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Figure S1. The standard curves in the TEAC, FRAP and Folin-Ciocateu assays shown as absorption vs. 

concentration. Results are expressed as the mean ± SD from at least three independent experiments. 

Table S1. Secondary metabolites in Glycyrrhiza glabra. 

Part Class Plant Secondary Metabolites References 

Root 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Triterpenes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glycyrrhizic acid 1-6 

Glabric acid 7 

Liquoric acid 8 

Betulinic acid 9 

18α-Glycyrrhetinic acid 

18β-Glycyrrhetinic acid 
2,3,5,10-12 

Ammonium glycyrrhinate 10 

Isoglabrolide 13 

21α-Hydroxyisoglabrolide 13 

Glabrolide 13 

11-Deoxyglabrolide  13 

Deoxyglabrolide 13 

Glycyrrhetol 13 

24-Hydroxyliquiritic acid 13 

Liquiridiolic acid 13 

28-Hydroxygiycyrrhetinic acid 13 

18α-Hydroxyglycyrrhetinic acid 13 

Olean-11,13(18)-dien-3β-ol-30-oic acid and 3β-acetoxy-30-methyl ester 13 

Liquiritic acid 13 

Olean-12-en-3β-ol-30-oic acid 13 

24-Hydroxyglycyrrhetinic acid 13 

11-Deoxyglycyrrhetinic acid 5,13 

24-Hydroxy-11-deoxyglycyirhetinic acid 13  

11-Desoxoglycyrrhetic acid acetate methyl ester 14 

24-Acetoxy-11-desoxoglycyrrhetic acid acetate methyl ester 14 

11-Desoxoglabrolide acetate 14 

Glabrolide acetate 14 

3β-Acetyl-18β-hydroxy-11-keto-olean-12-en-30-oic acid, 30,18β-lactone 14 

22β-Acethylglabric acid 15 

Glycyrrolide I 15 

3β-Acetyoxyglybrolide 15 

3β-Acetyoxy-11-deoxoglybrolide 15 
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3-Acetyoxy-11-deoxo-glycyrrhetinic acid 15 

Methyl-24-hydroxy-11-deoxo-glycyrrhetate 15 

Triphyllic acid 15 

Isomacedonic acid 15 

Licorice saponin A3  5,16 

Licorice saponin C2 5 

Licorice saponin G2 5,16,17 

Licorice saponin J2 5 

Glycyrrhizin isomer 5 

22-Acetoxyglycyrrhizin 5 

24-Hydroxylicorice saponin A3 16 

22β-Acetoxyl-glycyrrhizin 16 

Licorice saponin M3  16 

Licorice saponin N4 16 

Licorice saponin O4 16 

18α-Licorice saponin G2 18 

Macedonoside A 18 

29-Hydroxy-glycyrrhizin 18 

Licorice saponin K2/H2  17 

Licorice saponin B2 17 

β-Sitosterol 19 

11-Deoxoglycyrrhizin 6 

24-Hydroxyglycyrrhizin 6 

Glucoglycyrrhizin 6 

Araboglycyrrhizin 6 

Apioglycyrrhizin 6 

Glycyrrhetinic acid-monoglucuronide 6 

11-Deoxo-11,13-glycyrrhizindiene 6 

Monodesmosidic 

saponins 

30-Hydroxyglycyrrhizin 18 

Glycyrrhizin-20-methanoate 6 

24-Hydroxyglucoglycyrrhizin  6 

Rhaoglycyrrhizin 6 

11-Deoxorhaoglycyrrhizin  6 

Rhaoglucoglycyrrhizin  6 

Rhaogalactoglycyrrhizin 6 

11-Deoxo-20α-glycyrrhizin  6 

20α-Galacturonoylglycyrrhizin 6 

20α-Rhaoglycyrrhizin 6 

Sesquiterpenes 

β-Caryophyllene 20 

β-Caryophyllene oxide 20 

Himachalene epoxide 20 

(1R,3E,7E,11R)-1,5,5,8-tetramethyl-12-oxabicyclo[9.1.0]dodeca-3,7-diene 21 

Caryophyllene oxide 21  

Monoterpenes 

Camphor 22 

(Z)-Pinene hydrate 20 

Terpinen-4-ol 20 

Isoflavones 

 

 

 

 

 

 

 

 

 

 

 

Formononetin  6,23-25 

Prunetin 27 

Glabrone  28,29 

Glyzarin 30 

Licoisoflavone A 31 

Glycyrrhisoflavanone  32 

Glycyrrhisoflavone 32 

Glycyrrhisoflavanone diacetate  32 

Glycyrrhisoflavanone tricetate 32 

Glycyrrhisoflavone tetraacetate 32 

Licoisoflvone A  32 

Glisoflavone 33 
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6,8-Di-(dimethylallyi)-genistein 34 

3',6-Di-(dimethylallyl)-genistein 34 

Licoisoflavone B 34 

Licoisoflavanone 34 

Shinpterocarpin 29,35 

Glabrone 15 

Glyzaglabrin 36 

Glabroisoflavanone A 37 

Glabroisoflavanone B 37 

Genistein 6 

Daidzin 6 

Genistin 6 

Daidzein 6 

Glycitein 6 

Coumestrol 6 

O-Methylshinpterocarpin 29 

Gancaonin L 29 

7,8-Dihydroxy-4'-methoxy-6-prenylisoflavanone 29 

2',3-Dihydroxy-4'-methoxy-3'',3''-dimethylpyrano [2'',3'':7,8] 

isoflavanone 
29 

Erybacin B 38 

Parvisoflavones A 38 

2-Methylisoflavones 

7-Atetoxy-2-methylisoflavone 39 

7-Methoxy-2-methylisoflavone 39 

7-Hydroxy-2-methylisoflavone 39 

Isoprenoid-

substituted 

isoflavones 

Kanzonol T 34 

Isoflavone 

glycosides 
Ononin 6,40 

Isoflavans 

 

 

Glabridin 
5,17,24,29,35, 

41-44 

4'-Ο-Methylglabridin  24,29,35,42,45 

Hispaglabridin A 17,24,29,35,42 

Hispaglabridin B 24,29,42 

Phaseollinisoflavan 24 

3'-Methyoxy-glabridin 15 

8-Prenyl-phaseollinisoflavan 42 

3'-Hydroxy-4-Ο-methylglabridin 29,42 

5'-Formyl glabridin 29 

4''-Hydroxyglabridin 29 

(3R)-Vestitol 29 

8-Hydroxymethyl-8-methyl-3,4-dihydro-2H,8H-Pyrano[2,3-f]-chromon-

3-ol 
29 

Hydroxyisoflavans Licoricidin 46 

Dipyranoisoflavans Glyinflanin K 47 

Prenylated 

isoflavans 
Kanzonol R 48 

Diprenylated 

isoflavans 

Kanzonol X  29,35 

(3R)-2',3',7-Trihydroxy-4'-methoxyisoflavan 29 

Isoflavene  Glabrene  5,24,28,29,35 

Isoflavene 

derivatives 
3,4-Didehydroglabridin 37 

Pterocarpans 

 

 

Medicarpin 47 

Iicoagrocarpin 29 

Kanzonol F  5 

Chalcones and 

chalcone 

derivatives 

Licochalcone A  34,49,50 

Licochalcone B 5,49 

Licuroside 5,51 
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Neoisoliquiritin 51 

Echinatin 29,51 

Isoliquiritin 35,40 

Glyinflanin G 35 

Kanzonol Y 5,17,29,35,47 

Rhamnoisoliquiritin 15 

3, 3'-Di-γ,γ-dimethylallyl-2'-4,4'-trihydroxychalcone 52 

[6",6"-Dimethylpyrano(2",3":4,5)]-3'-γ,γ-dimethylallyl-2',3,4'-

trihydroxychalcone 
29,52 

Licuraside (neolicuroside) 5,47 

2,3,4-Trihydroxy-4'-methoxychalcone 53 

2,4,4'-Trihydroxychalcone 53 

3,3',4,4'-Tetrahydroxy-2'-methoxy-5- 

prenylchalcone 
29 

2,3',4,4'-Tetrahydroxy-3,5'-diprenylchalcone 29 

2,3',4,4',α-Pentahydroxy-3,5'-diprenyl-dihydrochalcone 29 

2,3',4,4',α-Pentahydroxy-3-prenyl-dihydrochalcone 29 

Morachalcone A 29 

Isoliquiritigenin 5,54-57 

Licorice glycoside A 5, 

2,4,4'-Trimethoxychalcone 17 

Glyinflanin A 17 

Licoflavone B 17 

Glycyrdione B 17 

Glyinflanin D or G  17 

Licochalcone D 17 

Retrochalcones Lichocalcone B (3, 4, 4'-trihydroxy-2-methoxychalcone) 29 

Hydroxydihydroch

alcones 

1-(2,4-Dihydroxyphenyl)-2-hydroxy-3-(4'-hydroxyphenyl)-1-propanone 53 

1-(2,4-Dihydroxyphenyl)-3-hydroxy-3-(4'-hydroxyphenyl)-1-propanone 53 

Hydroxydihydroch

alcone glucosides 

1-(2,4-Dihydroxyphenyl)-3-hydroxy-3-(4'-hydroxyphenyl-4'-O-β-D-

glucopyranoside)-1-propanone 
53 

1-(2,4-Dihydroxyphenyl-4-O-β-D-glucopyranoside)-3-hydroxy-3-(4'-

hydroxyphenyl)-1-propanone 
53 

Flavonosides  Liquiritoside 58 

Flavonoids 

Pinocembrin 27 

Glyasperin M 34 

Euchrenone a5  29,47 

Rhamnoliquirilin 59  

Flavonoid dimer 

 

