S 

94* 7.68 C30H34O10 554.2152 554.2168 2.89 
553.2095[M–H]–,535.1954[M–H–H2O]–, 
517.1888[M–H–2H2O]– 

Lappaol C [60] 

95* 7.72 C17H20O4 288.1362  288.1376  4.86  
311.1268[M+Na]+, 289.1457[M+H]+, 
230.1312[M+H–C2H3O2]+, 202.1370[M+H–
C2H3O2–CO]+ 

8α-
Acetoxydehydrocost

uslactone 
[61] 

96* 8.00 C27H34O11 534.2101 534.2118 3.18 

579.2090[M+HCOO]–, 533.2035[M–H]–, 
371.1512[M–H–Glu]–, 356.1280[M–H–
Glu–CH3]–, 136.0535[M–H–Glu–
C13H14O4]–, 121.0306[M–H–Glu–CH3–
C13H14O4]– 

Arctiin S 

97* 8.18 C15H10O6 286.0477 286.0488 3.85 
285.0415[M–H]–, 151.0044[M–H–C8H6O2]–, 
133.0308[M–H–C7H4O4]–, 107.0144[M–H–
C9H6O4]– 

Luteolin S 

98* 8.23 C8H8O2 136.0524 136.0521 –2.21 137.0613[M+H]+, 122.0364[M+H–CH3]+, 
94.0407[M+H–C2H3O]+ 

Phenyl acetate [62] 

99* 8.24 C34H30O15 678.1585 678.1614 4.28 

677.1521[M–H]–, 515.1210[M–H–C9H6O3]–, 
353.0895[M–H–2C9H6O3]–, 335.0788[M–
H–C9H7O3–C9H7O4]–, 179.0352[M–H–
C25H22O11]– 

3,4,5–
Tricaffeoylquinic 

acid 
[63] 

100* 8.26 C21H24O6 372.1573  372.1583  2.69  
373.1656[M+H]+, 355.1549[M+H–H2O]+, 
137.0617[M+H–C13H16O4]+, 
122.0386[M+H–C14H19O4]+ 

Phillygenin S 

101* 8.46 C30H36O9 540.2359 540.2381 4.07 

585.2352[M+HCOO]–, 539.2308[M–H]–, 
521.2194[M–H–H2O]–, 509.2192[M–H–
CH3O]–, 371.1505[M–H–CH3O–C8H9O2]–, 
297.1145[M–H–H2O–C12H16O4]– 

Sesquipinsapol B [64] 

102* 8.54 C16H12O7 316.0583  316.0596  4.11 
317.0668[M+H]+, 302.0429 [M+H–CH3]+, 
168.0062[M+H–CH3–C8H6O2]+,  
140.0506[M+H–C9H5O4]+ 

Eupafolin S 

103* 9.04 C15H24O2 236.1776  236.1786  4.23  
237.1858[M+H]+, 219.1771[M+H–H2O]+, 
108.0945[M+H–C7H13O2]+, 92.0631[M+H–
C3H7O–H2O–C5H8]+ 

Eudesma-
4(14),11(13)-diene-

3β,12-diol 
[65] 

104* 9.08 C31H36O10 568.2308 568.2328 3.52 
567.2256[M–H]–, 535.1982[M–H–CH3O]–, 
517.1888[M–H–H2O–CH3O]–, 
191.0714[M–H–C20H24O7]– 

Lappaol D [60] 

105* 9.28 C34H37N3O6 583.2682 583.2684 0.34 

584.2757[M+H]+, 438.2385[M+H–C9H6O2]+, 
292.2026[M+H–2C9H6O2]+, 
275.1765[M+H–C9H6O2–C9H9NO2]+, 
147.0453[M+H–C25H31N3O4]+ 

N1,N5,N10-Tri-p-
coumaroylspermidin

e 
[66] 
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106* 9.33 C15H10O5 270.0528 270.0539 4.07 
269.0456[M–H]–, 151.0039[M–H–C8H6O]–, 
117.0356[M–H–C7H8O4]–, 107.0145[M–H–
C9H6O3]– 