Glabridin + sophoracoumestan A  17 

Glabridin + sophoracoumestan A  17 

Glabrone + glabridin  17 

Glabrone + glabridin  17 

Isoprenoid-

substituted 

flavonoids 

Gancaonin F 60 

Gancaonin G 34,60 

Gancaonin H 34,60 

Gancaonin I 60 

2-Arylbenzofuran 

flavonoids 

 

 

 

 

Licocoumarone 33,61 

Kanzonol U 29,35 

Kanzonol V  35 

Glabrocoumarone A  52 

Glabrocoumarone B  52 

ω-Hydroxymoracin N   17 

2-Arylbenzofuran 

dimer 
Lespedezol B3  17 

Flavonols 
Licoflavonol 62 

Kumatakenin  62 

 
Licoricone  62 

Isolicoflavonol 32 
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Astragulin 15 

Kumatakenin 63 

Flavones 

4',7-Dihydroxyflavone 32 

Kaempferol 3-O-methyl ether   33 

Saponaretin (isovitexin) 51 

Glabranin 51 

Genkwanin 15,51 

Quercetin-3,3'-dimethylether 15 

Quercetin-3-glucobioside 15 

5,8-Dihydroxy-flavone-7-O-beta-D-glucuronide (glychionide A) 64 

5-Hydroxy-8-methoxyl-flavone-7-O-beta-D-glucuronide (glychionide B) 64 

Licoflavanone A 29 

Isoviolanthin  5 

Luteolin 65 

Apigenin 65 

Flavanones 

 

Glabrol  5,24,29,35,41,52 

Liquiritin 5,40,66, 67 

3',6- and 3',8-Diprenylated dalbergioidin (2',4',5,7-tetrahydroxy-

isoflavanone) 
34 

Isoliquiritoside 15 

3-Hydroxygrabrol 52 

Shinflavanone 29,52 

[6",6"-Dimethylpyrano(2",3":7,8)]-[6''',6'''-dimethylpyrano(2''',3''':4',3')]-

flavanone (xambioona) 

29,52 

 

(2R,3R)-3,4',7-Trihydroxy-3'-prenylflavanone 29 

Liquiritigenin 3,4,56,57,68 

Choerospondin 5 

Licorice glycoside D2/D1 5 

5,7-Dihydroxyflavanone 5 

3-Hydroxyglabrol  5 

Rhamnoliquiritin  5 

Pinocembrin  67 

3-

Hydroxypyranoflav

anones 

Kanzonol Z 47 

Flavonoid 

glycosides 

Neoliquiritin 51 

Violanthin 40 

Isoschaftoside 40 

Schaftoside   17,40 

Liquiritin apioside  5 

Phenylpropanolds 

Sinapinic acid 65,68 

Ferulic acid 23,65,68 

Phenylpropionic acid 69 

Eugenol  20,22 

Caffeic acid 65 

Coumarins 

Herniarin 68 

Umbelliferon  68 

Liqcoumarin   70 

Glabrocoumarin 29,37 

Glycocoumarin 63 

Licofuranocoumarin 63 

3-Arylcoumarins 

Glycyrin 71 

Glycycoumarin 32,61 

Licoarylcoumarin 33 

Licopyranocoumarin 33 

Pyrano-3-

arylcoumarin 
Kanzonol W 29,35 

Coumestan Glycyrol 9,60,62 
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derivatives 5-O-Methylglycyrol 9 

Isoglycyrol 9,60 

Phenolic 

compounds 
Mulberrofuran K 17 

Diarylheptanoid Kuwanon V 17 

Benzophenone Cudranone 17 

Diels-Alder types 

adducts 
Guangsangon F 17 

Carboxylic acids 

Benzoic acid 69 

p-Ethoxybenzoic acid 69 

Gentisic acid 65 

p-Coumaric acid  65 

Phenols (essential 

oil) 

Acohols and ethers 

(essential oil) 

 

 

 

 

 

Guaiacol (O-methoxyphenol) 22,69 

Phenol 69 

p-Methoxyphenol 69 

2,4-Dihydroxyacetophenone 69 

Ethylphenol 69 

(O-)Cresol 69 

2-Methalyl phenol 22 

3-Methyl-6-propyl phenol 22 

2-Methyl-5-isopropyl phenol  22 

p-Vinyl-guaiacol 20 

Hexanol 22,69 

2-Phenylethanol 69 

4-Methyl-1-isopropyl-3-cyclohexen-l-ol (α-terpineol) 20,22,69 

2,3-Butanediol 69 

1,2-Heptanediol 69 

Linalool 69 

Lavandulol 69 

Cymenol 69 

Benzyl alcohol 69 

Phenylethyl alcohol 22,69 

Dimethylphenethyl alcohol 69 

Linalyl oxide 69 

4-Propenylanisol 69 

n-Pentanol 22 

2-Methyl-6-methylen-7-octen-2-ol 22 

Cumic alcohol 22 

1-Pentadecanol 22 

Lavandulol<tetrahydro-> 20 

(E)-Linalool oxide 20 

p-Cymen-8-ol 20 

Methyl chavicol 20 

α-Cadinol 21 

Aldehydes 

(essential oil) 

 

 

 

 

 

 

 

 

 

Tiglaldehyde (tentative) 69 

Benzaldehyde 69 

2-Hexanal 22 

Myrtenal 22 

Phenylacetaldehyde 22 

7-Methoxy-3,7-dimethyl-octanal 22 

2-Hydroxy-4-methyl benzaldehyde 22 

Cumin aldehyde 20 

(E)-Cinnamaldehyde 20 

(4E)-Decenal 20 

Benzaldehyde 21 

Caproaldehyde 21 

Nonanal  21 

Ketones and 1-Butanol-2-one (tentative) 69 
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hydroxy ketones 

(essential oil) 

1-Butanol-3-one 69 

Acetoin (tentative) 69 

2-Hydroxy-3-methyl-2-cyclopenten-l-one 69 

4-Hydroxy-4-methyl-2-pentanone 69 

Acetol 69 

Methyl ethyl ketone 69 

Fenchone 69 

Thujone 69 

6-Methyl-5-hepten-2-one 22 

3-Methyl-3-hepten-2-one 22 

3,5-Octadien-2-one 22 

6-Methyl 3,5-heptadien-2-one 22 

Acetonphenoone 22 

n-Methyl-2-pyrrolidone 22 

2-Methyl-5-isopropyl-2-cyclohexen-1-one 22 

Pseudoionone 22 

5-Pentylpyran-2-one 22 

2-Methyl-3-decen-5-one 22 

Carvone 20 

Piperitone 20 

Geranylacetone 21 

6,10,14-Trimethyl-2-pentadecanone 21 

Esters (essential oil) 

 

 

 

 

 

 

Ethyl palmitate 69 

Ethyl linoleate 69 

Ethyl linolenate 69 

Ethyl phenylacetate 69 

Butyl phthalate 69 

Butyric anhydride (tentative) 69 

Butyrolactone 69 

γ-Hexalactone 69 

γ-Heptalactone 69 

γ-Nonalactone 20,22,69 

γ-Octalactone 69 

Propyl p-hydroxybenzoate 69 

Methyl hexanoate 22 

Hexyl formate 22 

Isobutyl adipate 22 

Methyl hexadecanoate 22 

Hexadecyl acetate 22 

Hexadecanoic acid, ethyl ester 72 

Linoleic acid ethyl ester 72 

E-8-Methyl-9-tetradecen-1-ol acetate 72 

9,12,15-Octadecatrienoic acid,ethyl ester, (Z,Z,Z)- 72 

γ-Lactones (C6–C14) 72 

4-Methyl-γ-lactones 72 

4-Ethyl-γ-lactones 72 

Methyl 11-cyclopentylundecanoate 21 

Hydrocarbons 

(essential oil) 

p-Cymene 69 

4-Propenyltoluene 69 

6-Methyl-3-undecene 22 

5-Methyl-2-undecane 22 

9-Methyl-3-undecene 22 

1-Docosene 72 

1-Hexadecene 72 

1-Octadecene 72 

Undecane,4-cyclohexyl- 72 

5-Acetoxypentadecane 72 

4-Methyloctane 21 
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2,3-Dimethyl-dodecane 21 

Aromatic 

compounds 

(essential oil) 

Carvacrol 69 

Thymol 69 

Estragole (methyl cavicol) 22 

Anethole 22 

Styrene 21 

2-Pentylfuran 21 

2,2'-Methylenebis(6-tert-butyl-4-methylphenol) 21 

(E)-Anethole 20 

Thymol 20 

Carvacrol 20 

Furan derivatives 

(essential oil) 

Furfural 22,69 

Furfuryl alcohol 69 

5-Methyl-3-hydrofuran-2-one 69 

2-Methyl-2-tetrahydrofuran-3-one 69 

2-Acetylfuran 69 

5-Methylfurfural 20,69 

Dihydrobenzofuran 69 

2-Acetyl- 5-methylfuran 69 

1-(2-Furyl)-2-propan one (tentative) 69 

Furyl ethyl ketone 69 

1-(5-Methyl-2-furyl) l,2-Propanedione 69 

Furfuryl formate 69 

Furfuryl acetate 69 

Furfuryl propionate 69 

Furfuryl butyrate 69 

2,2-Difurylme thane 69 

2,2-Difurylethane (tentative) 69 

2,2-Difurylethylene (tentative) 69 

Difurfuryl ether 69 

1-Furfuryl-2-formylpyrrole 69 

1-Furfuryl-2-acetylpyrrole 69 

2,4-Difurfurylfuran (tentative) 69 

2-3-Dihydro-4-methyl furan 22 

2-Pentylfuran 22 

2,3-Dihydro benzofuran 22 

Dihydro-5,5-dimethyl-2(3H)-furanone 22 

Furanones Coffee furanone (2-methyl-tetrahydrofuran-3-one) 51  

Heterocycle 

compounds 

2-Acetylpyrrole 69 

1-Methyl-2-formylpyrrole 69 

2-Formyl-5-methylpyrrole 69 

Pyrazole (tentative) 69 

2,6-Dimethylpyrazine 69 

2-Ethyl-6-methylpyrazine 69 

Trimethylpyrazine 69 

Maltol 69 

Furylmethylketone 69 

2-Methyltetrahydrofuran-3-one 69 

2-acetylpyrrole 69 

Indole 22,69 

Toluenes 2-Ethyl-1,4-dimethyl benzene 22 

Miscellaneous 

compounds 

  

1-Methoxy-4-isopropyl cyclohexane 22 

3-Methoxy-2-methyl propane 22 

O-Tolunitrile 22 

1-Methoxy-4-isopropyl benzene 22 

8,8-Dimethyl-3,4-dihydro-2H,8H-pyrano[2,3-f]-chromon-3-ol 29 

Methyl eugenol  20 

 Sesquiterpenes Caryophyllene  72 
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D-cadinene  21 

Caryophyllene oxide   21,72 

Germacrene D  72 

Humulene- (VI)   72 

Monoterpenes 
D-limonene 72 

Calacone  21 

Prenylated 

dihydrostilbenes 

 

α,α′-Dihydro-3,5,4′-trihydroxy-4,5′-diisopentenylstilbene 74 

α,α′-Dihydro-3,5,3′,4′-tetrahydroxy-4,5′-diisopentenylstilbene 74 

α,α′-Dihydro-3,5,4′-trihydroxy-5′-isopentenylstilbene 74 

α,α′-Dihydro-3,5,3′-trihydroxy-4′-methoxy-5′-isopentenylstilbene 74 

α,α′-Dihydro-3,5,3′,4′-tetrahydroxy-5′-isopentenyl stilbene 74 

Dihydro-3,5-dihydroxy-4′-acetoxy-5′-isopentenylstilbene 75 

Dihydro-3,3′,4’-trihydroxy-5-o-isopentenyl-6-isopentenylstilbene 75 

Dihydro-3,5,3′-trihydroxy-4′-methoxystilbene 75 

Dihydro-3,3′-dihydroxy-5beta-d-o-glucopyranosyloxy-4′-

methoxystilbene 
75 

Isoflavones 

Formononetin   4,25 

Wighteone 74,76 

Genistein 76 

Lupiwighteone 75,76 

Prunetin 76 

Flavonones 

 

Licoflavanone 25,76 

Pinocembrin 25,67,74,76 

Naringenin 75 

Liquiritin 67 

Flavonoids 

 

Glabranin 67,74 

Licoflavone 74 

Glabranin isomer 75 

Pinocembrin 7-O-glucoside 75 

Astragalin 75 

Vicenin II 75 

Pinocembrin-7-O-β-D-glucopyranoside 67 

Pinobanksin 67 

Galangin 67 

Flavonoid 

glycosides 
Isoquercitrin 25 

Cyclic polyols Pinitol 75 

Acohols 

Benzyl alcohol 21 

Nerolidol 21 

α-Cadinol 21 

Phytol 21 

Aldehydes 

Tetradecanal  72 

Nonanal 72 

3-Methyl-2-butenal 21 

Trans-2-hexenal 21 

Benzaldehyde 21 

2-Phenylethanal 21 

Ketones 

 

 

 

 

 

 

6-Prenylnaringenin 76 

2-Undecanone, 6,10-dimethyl-  72 

2-Pentadecanone, 6,10,14-trimethyl-  72 

7,8-Epoxy-2-ionone  72 

Benzylacetone 21 

1- Divinyl-ethanone 21 

Beta-damarone 21 

Geranylacetone 21 

β-Ionone 21 

4-[2,2,6-Trimethyl-7-oxabicyclo[4.1.0]hept-1-yl]-3-buten-2-one 21 

6,10,14-Trimethyl-2-pentadecanone 21 
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Esters 

Dibutyl phthalate  72 

Dihydroactinidiolide 21 

Benzyl benzoate 21 

1,6-2 Benzoate  21 

Aromatic 

compounds 
Benzocyclobutene 21 

Phenols 2,2'-Methylenebis(6-tert-butyl-4-methylphenol) 21 

Acids 

 

Pheracetic acid, 2,5α,α-tetramethyl-  72 

Phthalic acid 21 

Alkanes  

Pentane, 2-methyl- 72 

Pentane, 3-methyl- 72 

Pentane, 2,2-dimethyl- 72 

Cyclopentane, methyl- 72 

Pentane, 3,3-dimethyl- 72 

Hexane, 2-methyl- 72 

Pentane, 2,3-dimethyl- 72 

Haxane, 3-methyl- 72 

Pentane, 3-ethyl- 72 

Cyclopentane, 1,2-dimethyl- 72 

Pentane, 2,2,4-trimethyl- 72 

Cyclohexane, methyl- 72 

Hexane, 2,4-dimethyl- 72 

Hexane, 3,3-dimethyl- 72 

Cyclopentane, 1,2,3-trimethyl- 72 

Pentane, 2,3,3-trimethyl- 72 

Hexane, 2,3-dimethyl- 72 

Heptane, 2-methyl- 72 

Hexane, 3,3,4-trimethyl- 72 

Hexane, 3,4-dimethyl- 72 

Heptane, 3-methyl- 72 

Hexane, 3-ethyl- 72 

Cyclphexane, 1,3-dimethyl-, trans- 72 

Hexane, 2,2,4-trimethyl- 72 

Cyclohexane, 1,1-dimethyl- 72 

Cyclopentane, 1-ethyl-3-methyl- 72 

Cyclopentane, 1-ethyl-2-methyl- 72 

Cyclopentane, 1-ethyl-1-methyl- 72 

Cyclopentane, 1,2-dimethyl-, trans- 72 

Octane, 2-chloro- 72 

Cyclohexane, 1,4-dimethyl-, cis- 72 

Cyclopentane, (1-methylethyl-) 72 

Hexane, 2,3,5-trimethyl- 72 

Hexane, 2,2,5-trimethyl- 72 

Heptane, 2,4-dimethyl 72 

Pentane, 3-methyl-3-ethyl- 72 

Heptane, 2,6-dimethyl 72 

Cyclohexane, ethyl- 72 

Heptane, 2,5-dimethyl- 72 

Hexadecane, 2,6,10,14-tetramethyl 72 

Nonadecane, 9-methyl- 72 

Hexadecane, 2,6,10,14-tetramethyl- 72 

Hydrocarbons 

4-Methyloctane 21 

Ethylbenzene  72 

p-Xylene  72 

Miscellaneous 

compounds 

 

Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl-)-(1s-cis)-  72 

N-Phenyl-1-naphthylamine  72 

Benzene, 1-methoxy-4-(2-propenyl)- 72 

Benzene, 1-methoxy-4-(1-propenyl)- 72 
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Seed 
Flavonoid 

glycosides 
Isoquercitrin  25 

Stem Flavonones 
Pinocembrin 25 

Licoflavanone 25 

Stolon Flavanones 3-Hydroxyglabrol  35 

Root 

and 

stolon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flavanones 3-Hydroxyglabrol  35 