Apigenin S 

107 9.38 C26H30N2O6 466.2104 466.2087 –3.65 

489.1989[M+Na]+, 467.2160[M+H]+, 
321.1205[M+H–CH3–C9H9N]+, 
303.1119[M+H–H2O–CH3–C9H9N]+, 
265.1430[M+H–C11H10N2O2]+, 
202.0747[M+H–C15H21O4]+ 

Pulchellamine F  [18] 

108* 9.47 C20H22O6 358.1416 358.1431 4.19 

357.1348[M–H]–, 342.1113[M–H–CH3]–, 
179.0718[M–H–C10H10O3]–, 165.0563[M–
H–C10H9O3–CH3]–, 122.0370[M–H–
C13H15O4]– 

Matairesinol S 

109* 9.61 C16H12O6 300.0634 300.0640 2.00 
299.0568[M–H]–, 284.0330[M–H–CH3]–, 
256.0384[M–H–C2H3O]–, 161.0246[M–H–
C7H6O3]– 

Hispidulin S 

110* 9.71 C18H22O5 318.1467  318.1476  2.83  
341.1378[M+Na]+, 319.1556[M+H]+, 
287.1297[M+H–CH3O]+, 189.0917[M+H–
C2H4O–C4H6O2]+ 

Gerin [55] 

111* 9.81 C18H32O5 328.2250 328.2260 3.05 
327.2228[M–H]–, 291.1969[M–H–2H2O]–, 
229.1455[M–H–C6H10O]–, 183.1392[M–H–
H2O–C7H10O2]–, 171.1040[M–H–C9H16O2]– 

Malyngic acid CFM-ID 

112 10.05  C16H28O2 252.2089  252.2099  3.96 
275.2001[M+Na]+, 253.2178[M+H]+, 
219.1756[M+H–H2O–CH3]+, 
149.0969[M+H–CH3–C5H11O]+ 

7δ-Methoxy-4(14)-
oppositen-1β-ol 

[67] 

113* 10.61 C15H22O2 234.1620 234.1623 1.28 
235.1705[M+H]+, 177.1273[M+H–H2O–
C3H4]+, 163.1480[M+H–C3H2O2]+, 
121.0663[M+H–H2O–C7H12]+ 

Germacra-
1(10),4,11(13)-trien-

12-oic acid 
[68] 

114* 10.65 C18H34O5 330.2406 330.2417 3.33 
329.2335[M–H]–, 229.1447[M–H–C6H12O]–, 
211.1343[M–H–C6H12O–H2O]–, 
99.0814[M–H–C12H22O4]– 

9,12,13-TriHOME CFM-ID 

115* 10.69 C30H32O9 536.2046 536.2063 3.17 535.2021[M–H]–, 505.1877[M–H–CH3O]–, 
490.1633[M–H–CH3–CH3O]– 

Lappaol A [69] 

116* 10.96 C21H24O6 372.1573 372.1587 3.76 

371.1501[M–H]–, 356.1264[M–H–CH3]–, 
136.0528[M–H–C13H15O4]–, 121.0094[M–
H–C13H15O4–CH3]–, 83.0144[M–H–
C9H11O2–C8H9O2]– 

Arctigenin S 

117* 11.14 C21H22O6 370.1416 370.1421 1.35 

371.1493[M+H]+, 219.0652[M+H–
C9H12O2]+, 151.0766[M+H–C12H12O4]+, 
137.0606[M+H–C13H14O4]+, 
107.0500[M+H–C13H14O4–CH3O]+ 

(+)-7,8-
Didehydroarctigenin 

[70] 

118* 12.10 C15H20O2 232.1463 232.1472 3.88 
233.1545[M+H]+, 203.1084[M+H–2CH3]+, 
189.1630[M+H–CO2]+, 149.1335[M+H–
C4H4O2]+ 

Costunolide [68] 

119* 12.94 C15H22O2 234.1620 234.1625 2.14 
235.1699[M+H]+, 161.1320[M+H–C3H6O2]+, 
133.1022[M+H–C5H10O2]+, 121.1026[M+H–
C6H10O2]+, 81.0712[M+H–C9H14O2]+ 

Costic acid [71] 