Triterpenes Glycyrrhizic acid 77,78 

Isoflavones 
Glisoflavone 33 

Formononetin 79 

Isoflavans 

Glabridin 79 

Hispaglabridin B 79 

4′-O-Methylglabridin 79 

Chalcones 
Isoliquritigenin  77-79 

Kanzonol Y 35 

Chalcone 

derivatives 
1,2-Dihydroparatocarpin A 79 

Flavones Kaempferol 3-O-methyl ether 33 

3-Arylcoumarins 
Licoarylcoumarin  33 

Licopyranocoumarin 33 

2-Arylcoumarins Licocoumarone 33 

Neolignan lipid 

esters 
Mixture of neolignan lipid esters 79 

Phenolic 

compounds 

Hemileiocarpin 79 

Paratocarpin B 79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Root 

and 

rhizome 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Triterpenes 

Glycyrrhetinic acid  80,81 

Glycyrrhizic acid 81,82 

Uralsaponin B 82 

Isoflavones 

Glabrene 83 

Calycosin  54 

Shinpterocarpin   45 

Derrone 45 

Lupiwighteone 45 

2,3-Dehydrokievitone 45 

Parvisoflavones-A 45 

1″,2″-Dehydrocyclokievitone 45 

7,2′-Dihydroxy-4′-methoxy-8-(3-methyl-2-butenyl) isoflavanone 45 

3-

Hydroxyisoflavano

nes 

Glycybridin J 45 

Isoflavans 

Glabridin  81,83-86 

3′-Hydroxy-4′-O-methylglabridin 45 

8-Prenyl-phaseollinisoflavan 45 

Glycybridin H 45 

Hydroxyisoflavans Licoricidin 81 

Isoflavone 

glycosides 
Ononin 54 

Isoflavenes 
Glycybridin D 45 

Glycybridin E 45 

Isoflavene 

derivatives 
3,4-Didehydroglabridin  45 

Hydroxyisoflavonoi

ds 
Isoglycycoumarin 82 

Chalcones and 

chalcone 

derivatives 

Isoliquiritigenin 57,81,82 

Isoliquiritin  54,57,82 

Licochalcone A 45,81,82 

Licuroside (neoisoliquiritin apioside) 87,88 

Isoliquiritin 81,87 

2-(5-p-Coumaryl apiosyl), isoliquiritin 87 

Licuraside (isoliquiritin apioside)  54,81,88 
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Kanzonol Y 45 

[6″,6″-Dimethylpyrano(2″,3″:4,5)]-3′-γ,γ-dimethylallyl-2′,3,4′-

trihydroxychalcone 
45 

Licoagrochalcone A 45 

Isobavachalcone 45 

Kanzonol B 45 

Paratocarpin B 45 

α-

Hydroxydihydroch

alcones 

Glycybridin A 45 

Glycybridin B 45 

Glycybridin C 45 

Chalcone 

oligoglycosides 
Isoliquiritin apioside 81,87 

Flavonoids 

Apigenin-6,8-di-C-glucoside (vicenin-2) 88 

Apigenin 2′′-O-pentosyl-6-C-hexoside 88 

Methylapigenin O-hexoside 88 

Liquiritigenin apiosyl-glucoside isomers 88 

Naringenin-7-O-apiosyl-glucoside 88 

Euchrenone a5 45 

Abyssinone II 45 

Kanzonol C 45 

Flvonols (2R,3R)-3,4′,7-Trihydroxy-3′-prenylflavane 45 

Flavones Apigenin  80 

Flavone glucosides Vitexin  89 

Flavanones 

 

Liquiritin 54,57, 81,82 

Liquiritigenin  54,57,81,82,87 

Naringenin 45 

Xambioona 45 

Shinflavanone 45 

3-Hydroxyglabrol 45 

Monohydroxyflava

nones 
(2S)-Abyssinone 1 45 

3-

Hydroxypyranoflav

anones 

Kanzonol Z 45 

2-Arylbenzofuran 

flavonoids 

Glyinflanin H (glabrocoumarone B)  45 

Kanzonol U 

 
45 

2-Arylbenzofurans 
Glycybridin F 45 

Glycybridin G 45 

Flavonoid 

glycosides 

Liquiritin apioside 54,81,87 

Neoliquiritin apioside 87 

6ɑ,11ɑ-

Pterocarpenes 
Dehydroglyceollin I 45 

Pterocarpans 
Licoagrocarpin 45 

Phaseollin 45 

3-

Phenoxychromone 
Glycybridin I 45 

3-Arylcoumarin 
Glycycoumarin  81,82 

Glycybridin K 45 

Pyrano-3-

arylcoumarin 
Kanzonol W 45 

Coumestan 

derivatives 
Isoglycyrol 82 

Phenolics 
2′-O-Demethybidwillol 45 

Erybacin 45 

Miscellaneous 

compounds 

p-Hydroxybenzylmalonic acid 81 

Glycyrrhizic acid monoammonium salt 54 

Root 

culture 
Triterpenes 

Betulinic acid 90 

β-Amyrin 90 
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Lupeol 90 

Hairy 

root 

culture 

Sesquiterpene 

lactones 
Odoratin 91 

Isoflavones Afrormosin 91 

Isoflavans 4'-O-Methylglabridin  92 

Dipyranoisoflavans Glyinflanin K 92 

Chalcones and 

chalcone 

derivatives 

Echinatin 91 

Kanzonol B 93 

4-Hydroxylonchocarpin 93 

Flavanones 

 

Glabrol  93 

Xambioona 93 

3-Hydroxyglabrol 93 

Flavonoids 

Isobavachalcone  93 

Euchrenone a5 93 

Abssinone II 93 

Kanzonol D 91 

Prenylated biaurone Licoagrone 91 

Prenylated 

flavonoids 

 

 

Licoagrochalcone A 93 

Licoagrocarpin 93 

Glabridin  92 

Tenuifolin B 92 

Lespedezaflavanone B 92 

Coumestans Phaseol 91 

Others Licoagrodione 92 

Whole 

plant 

Isoflavone Genistein 94 

Chalcones Echinatin 94 

Flavanones Liquirtigenin  95 

Flavonoids 6-Aldehydo-isoophiopogonone 95 

3-Arylcoumarins Licopyranocoumarin 94 

Polyphenols Ellagic acid  95 

Phenolic 

compounds 

Glicoricone 94 

Licofuranone 94 

Table S2. Secondary metabolites in Paeonia lactiflora. 

Part Class PSM References 

Root 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monoterpene 

glycosides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6-O-β-D-Glucopyranosyl-lactinolide 96 

Oxybenzoyl-paeoniflorin 96,97 

Albiflorin R1  98 

Paeoniflorin  97,99-110 

Albiflorin (pinnae-type monoterpenes) 97,99-102,104-110 

Benzoylpaeoniflorin 97,99,101,104,108-110 

Oxypaeoniflorin/oxypaeoniflorin isomer 97,110 

Lactiflorin 97,108,110 

3-O-Methylpaeoniflorin 97 

Mudanpioside J 97 

Paeoniflorin sulfonate 99 

6'-O-β-D-Glucopyranosylalbiflorin 100  

6'-O-Benzoylalbiflorin 100 

Benzoyl paeoniflorin 100,107 

Isopaeoniflorin 111 

Isobenzoylpaeoniflorin 111 

4-O-Methyl-paeoniflorin 108,111 

1-O-β-D-Glucopyranosyl-8-O-benzoylpaeonisuffrone 112 

Paeonidanin 104,112 

Paeonilactone-B 101 

Paeonilactone-C 101 

Paeoniflorigenone 101,105 
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Oxypaeoniflorin 101,108 

4'-O-Benzoylpaeoniflorin  113,114 

4-O-Galloylalbiflorin  103,105,113,114  

Paeonin A 115 

Paeonin B 115 

Paeonin C 115 

8-Debenzoylpaeonidanin 115 

Galloylalbiflorin  103,104 

Lalbiflorin 103 

Galloy paeoniflorin 103 

6-O-Galloyl-β-D-glucopyraneose 103 

4-Methylpaeoniflorin 104 

Paeonidanin A 104 

Benzoylalbiflorin 104 

Debenzoylalbiflorin 104 

2'-O-Benzoylpaeoniflorin 116 

Albiflorin R2 116 

Albiflorin R3 116 

Nor-paeonilactone 105  

Paeonilactone D 105  

Paeonilactone A 105  

9-Hydroxypaeonilactone A 105  

Paeonin D 105 

6′-O-Galloylalbiflorin 105 

Galloylpaeoniflorin  105,108 

Paeonidanin F 117 

Paeonidanin G 117 

Paeonidanin H 117 

Desbenzoylpaeoniflorin 110 

Pinen-vicianoside 110 

Hydroypaeoniflorin 107 

8-Debenzoylpaeoniflorin 118 

Paeonidanin B 118 

Paeonidanin C 118 

Paeonidanin D 118 

Paeonidanin E 108 

Oxypaeoniflora 109 

Monoterpenes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-O-β-D-Glucopyranosylpaeonisuffrone 96,112 

Lactinolide 96 

Paeonilactinone 96 

4-Methylbenzoylpaeoniflorin 104 

Paeoniphenoside 104 

Paeonisuffrone C 105 

Paeonisuffrone 105 

6′-O-Acetylpaeoniflorin 106 

Galloyl-desbenzoylpaeoniflorin 110 

Galloylpaeoniflorin/galloylalbiflroin 110 

Isomaltopaeoniflorin/glucopyranosylalbiflorin 110 

Glucopyranosyl-enzoylpaeonisuffrone 110 

Di-O-galloylpaeoniflorin 110 

Pyrethrin I 118 

Pyrethrin II 118 

Paeoniflorol 108 

4'-Hydroxypaeoniflorigenone 108 

4-epi-Albiflorin 108 

Paeonivayin 108 

Salicylpaeoniflorin 108 

Mudanpioside C 108 
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Mudanpioside J 108 