120* 14.58 C42H46O12 742.2989 742.2978 –1.48 

765.2856[M+Na]+, 743.3051[M+H]+, 
725.2928[M+H–H2O]+, 707.2841[M+H–
2H2O]+, 151.0763[M+H–C33H36O10]+, 
137.0601[M+H–C13H15O4–C21H23O6]+ 

Diarctigenin [72] 

121* 15.17 
C42H46O1

2 
742.2989 742.2991 0.27 

765.2867[M+Na]+, 743.3063[M+H]+, 
725.2951[M+H–H2O]+, 707.2834[M+H–
2H2O]+, 151.0465[M+H–C33H36O10]+, 
137.0612[M+H–C34H38O10]+ 

Conicaol A [72] 

122* 15.41 C28H50O2 418.3811 418.3830 4.54 

441.3725[M+Na]+, 419.3898[M+H]+, 
259.2380[M+H–H2O–C9H18O]+, 
151.1500[M+H–H2O–C17H30O]+, 
95.0880[M+H–H2O–C21H38O]+ 

Ergostane-3,24-diol CFM-ID 

123* 16.06 C15H18O2 230.1307 230.1315 3.48 
231.1388[M+H]+, 203.1441[M+H–CO]+, 
121.1028[M+H–C6H6O2]+, 105.0718[M+H–
C7H10O2]+ 

Dehydrocostus 
lactone 

S 
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124* 16.35 
C26H48NO7

P 
517.3168  517.3181  2.51 

518.3254[M+H]+, 184.0744[M+H– 
C21H34O3]+, 104.1100[M+H–C21H35O6P]+, 
86.0986[M+H– C21H37O7P]+ 

LPC (18:3) CFM-ID 

125* 16.40 C15H22O 218.1671 218.1680 4.13 219.1757[M+H]+, 203.1444[M+H–CH3]+, 
162.1419[M+H–C3H5O]+ 

Germacra-
1(10),4,11(13)-trien-

12-al 
[73] 

126* 16.68 C18H36O4 316.2614  316.2628 4.43 
315.2545[M–H]–, 297.2453[M–H–H2O]–, 
171.1031[M–H–C9H18–H2O]–, 141.1291[M–
H–C9H16O2–H2O]– 

9,10-
Dihydroxystearic 

acid 
CFM-ID 

127* 16.72 C16H30O3 270.2195  270.222  2.59  
293.2116[M+Na]+, 269.2124[M+H]+, 
165.1651[M+H–C4H8O3]+, 121.1025[M+H–
C7H16O3]+, 95.0869[M+H–C9H18O3]+ 

(6Z)-2-Hydroxy-6-
hexadecenoic acid  

CFM-ID 

128* 16.78 C18H30O3 294.2195 294.2207 4.08 
293.2134[M–H]–, 275.2035[M −H−H2O]−,  
249.2230 [M−H−HCOOH]−, 
195.1401[M− H–C6H10O]− 

13-oxo-9,11-
Octadecadienoic 

acid 
CFM-ID 

129* 17.64 
C26H50NO7

P 
519.3325  519.3336  2.12 

520.3408[M+H]+, 184.0744[M+H– 
C21H36O3]+, 104.1101[M+H–C21H37O6P]+, 
86.1006[M+H– C21H39O7P]+ 

LPC (18:2) CFM-ID 

130* 17.92 C18H32O3 296.2351 296.2361 3.38 295.2288[M–H]–, 277.2180[M–H2O]–, 
250.2309[M–HCOOH]– 

Coronaric acid CFM-ID 

131* 18.46 C18H30O3 294.2195 294.2203 2.72 
293.2131[M–H]–, 275.2042[M−H−H2O]−, 
249.2230[M−H −HCOOH]−, 
113.0973[M−H–C11H16O2]− 

9-Oxo-10,12-
Octadecadienoic 

acid 
S 

132* 18.65 
C24H50NO7

P 495.3325  495.3337  2.42  
496.3409[M+H]+, 184.0742[M+H– 
C19H36O3]+, 104.1100[M+H– C19H37O6P]+, 
86.1006[M+H– C19H39O7P]+ 