Benzoyloxypaeoniflorin 108 

6'-O-Vanillyloxypaeoniflorin 108 

Paeonenoide D 119 

Paeonenoide E 119 

Triterpenes 

 

β-Sitosterol 103,120 

Palbinone 105 

Oleanic acid 107,119 

11α,12α-Epoxy-3β,4β-dihydroxy-24-norolean-28-oic acid 119 

3β,4β,23,29-Tetrahydroxy-24-norolean-12-en-28-oic acid 119 

Paeonenoide A (24,30-dinortriterpenoid) 119 

11α,12α-Epoxy-3β,23-dihydroxyolean-28,13β-olide 119 

11α,12α-Epoxy-3β-hydroxyolean-28,13β-olide 119 

Hederagenin 119 

Phytosterols Daucosterol (β-sitosterol glucoside) 118 

Phenolic acids 

 

(+)-Catechin-7-O-gallate 108 

(-)-Epicatechin-7-O-gallate 108 

Phenolic 

glycosides 
2-Methoxy-5-(E)-propenyl-phenol-β-vicianoside  122 

Phenolic 

aldehydes 
Paeonalin A 120 

Phenolic 

compounds 

Phloroglucinol 123 

Resorcinol 123 

Catechol 123 

Methyl gallate 103,106,108 

Pyrogallol 103 

1,2,3-Benzenetriol 104 

Bisphenol A (diphenylmethane derivatives and bisphenols) 106 

Phenol (carbolic acid) 118 

Polyhenols 

1,2,3,4,6-Pentagalloyl glucose (PGG)  99,103,108 

Paeonol  102,106-108,124 

3-O-Galloylquinic acid 118 

4-O-Galloylquinic acid 118 

Pedunculagin 118 

1,2,3,6-Tetra-O-galloyl-β-D-glucose  118 

1,3,6-Trigalloyl-β-D-glucose 118 

1,2,3-Tri-O-galloyl-β-D-glucose 118 

1,2,6-Tri-O-galloyl-β-D-glucose 118 

Hydrolysable 

tannins 

Casuariin 118 

Casuarictin 118 

5-Desgalloylstachyurin 118 

1-O-Galloyl-β-D-glucose 118 

Strictinin 118 

Tellimagrandin I 118 

2,3-O-(S)-Hexahydroxydiphenoyl-D-glucopyranose 118 

Gallotannins 

Pentagalloylglucose 110 

Hexagalloylglucose 110 

Heptagalloylglucose 110 

Octagalloylglucose 110 

Nonagalloylglucose 110 

Flavonoids 

(+)-Catechin 102-104,107-109 

4',5-Dihydroxyflavanone-7-O-β-D-glucoside 104 

5,7-Dihydroxyflavanone-4'-O-β-D-glucoside 104 

Narigenin chalcone 2'-O-xyloside 108 

4,2',4',6',7,8-Hexahydroxy-7,(8)-dihydro-chalcone, (cilicicone-A)  108 

Prenylated 

furocoumarins 
Pangelin 125 

Carboxylic Gallic acid 102-104,107-109,124 



Medicines 2019, 6, 43; doi:10.3390/medicines6020043 S16 of S35 

 

 

 

 

 

 

 

 

 

 

 

acids Benzoic acid 102,106,108,109,120 

Vanillic acid 104 

3,5-Dihydroxy-4-methoxyl-benzoic acid  108 

Esters 

Ethyl gallate 103 

Di-(2-ethylhexyl)phthalate 103 

1,2,3,4,6-Penta-O-galloyl-β-D-glucopyranose 106,124 

Methyl 4-hydroxy-3-methoxybenzoate 108 

Anthocyanins Peonin (peonidin-3,5-diglucoside) 118 

Miscellaneous 

compounds 

Paeonalin B (volatile crystalline substance) 120 

Benzoylsucrose 110 

Galloylsucrose  110 

Flower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monoterpene 

glycosides 

Paeoniflorin 126,127 

Albiflorin 102,126,127 

Oxypaeoniflorin 127 

Flavonoids 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pelargonidin 3-glucoside 123 

Cyanidin 3,5-diglucoside 123 

Peonidin 3-glucoside 123 

Peonidin 3,5-di-Ο-β-D-glucopyranoside 123 

Malvoside (petal) 123 

Catechin 102 

Quercetin-3-O-glucoside-6″-gallate 126 

Kaempferol-3-O-glucoside-6″-gallate 126 

Kaempferol-3,7-di-O-β-D-glucoside 126 

Quercetin-3-O-(6''-O-galloyl)-glucoside 128 

Quercetin-3-O-β-D-glucoside 128 

Kaempferol-3-O-(6''-O-galloyl)-glucoside 128 

Isohamnetin-3-O-β-D-glucoside 128 

Kaempferol 128 

Kaempferol-3-O-β-D-glucoside 128 

Kaempferol-7-O-β-D-glucoside 128 

Quercetin-3-O-(6″-O-galloyl)-glucoside 127 

Kaempferol-3,7-di-O-β-D-glucopyranoside 127 

Kaempferol-3-O-β-D-glucopyranosyl-7-O-α-L-rhamnopyranoside 127 

Kaempferol-3-O-β-D-galactopyranosyl-7-O-β-D-glucopyranoside 127 

Kaempferol 3-O-(6-O-galloyl)-β-D-glucopyranoside 127 

Astragalin 127 

2-Phenylethyl-[α-L-rhamnopyranosyl-(1→6)]-β-D-glucopyranoside 127 

Tannins 
1,2,3,6-tetra-O-Galloyl-β-D-glucopyranoside 126,127 

1,2,3,4,6-penta-O-Galloyl-β-D-glucopyranoside 126,127 

Hydrolysable 

tannins 
1-O-Galloyl-β-D-glucose 126 

Gallotannins 1,2,3,4,6-Pentagalloyl-β-D-glucose 128 

Phenolic 

compounds 

Phenethyl alcohol 123 

Methyl gallate 126,127 

Ethyl gallate 126,127 

An equilibrium mixture of methyl m-digallate and methyl p-digallate 127 

An equilibrium mixture of ethyl m-digallate and ethyl p-digallate 127 

Carboxylic 

acids 

Gallic acid  126,127 

Vanillic acid 126,127 

Esters 1-O-Galloyl-β-D-glucopyranoside 127 

Miscellaneous 

compounds 

(Z)-Hex-3-en-1-ol 123 

13-Methyltetradecanoic acid 123 

(Z)-Hex-3-enal 123 

1′-O-Galloylsucrose 127 

6′-O-Galloylsucrose 127 

6-O-Galloyl-D-glucopyranoside 127 

3-Hydroxycitronellic acid 3-O-β-D-glucopyranoside 127 

2-Phenylethyl)]-β-D-glucopyranosyl-(1→6)]-β-D-glucopyranoside 127 
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2-Phenylethyl-β-D-glucopyranoside 127 

3-O-β-D-Glucopyranoside 127 

6-O-m-Digalloyl-1,2,3,4-tetra-O-galloyl-β-D-glucopyranoside 127 

Leaf  

 

Monoterpene 

glycosides 

Albiflorin 102 

Paeoniflorin 102 

Flavonoids Catechin 102 

Carboxylic 

acids 

Gallic acid 102 

Benzoic acid 102 

Phenolic 

compounds 
Paeonol 102 

Stem  

 

 

Monoterpene 

glycosides 

Albiflorin 102 

Paeoniflorin 102 

Flavonoids Catechin 102 

Carboxylic 

acids 

Gallic acid 102 

Benzoic acid 102 

Phenolic 

compounds 
Paeonol 102 

Fruit  

Monoterpene 

glycosides 
Albiflorin  102 

Flavonoids Catechin 102 

Dimeric 

ellagitannins 

Paeonianin A 129 

Paeonianin B 129 

Paeonianin C 129 

Paeonianin D 129 

Ellagitannin 

monomer 
Paeonianin E 129 

Carboxylic 

acids 

Gallic acid 102 

Benzoic acid 102 

Phenolic 

compounds 
Paeonol 102 

Rhizome 

Monoterpene 

glycosides 

Albiflorin 102 

Paeoniflorin 102 

Flavonoids Catechin 102 

Carboxylic 

acids 

Gallic acid 102 

Benzoic acid 102 

Phenolic 

compounds 
Paeonol 102 

Root and 

rhizome 
Triterpenes 

Oleanolic acid 130 

Ursolic acid 130 

Seed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monoterpene 

glycosides 

Paeoniflorin 102,131 

Albiflorin 102,131 

Oxypaeoniflorin 131 

4″-Hydroxyl-albiflorin 131 

Paeonidanin 131 

Albiflorin R1 131 

4-O-Methyl-paeoniflorin 131 

Oxypaeonidanin 131 

Flavonoids 
Luteolin 132 

Catechin 102 

Carboxylic 

acids 
Benzoic acid 102 

Stilbenes 

cis-ε-Viniferin  133  

trans-ε-Viniferin 132-134 

Resveratrol 132,133 

Gnetin H  132,133 

Suffruticosol A  132-134 

Suffruticosol B 133,134 

trans-Resveratrol-4'-O-beta-D-glucopyranoside 133 

trans-Gnetin H 134 
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Table S3. Secondary metabolites in Paeoia veitchii. 

Part Class PSM References 

Root 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monoterpene 

glycosides 

Acetoxypaeoniflorin 135 

Paeoniflorin 136-138  

Albiflorin (pinnae-type monoterpenes) 136,137 

Benzoylpaeoniflorin 136,137 

Hydroxypaeoniflorin 137 

Benzoylhydroxypaeoniflorin 137 

8-Debenzoylpaeoniflorin 118 

Lactiflorin 118 

Oxypaeoniflorin 118 

Paeoniflorigenone 118 

(Z)-(1S,5R)-β-Pinen-10-yl-β-vicianoside 118 

4-O-Methyloxypaeoniflorin 138 

4-O-Ethylpaeoniflorin 138 

Paeonidanin 138 

9-Ethyl-neo-paeoniaflorin A 138 

4-O-Methyl-paeoniflorin 108,138  

Paeonidanin I  139 

Paeonidanin J  139 

Paeonidanin K (dimeric monoterpene glycoside) 139 

Galloylpaeoniflorin 140 

Oxypaeoniflorin 140 

Monoterpenes 

Paeonisothujone 137 

Paeoveitol A 141 

Paeoveitol B 141 

Paeoveitol C 141 

Triterpenes 

Akebonic acid 142 

(3β,4β,11α,12α,13β)-11,12-Epoxy-4,13-dihydroxy-3,23-(isopropylidenedioxy)-

24,30-dinorolean-20(29)-en-28-oic acid 28,13-lactone 
142 

(3β,4β,11ɑ,12α,13β)-11,12-Epoxy-3,13-dihydroxy-4,23-(isopropylidenedioxy)-

24,30-dinorolean-20(29)-en-28-oic acid 28,13-lactone 
142 

(3β,4α,11α,12α,13β)-11,12-Epoxy-13-hydroxy-3,23-isopropylidenedioxy-30-

norolean-20(29)-en-28-oic acid 28,13-lactone 
142 

(3β,4β)-4-Hydroxy-3,23-(isopropylidenedioxy)-24,30-dinorolean-12,20(29)-

dien-28-oic acid 
142 

Mudanpinoic acid A 137 

β-Sitosterol 118 

24,30-

Dinortriterpenoids 

Paeonenoide A 142 

Paeonenoide B 142 

Paeonenoide C 142 

Norditerpenes (±)-Paeoveitol 143 

Phytosterol Daucosterol (β-sitosterol glucoside) 118 

Flavonoids Catechin 136,140 

Hydrolysable 

tannins 
Tellimagrandin II (eugeniin) 118 

Carboxylic acids 
Gallic acid 136,144 

Benzoic acid 136,140 

Phenolic glycoside 2-O-[α-L-Arabinopyranosyl-(1→6)-β-D-glucopyranoside]-benzaldehyde 144 

Phenolic 

compounds 

 

Pentagalloylglucose  136,144 

Isosalicin 144 

Salicin 144 

Salicyl alcohol 144 

Methyl gallate 144 

Paeonol 144 

2-Hydroxybenzyl alcohol 137 

Polyphenols 1,2,3,6-tetra-O-galloyl-β-D-glucose  118 

Esters β-Sitosterol linoleate 140 
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Daucosterol linoleate 140 

Benzofurans 
Paeoveitol D 141 

Paeoveitol E 141 

Miscellaneous 

compounds 

Arbutin 140 

His(2-hydroxybenzyl) ether 137 

Flower 

petal 
Anthocyanin 

Cyanidin-3-O-glucoside-5-O-galactoside  145 

Pelargonidin-3-O-glucoside-5-O-galactoside 145 

 

Table S4. Secondary metabolites in Eriobotrya japonica. 

Part Class PSM References 

Leaf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Triterpenes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ursolic acid 146-155 

Euscaphic acid    146,147,149,150,152,155-157 

Maslinic acid 146,149,150,152,153,157,158 

Oleanolic acid 149,150, 152,153,155-157 

Corosolic acid   150,152-154,157-159 

3-O-cis-p-Coumaroyltormentic acid   150,154,157,160 

3-O-trans-p-Coumaroyltormentic acid 150,154,157,160 

2α-Hydroxyursolic acid 147-149  

Tormentic acid  152-154,158 

Methyl maslinate 146 

2α,3α-Diacetoxy-19α-hydroxyurs-12-en-28-oic acid 146 

Maslinic acid diacetate 146 

Methyl betulinate     150,152,157 

β-Sitosterol 154,161 

2α,3α,19α-Trihydroxyurs-12-en-28-oic acid   162,163 

Methyl ursolate   150,157 

δ-Oleanolic acid 150,157 

Betulinic acid    150,157 

2α,3α,19α-Trihydroxyolean-12-en-28-oic acid   153,158 

2α,3α-Dihydroxyursolic acid 153,158 

3β,6α,19α-Trihydroxyurs-12-en-28-oic acid   147 

3,6,19-Trihydroxyurs-12-en-28-oic acid 164 

2,3-Dihydroxyurs-12-en-28-oic acid 164 

23-trans-p-CoumaroyItormentic acid 162 

23-cis-p-Coumaroyltormentic acid 162 

3-Ο-trans-Caffeoyltormentic acid 162 

3-Ο-trans-p-Coumarolyrotundic acid 162 

3β,6β,19α-Trihydroxyurs-12-en-28-oic acid 162 

2α,3β,19α,23-Tetrahydroxyurs-12-en-28-oic acid 162 

3-O-trans-Feruloyl euscaphic acid    165 

Pomolic acid 149 

2α,3α,19α-Trihydroxy-12-oleanen-28-oic acid  156 

2α-Hydroxyoleanolic acid 156 

Methyl arjunolate 150 

2α, 3α,23-Trihydroxyolean-12-en-28-oic acid 150 

3-Epicorosolic acid 150 

1β-Hydroxyeuscaphic acid 150 

Usrolic acid lactone 150 

2β, 3β, 19α-Trihydroxyurs-12-en-28-oic acid 163 

Methyl corosolate, (methyl 2α-3α-dihydroxyurs-12-en-28-oate) 152 

Arjunolic acid 158 

Methyl 2α-hydroxyursolate 158 

Urs-12-en-28-oic acid,3-hydroxyl-methyl ester (3α) 166 

Squalene 166 

α-Hydroxyoleanolic acid 155 

Arjunic acid 155 

3α-trans-Feruloyloxy-2α-hydroxyurs-12-en-28-oic acid 161 
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3-O-trans-Feruloyleuscaphic acid 161 

Sesquiterpene 

glycosides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Loquatifolin A  167 

Nerolidol-3-Ο-α-L-rhamnopyranosyl-(1→2)-β-D-

glucopyranoside 
168 

Nerolidol-3-Ο-α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-β-D-glucopyranoside 
168 

Nerolidol-3-Ο-α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→6)-β-D-glucopyranoside 
168 

Isohumbertiol-3-Ο-{α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-{α-L-rhamnopyranosyl-(1→6)]}-β-D-

glucopyranoside 

169 

Isohumbertiol-3-Ο-{α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-{α-L-(4-trans-feruloyl)-

rhamnopyranosyl-(1→6)]}-β-D-glucopyranoside 

169 

Nerolidol-3-Ο-α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-[α-L-(4-trans-feruloyl)-

rhamnopyranosyl-(1→6)]-β-D-glucopyranoside 

169,170 

Nerolidol-3-O-α-L-rhamnopyranosyl-(1→6)-β-D-

glucopyranoside 
171 

Nerolidol-3-O-α-L-rhamnopyranosyl-(1→2)-[α-L-

rhamnopyranosyl-(1→6)]-β-D-glucopyranoside 
171 

β-Monocyclonerolidol-3-O-α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-[α-L-rhamnopyranosyl-(1→6)]-β-D-

glucopyranoside  

172 

Nerolidol-3-O-α-L-rhamnopyranosyl-(1→4)-α-L-

rhamnopyranosyl-(1→2)-[α-L-rhamnopyranosyl-(1→6)]-β-D-

glucopyranoside   

163,168,170,173 

Sesquiterpenes 

(essential oil) 

α-Ylangene 174 

α-Farnesene 174 

β-Farnesene 174 

α-Cadinol 174 

α-Bisabolol 175 

Monoterpenenes 

(fenchane 

monoterpenoids) 

Vomifoliol  158 

Monoterpenenes 

(essential oils) 

β-Pinene 174 

Camphene 174 

β-Mycrene   174 

ρ-Cymene 174 

Linalool 174 

trans-Linalool oxide 174 

Camphor 174 

Nerol 174 

α-Pinene 175 

Limonene 175 

Flavonoids 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quercetin-3-rhamnoside  148 