LPC (16:0) S 

133* 19.26 
C26H52NO7

P 
521.3481  521.3486  0.96  

522.3559[M+H]+, 184.0745[M+H– 
C21H38O3]+, 104.1101[M+H– C21H39O6P]+, 
86.1005[M+H– C21H41O7P]+ 

LPC (18:1) S 

134* 19.30 C16H22O4 278.1518 278.1526 2.88  
301.1419[M+Na]+, 279.1571[M+H]+, 
149.0245[M+H–C4H9–C4H9O]+, 
121.0305[M+H–C4H9–C5H9O2]+ 

Dibutyl phthalate [74] 

135* 19.38 C18H34O3 298.2508 298.2519 3.69 
297.2446[M–H]–,279.2335[M–H–H2O]–,  
253.2542[M−H−HCOOH]− 

Ricinoleic acid CFM-ID 

136* 21.00 C30H48O4 472.3553 472.3575 4.66 
471.3492[M–H]–, 427.3588[M–H–
HCOOH]–, 411.3273[M–H–HCOOH–
CH3]– 

Macrocarpoic acid A [75] 

137* 22.39 C18H30O2 278.2246 278.2259 4.67 
277.2176[M–H]–, 259.2076[M–H–H2O]–, 
109.0661[M–H–C11H18–H2O]– 

Linolenic acid S 

138* 22.58 C16H32O3 272.2351 272.2386 2.21  
271.2314[M–H]–, 225.2255[M–H–
HCOOH]–, 223.2086[M–H–2H2O–CH3]–, 
197.1904[M–H–2H2O–C3H7]– 

3-
Hydroxyhexadecano

ic acid 
CFM-ID 

139* 23.98 C30H48O 424.3705  424.3700 -1.18  
425.3773[M+H]+, 205.1942[M+H–
C15H24O]+, 189.1644[M+H–C16H28O]+, 
161.1335[M+H–C18H32O]+ 

Lupenone [76] 

140* 24.04 C18H32O2 280.2402 280.2412 3.57  279.2329[M–H]–, 261.2229 [M –H–H2O]– Linoleic acid S 

141* 24.25 C30H48O 424.3705  424.3695 -2.36  
425.3767[M+H]+, 409.3454[M+H–CH3]+, 
217.1953[M+H–C14H24O]+, 137.1337[M+H–
C20H32O]+ 

Amyrone [77] 

142* 24.62 C30H48O2 440.3654  440.3651 -0.68  441.3724[M+H]+, 231.2112[M+H– 
C13H21O]+, 187.1493[M+H–C16H28O–H2O]+ 

Ptiloepoxide [78] 

143* 24.63 C30H48O 424.3705  424.3693 -2.83  
425.3765[M+H]+, 205.1954[M+H– 
C15H24O]+, 189.1640[M+H– C16H28O]+ 

Taraxasterone [79] 

144* 24.82 C30H48O2 440.3654  440.3658 0.91  
441.3731[M+H]+, 423.3611[M+H–H2O]+, 
191.1803[M+H–C16H26O2]+, 
123.1191[M+H–C21H34O2]+ 

11α-Hydroxyurs-12-
en-3-one 

[80] 

145* 24.87 C35H36N4O5 592.2686  592.2696 1.69  593.2769[M+H]+, 533.2556[M+H–C2H4O2]+ Pheophorbide A [81] 

146* 25.44 C30H48O2 440.3654  440.3644 -2.27  
441.3717[M+H]+, 189.1638[M+H–
C16H28O2]+, 135.1184 [M+H–C20H34O2]+ 

11-Oxo-amyrin [82] 

147* 25.60 C16H32O2 256.2402 256.2409 2.73  255.2326[M–H]–, 237.2208[M–H−H2O]− Hexadecanoic acid CFM-ID 

148* 27.87 C28H48O2 416.3654 416.3669 3.60  461.3661[M+HCOO]–, 415.3591[M–H]–,  β-Tocopherol CFM-ID 
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281.2849[M–H–C9H10O]– 

149* 28.02 C24H38O4 390.2770 390.2770 0.00 
413.2662[M+Na]+, 391.2847[M+H]+, 
149.0247[M+H–C8H17–C8H17O]+ 

Dioctyl phthalate [83] 