Quercetin-3-sambubioside   148,160 

Kaempferol 3-O-rhamnoside 148,176 

Quercitrin 177 

Afzelin 177 

Procyandin B-2 178,179 

Procyanidin C-1 178,179 

Procyanidin oligomer 178,179 

(2S)- and (2R)-Naringenin    178 

8-C-α-L-Rhamnopyranosyl-(1→2)-β-D-glucopyranosides 178 

Cinchonain Id 7-O-β-D-glucopyranoside 178 

Cinchonain Ia 178 

(-)-Epicatechin 178 

cinchonain Ib 178 
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Cinchonain Ic 178 

Cinchonain Id 178 

Epicatechin-(4β→2)-phloroglucinol 178 

(-)-Epigallocatechin gallate 178 

Quercetin 3-Ο-sophoroside 178 

Cinchonain Id 7-O-glucopyranoside 179 

Cinchonain IIb 179 

(2S)-Naringenin 8-C-rha (1''→2')-glucopyranoside 179 

Kaempferol 3-O-α-L-(2'',4''-di-E-feruloyl)-rhamnoside 180 

Kaempferol 3-O-α-L-(2'',4''-di-Z-p-coumaroyl)-rhamnoside 180 

Kaempferol 3-O-α-L-(2'',4''-di-E-p-coumaroyl)-rhamnoside 180,181 

Quercetin 3-O-glucoside 176 

Quercetin 3-O-galactoside 176 

Kaempferol 3-O-glucoside 176 

Kaempferol 3-O-galactoside 176 

A kaempferol 3-O-dihexoside (probably the 3-O-sophoroside) 176 

Kaempferol 3-O-neohesperidoside 176 

Kaempferol 3-O-rutinoside 176 

Isorhamnetin 3-O-glucoside 176 

Isorhamnetin 3-O-galactoside 176 

Quercetin 3-O-rutinoside (rutin) 163,176 

Quercetin-3-O-β-D-glucoside 156 

Quercetin-7-α-L-rhamnoside 156 

Rhamnocitrin 158 

Quercetin-4’-O-β-D-galactoside 158 

Kaempferol-3-O-α-L-(3''-Z,4''-E-di-p-coumaroyl)-rhamnoside 181 

Kaempferol-3-O-α-L-(3'',4''-di-E-p-coumaroyl)-rhamnoside 181 

Kaempferol-3-O-α-L-(2''-E-feruloyl,4''-E-pcoumaroyl)-

rhamnoside 
181 

Kaempferol-3-O-α-L-(2''-E-p-coumaroyl,4''-E-feruloyl)-

rhamnoside 
181 

Naringenin-8-C-rhamnoglucoside 160 

Kaempferol 3-O-sophoroside 160 

Kaempferol 3-O-rhamnosyl glucoside-7-O-rhaminoside 160 

Quercetin 3-O-glucosylrhamnosyl-glucoside 160 

Cinchonain glucoside + (sodium) 160 

Ionone-derived 

glycosides 

Vomifoliol-9-Ο-β-D-glucopyranoside (roseoside) 169,182 

3-oxo-α-Ionyl-9-Ο-β-D-glucopyranoside 169 

3-oxo-a-Ionyl-9-Ο-β-D-apiofuranosyl-(1→6)-β-D-

glucopyranoside 
169 

Vomifoliol-9-Ο-β-D-apiofuranosyl-(1→6)-β-D-glucopyranoside 169 

(6S,9R)-Roseoside 179 

Glycosides 

Schaftoside (C-glycoside) 176 

Arbutin 182 

Amygdalin 183 

Phenylpropanoids 

Ferulic acid 170 

Phenylpropyl acid  163 

Chlorogenic acid 148 

Methyl chlorogenate 148 

Eugenyl β-rutinoside 158 

Megastigmane 

glycosides 

 

 

 

 

 

 

Eriojaposide B 161 

(6R,9R)-3-oxo-α-Ionyl-9-O-α-apiofuranosyl-(1''→6')-O-β-

glucopyranoside 
161 

Citroside A 161 

Eriojaposide A 160,161,179 

(6S,9R)-Vomifoliol-9-O-β-apiofuranosyl-(1''→6')-O-β-

glucopyranoside 
161,179 

(6S,9R)-Vomifoliol-9-O-β-xylopyranosyl-(1''→6')-O-β- 161,179 
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glucopyranoside 

(6R,9R)-3-oxo-α-Ionyl-9-O-β-glucopyranoside 161,179 

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one 9-O-β-D-

apiofuranosyl-(1→6)-β-D-glucopyranoside 
156 

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one 9-O-β-D-

xylopyranosyl-(1→6)-β-D-glucopyranoside 
156 

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one 9-O-α-L-

arabinopyranosy-(1→6)-β-D-glucopyranoside 
156 

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one 156 

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one 9-O-β-D-

glucopyranoside 
156 

(6R,7E,9S)-9-Hydroxy-4,7-megastigmadien-3-one 9-O-β-D-

gluco-pyranoside 
156 

(6S,7E,9R)-6,9-Dihydroxy-4,7-megastigmadien-3-one 156 

(6S,7E,9R)-6,9-Dihydroxy-4,7-megastigmadien-3-one 9-O-β-D-

glucopyranoside 
156 

Lignans 

Linguersinol 156 

2,6-Dimethoxy-4-(2-propenyl)phenol 156 

2,6-Dimethoxy-4-(2-propenyl)phenol 1-Ο-β-D-glucopyranoside 156 

Essential oils 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cis-β,γ-Hexenol 174 

Tartaric acid 174 

1-Pentene-3-ol  175 

(E)-3-Penten-2-one 175 

Toluene 175 

Furfural 175 

2-Methylbutene  175 

2-Hexenal 175 

Ethylbenzene 175 

1-Hexanol 175 

1,3-Dimethylbenzene 175 

3-Methyl-1-butyl acetate 175 

2,6-Lutidine 175 

1,4-Dimethylbenzene 175 

α, β-Angelica lactone 175 

Benzaldehyde 175 

6-Methyl-hept-5-en-2-one(methyl heptenone) 175 

2,4-Heptadienal 175 

4-Methyl-1-cyclohexene 175 

2-Hexenoic acid 175 

Benzyl alcohol 175 

2-Phenylacetaldehyde 175 

γ-Hexalactone 175 

3,7-Dimethyl-1,6-octadien-3-ol 175 

Nonanal 175 

Phenylethyl alcohol 175 

2,6,6-Trimethyl-2-cyclohexene-1,4-dione 175 

Hexanoic acid, 2-methyl-, ethyl ester 175 

Safranal 175 

Dihydrocoumarins 175 

(+)-Carvone 175 

2-Hexanoylfuran 175 

Geraniol 175 

4-Methoxybenzaldehyde 175 

Cinnamaldehyde 175 

Butenyl cyclohexene 175 

1-Methoxy-4-(2-propenyl)-benzene 175 

Indole 175 

2-Methoxy-4-vinylphenol 175 
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Geranic acid (pheromones) 175 

β-Damascone 175 

α-Ionone 175 

1,4-Dimethoxy-2,3-dimethylbenzene 175 

Geranylacetone 175 

β-Ionone 175 

β-Bisabolene 175 

2,6-Di-tert-butyl-4-methylphenol 175 

Dihydroactinidiolide 175 

Elemicin 175 

(E)-Nerolidol 175 

Caryophyllene 175 

Butyl benzoate 175 

2,6-Dimethoxy-4-(2-propenyl)-phenol 175 

Farnesol 175 

Farnesyl acetate 175 

Methyl benzoate 175 

2,3-Biphenyl-2-cyclopropene-1-one 175 

6,10,14-Trimethyl-2-pentadecanone 175 

Diisobutyl phthalate 175 

Palmitic acid ethyl ester 175 

9,12,15-Octadecatrien-1-ol,(Z,Z,Z)- 175 

Essential oils 

(aromatic 

compounds) 

Thymol 175 

Myristicin 175 

Esters 
Benzoic acid methyl ester 166 

Linoleic acid, ethyl ester 160 

Carboxylic acids Gallic acid 178 

Phenols Ellagic acid 178 

Miscellaneus 

compounds 

A-type dimeric procyanidin 160 

9-O-Apiosyl (1–6) glucoside 166 

Neophytadiene 166 

Dibenzofuran (phytoalexins) 176 

Flower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Triterpenes 

Ursolic acid 184-186 

Oleanolic acid 184-186 

2α,3α,19α-Trihydroxyurs-5,12-dien-28-acid 184 

2β,3β,23α-Trihydroxyolean-12-en-28-acid 184 

β-Sitosterol 186 

3β,19α-Trihydroxyursolic-4-aldehyde-12-en-28-acid 186 

β-Daucosteriol 186 

Maslinic acid 186 

2α-Hydroxyursolic acid 186 

Sesquiterpenes Nerolido 187 

Flavonoids 
Hesperetin 188 

Quercetin-3-Ο-α-L-galactoside 186 

Glycosides Amygdalin 183,185,189 

Phenols Gallic acid 188 

Aldehydes 

Hexadecanal 187 

Octadecanal 187 

p-Anisaldehyde 187,190 

Ketones 6, 10, 14-trimethyl-2-pentadecanone 187 

Esters 

 