S: compared with the reference compounds. 
CFM-ID: compared with the CFM-ID 4.0 [84]. 
* identified from SP for the first time 
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Table S2. Precision and accuracy of 20 investigated analytes by UPLC-Q/TOF-MS 

No. Compound 
Precision (RSD, %) Accuracy (n=5) 

intra- (n=5) inter- (n=6) Mean RSD (%) 
2 Chlorogenic acid 2.49 1.34 98.8 0.90 
13 Neochlorogenic acid 2.42 2.34 101.5 2.43 
60 Luteolin 7-glucuronide 2.60 2.44 99.9 2.68 
61 Rutin 2.57 2.77 101.5 2.29 
62 Isoquercitroside 2.70 2.84 96.8 2.28 
66 1,4-Dicaffeoylquinic acid 1.74 1.41 100.4 0.99 
68 1,5-Dicaffeoylquinic acid 2.38 2.99 98.2 2.79 
69 Narcisin 1.94 2.55 99.0 0.94 
72 Syringaresinol 2.35 1.32 96.4 2.52 
73 Quercitrin 1.48 1.95 100.4 2.67 
76 4.5-Dicaffeoylquinic acid 1.96 2.49 101.0 1.87 
78 Pinoresinol 4- glucoside 1.85 2.12 99.7 2.34 
85 Matairesinoside 2.42 2.91 98.9 2.08 
93 Pinoresinol 1.32 2.89 98.8 1.70 
96 Arctiin 2.10 2.90 97.9 1.82 
97 Luteolin 2.78 1.83 98.5 1.52 

102 Eupafolin 2.85 1.84 96.4 2.01 
106 Apigenin 2.12 2.59 100.8 1.04 
108 Matairesinol 1.91 2.31 98.7 2.44 
116 Arctigenin 2.49 2.10 98.2 1.97 
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Table S3. The RSDs（%）of peak area and RT in validation tests 

Tests 
ESI- mode ESI+ mode 

Peak area RT Peak area RT 
System stability 1.20~2.92 0.25~2.31 1.13~2.17 0.18~2.56 

Precision 0.47~2.65 0.10~2.20 1.01~2.75 0.26~2.04 
Reproducibility 1.68~2.92 0.12~2.84 1.01~2.75 0.13~2.38 
Sample stability 0.95~2.55 0.28~2.36 0.91~2.66 0.52~2.08 
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Figure S1.  The representative BPI chromatograms of serum and colon samples of control, model and 
SPH groups in  negative modes (A-F) and in positive modes (G–L). 
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Table S4. The AUCs and p values of the biomarkers in different ROC curves 

  

HMDB No. 
Control & Model SPH & Model 

AUC p AUC p 
HMDB0000094 1.000 <0.001 1.000 <0.001 
HMDB0000134 1.000 <0.001 1.000 <0.001 
HMDB0000158 0.990 <0.001 0.910 0.01 
HMDB0000159 0.920 <0.001 0.900 0.001 
HMDB0000191 1.000 <0.001 1.000 <0.001 
HMDB0000251 1.000 <0.001 1.000 <0.001 
HMDB0000252 0.980 0.01 0.855 0.01 
HMDB0000254 1.000 <0.001 1.000 0.01 
HMDB0000269 1.000 <0.001 0.990 0.01 
HMDB0000673 1.000 <0.001 1.000 0.01 
HMDB0001043 1.000 <0.001 1.000 <0.001 
HMDB0001085 1.000 <0.001 0.990 0.01 
HMDB0001139 0.990 <0.001 0.900 0.01 
HMDB0001193 1.000 <0.001 0.930 <0.001 
HMDB0001381 1.000 <0.001 1.000 0.001 
HMDB0001388 1.000 <0.001 1.000 <0.001 
HMDB0001852 0.910 <0.001 0.900 0.01 
HMDB0002232 1.000 <0.001 1.000 <0.001 
HMDB0004610 1.000 <0.001 1.000 <0.001 
HMDB0007883 1.000 <0.001 0.960 <0.001 
HMDB0008204 1.000 <0.001 1.000 <0.001 
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