 

 

 

 

 

4-Methoxy methylbenzoate 187 

4-Methoxy ethylbenzoate 187 

Phenyl ethyl octanoate 187 

Methyl hexadecanoate 187 

Methyl hexadecanoate 187 

Methyl linoleate 187 

3-Cyclopentylpropionic acid, decyl ester  190 
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Hexadecanoic acid, ethyl ester 190 

Phenylalanin, 4-amino-N-t-butyloxycarbonyl-, t-butyl ester 190 

Benzoic acid, 4-methoxy-, methyl ester 190 

Benzoic acid, 4-methoxy-, ethyl ester  190 

4-Methoxybenzoic acid, allyl ester 190 

Tridecanoic acid, 12-methyl-, methyl ester 190 

Dibutyl phthalate 190 

Geranyl isovalerate 190 

Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-pentylcyclopropyl) 

methyl]cyclopropyl] methyl ] cyclopropyl] methyl]-, methyl 

ester  

190 

Butyl octyl phthalate  190 

Benzyl butyl phthalate 190 

Hexadecanoic acid, ethyl ester 190 

Retinoic acid, methyl ester 190 

Linoleic acid ethyl ester 190 

1,2-Benzenedicarboxylic acid, butyl octyl ester 190 

Organic acids 

Quinic acid  191 

Tartaric acid 191 

Citric acid 191 

Oxalic acid 191 

cis-Aconitic acid 191 

Malic acid 191 

Miscellaneus 

compounds 

Butylated hydroxytoluene 187 

5,7,9(11)-Androstatriene,3-hydroxy-17-oxo-  190 

Benzoylformic acid   190 

NOPOL 190 

1,3-Dioxane,5-(hexadecyloxy)-2-pentadecyl- 190 

1-Hexadecanol, 2-methyl-  190 

5α-Cholestan-2-one,oxime  190 

Ethanone,1-(5,6,7,8-tetrahydro-2,8,8-trimethyl-4H-

cyclohepta[b]furan-5-yl)- 
190 

Tert-hexadecanethiol  190 

1-Chloroeicosane  190 

1-Eicosene  190 

Ethanol, 2-(octadecyloxy)-  190 

Androst-5,7-dien-3-ol-17-one 190 

Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-

yl)-   
190 

9-Octadecene, 1-[2-(octadecyloxy)ethoxy]- 190 

Heptadecane, 9-hexyl-  190 

Benzoyl bromide  190 

Methyl N-(N-benzyloxycarbonyl-beta-l-aspartyl)-β-d-

glucosaminide  
190 

Phthalaldehydic acid 190 

Heptadecane, 1-bromo-  190 

5-Hydroxymethyl-1,1,4α-trimethyl-6 

methylenedecahydronaphthalen-2-ol 
190 

2-Bromotetradecanoic acid 190 

E-8-Methyl-9-tetradecen-1-ol acetate  190 

Octadecane, 3-ethyl-5-(2-ethylbutyl)-  190 

7-Methyl-Z-tetradecen-1-ol acetate  190 

Benz[e]azulene-3,8-dione,3α,4,6α,7,9,10,10α,10β-octahydro-

3α,10α-dihydroxy-5-(hydroxymethyl)-7-(1-hydroxy-1-methyl 

ethyl)-2,10-dimethyl- 

190 

1-Hexadecanol, 2-methyl- 190 

psi,.psi.-Carotene, 1,1',2,2'-tetrahydro-1,1'-dimethoxy- 190 

(22S)-21-Acetoxy-6α,11α-dihydroxy-16α,17α-

propylmethylenedioxypregna-1,4-diene-3,20-dione 
190 
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5,7,9(11)-Androstatriene, 3-hydroxy-17-oxo- 190 

Benzaldehyde  190 

3-Carene  190 

Pregn-4-en-18-oic acid,  

11-(acetyloxy)-6,7-epoxy-9,20-dihydroxy-3-one-γ-lactone 
190 

2-Hexadecanol  190 

Gibberellic acid 190 

Calarene epoxide 190 

3-Methoxymethoxy-2,2-dimethyloct-4-ene  190 

Octadecane, 3-ethyl-5-(2-ethylbutyl)-  190 

Pregn-4-ene-3,20-dione,17,21-dihydroxy-, bis(O-methyloxime) 190 

Bicyclo[4.3.0]nonane, 3-butyl-4-hexyl-  190 

l-(+)-Ascorbic acid 2,6-dihexadecanoate  190 

Ergosteryl acetate  190 

7αH-cyclopenta[α]cyclopropa[f]cycloundecene-2,4,7,7α,10,11-

hexol, 1,1α,2,3,4,4α,5,6,7,10,11,11ɑ-dodecahydro-1,1,3,6,9-

pentamethyl-,2,4,7,10,11-pentaacetate 

190 

Carotenoids 

Zeaxanthin 190 

Fucoxanthin  190 

Canthaxanthin 190 

Stem 

bark 

Triterpenes 

β-Sitosterol 192 

β-Sitosterol-3-O-β-D-glucopyranoside 192 

Oleanolic acid 192 

Flavonoids 
Catechin 192 

Cinchonain IIb 192 

lignans 
Lyoniresinol 192 

Lyoniresinol 2α-O-β-D-xylopyranoside 192 

Root Glycosides Amygdalin  183 

Seed 

Triterpenes β-Sitosterol 193 

Flavonoids 

Kaempferol 194 

Rutin 194 

Narigin 194 

Phenolic acids 

3,4-Dihydroxybenzoic acid 194 

trans-Cinnamic acid 194 

5-Cafeoylquinic acid  194 

p-Coumaric acid  194 

Phenylpropanoids 
Caffeic acid 195 

Chlorogenic acid 195 

Carboxylic acids Benzoic acid 195 

Fruit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Triterpenes 

 

Ursolic acid 196 

Oleanolic acid  196 

Glycosides Amygdalin 183 

Leucoanthocyanidi

n 
Loquatoside 197 

Organic acids 

Quinic acid  191 

Tartaric acid 191 

Citric acid 191,198 

Oxalic acid 191 

cis-Aconitic acid 191 

Malic acid 191,198 

Fumaric acid 198 

Succinic acid 198 

Phenolic 

compounds 

Ortho-diphenol 198 

Chlorogenic acid 199 

Neochlorogenic acid 199 

Hydroxybenzoic acid 199 

5-p-Feruloylquinic acid 199 

Protocatechuic acid 199 
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4-Caffeoylquinic acid 199 

Epicatechin 199 

O-Coumaric acid 199 

Ferulic acid 199 

p-Coumaric acid 199 

Carotenoids 

β-Carotene 198,200 

Neo-pcarotene U 200 

Neo-β-carotene B 200 

Cryptoxanthin 198 

Alcohols 

1-Propanol 201 

2-Methyl-1-propanol 201 

1-Butanol 201 

2-Methyl-2-butanol 201 

2-Pentanol 201 

3-Pentanol 201 

1-Penten-3-ol 201 

3-Penten-2-ol 201 

(Z)-2-Penten-1-ol 201 

1-Hexanol 201 

(E)-2-Hexen-1-ol 201 

(E)-3-Hexen-1-ol 201 

(Z)-3-Hexen-1-ol 201 

1-Heptanol 201 

1-Octanol 201 

2-Octanol 201 

1-Hexadecanol 201 

Citronelloll 201 

3,7-Dimethyl-1,5,7-octa-triene-3-ol (hotrienol) 201 

α-Terpineol  201 

Benzylalcohol 201 

2-Phenylethanol 201 

Carbonyls 

2-Pentanone  201 

Hexanal  201 

(E)-2-Hexenal   201 

2,4-Dimethyl-3-pentan-one 201 

2-Methyl-3-hexanone  201 

Octanal  201 

4-Octanone 201 

Nonanal  201 

Decanal  201 

Geranylacetone  201 

Benzaldehydea  201 

β-Ionone 201 

Acetophenone 201 

4-Methoxybenzaldehyde 201 

Esters 

Ethyl acetate  201 

Propylacetate  201 

Methyl 2-methylbutanoate 201 

Methyl dodecanoate 201 

Ethyl dodecanoate 201 

Methylethyl tetradecanoate 201 

Methyl (E)-cinnamate 201 

Ethyl ebcinnamate 201 

Dibutyl adipate 201 

Hydrocarbons 

 

o-Xylene 201 

m-Xylene 201 

p-Xylene 201 

Ethylbenzene 201 
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Naphthalene 201 

δ-3Carene 201 

p-Cymene 201 

Limonene 201 

(E)-Ocimene 201 

(Z)-Ocimene 201 

Carboxylic acids 
Benzoic acid 201 

Cinnamic acid 201 

Miscellaneous 

compounds 

δ-Octalactone 201 

N,N-Dimethyiformamide 201 

Dimethyldisulfide  201 
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