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Figure S1. 2D NMR of cashew leaves extracts in DMSO-d6 (26 °C, AVANCE 600 MHz): (a) COSY contour map. 

(b) Multiplicity-edited HSQC contour map color-coded to display different carbon-proton groups: red = −CH−/−CH3 and 

blue = –CH2– groups. 
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Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) 

FooDB IDg m/z [M − H]− Name and numbered structurea-d 
δ 1H / ppm, 

(multiplicity, J / Hz) 

13C / ppm 

HSQC H→C 

C-n HMBC 

H→C 
Reference 

FDB001980 195.0505 gluconic acid (1) δ 4.21 (d, 2.6, 1H-2)d nd (C-1)   

  

 

δ 4.09 (m, o, 1H-3)d 76.3 (C-2)  1 

  δ 3.55 (m, o, 1H-4) 73.1 (C-3) C-2  

  δ 3.74 (m, o, 1H-5) 73.6 (C-4)   

  δ 3.64 (m, o, 1H-6a)d 74.1 (C-5)   

  δ 3.79 (m, o, 1H-6b)d 65.2 (C-6)   

FDB004905 116.1512 valine δ 3.68 (m, o, 1H-2) nd (C-1)   

  

 

δ 2.27 (m, o, 1H-3) 62.4 (C-2)   

  δ 0.95 (d, 6.8, 3H-4a)d 31.9 (C-3) C-3 2 

  δ 0.98 (d, 6.8, 3H-4b)d 19.0 (C-4)   

FDB000899 116.1512 leucine δ 3.85 (m,1H-2) nd (C-1)  

3,4   

 

δ 1.77 (m,2H-3) 56.4 (C-2)  

  δ 1.80 (m, 1H-4) 41.9 (C-3)  

  δ1.03 (t, 7.3, 1H-5a) 25.0 (C-4)   

  δ 0.99 (m, 3H-5b) 24.4 (C-5)   



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered structure a-d 
δ 1H / ppm, 

(multiplicity, J  /Hz) 

δ13C / ppm  

HSQC H→C 

C-n HMBC 

H→C 
Reference 

FDB012535 146.1301 glutamic acid δ 3.83 (m, 1H-2)d 185.5 (C-1)  
5,6 

  

 

δ 2.00 (d, 4.1, 2H-3a)d 

 

59.9 (C-2)  

  δ 2.03 (d, 4.1, 2H-3b)d 

 

30.6 (C-3)   

  δ 2.40 (m, 2H-4)d 35.8 (C-4)   

FDB000446 180.1900 tyrosine    
7 

  

 

δ 3.90 (d, 5.9, 1H-3) 59.9 (C-3)  

  δ 7.03 (m, 1H-2)d 69.0 (C-2)   

  δ 6.99 (m, 2H-3a)d 39.1 (C-3)   

FDB008114 133.0129 malic acid (3)  nd (C-1 e C-4)   

  

 

27 (m, 1H-2)d 69.0 (C-2)   

  δ 2.88 (m, 2H-3a)d 39.1 (C-3)  3 

      

 



 

Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered 

structure a-d 

δ 1H / ppm, 

(multiplicity, J  /Hz) 

δ13C / ppm 

HSQC H→C 

C-n HMBC 

H→C 
Reference 

FDB003991 173.0441 
shikimic acid (3) 

δ 6.55 (m, o, 1H-3)d 
168.3 (C-1) 

 
 

  

 

δ 4.19 (bs, 1H-4)d 136.2 (C-2)  

  δ 3.77 (m, o, 1H-5) 138.3 (C-3)  

2,8 

  δ 3.79 (m, o, 1H-6)d 69.4 (C-4)  

  δ 2.40 (m, 1H-7a)d 66.9 (C-5)  

  δ 1.98 (m, 1H-7b)d 
67.8 (C-6) 

30.3 (C-7) 
 

FDB012586 191.0183 citric acid (5)  nd (C-1,5,6)   

  

 

δ 2.72 (m, o, 2H-2a) 48.9 (C-2)  3 

  δ 2.53 (m, o, 2H-2b) 77.8 (C-3)   

      

FDB008299 59.0000 
acetic acid 

    

  

 

δ 1.90 (s, 3H-2) 
178.1 (C-1) 

24.7 (C-2) 
C-1  



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg m/z [M − H]− 
Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J  /Hz) 

δ13C / ppm 

 HSQC H→C 

C-n HMBC 

H→C 
Reference 

  flavonol skeleton ring A    

   δ 6.19 (m, o, 1H-6) 163.0 (C-5)   

  

 

δ 6.40 (m, o, 1H-8) 97.3 (C-6)   

   166.8 (C-7)   

  Ring C    

  - 145.8 (C-2)   

  - 134.2 (C-3)   
  - 173.9 (C-4)   

FDB011904 301.0328 quercetin (24) 

 

 

 

Ring B   
 

  

 

δ 6.67 (m, o, 1H-5’) 126.1 (C-1’)  

   115.9 (C-2’)   

  δ 6.94 (m, o, 1H-5’) 145.3 (C-3’)  9 

  δ 7.68 (d, 2.0, 1H-6’) 146.5 (C-4’)   

   116.1 (C-5’)   

    126.1 (C-6’)   

 

 

 



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − H]− Name and numbered  

structure a-d 

δ 1H / ppm, 

(multiplicity, J / Hz) 

δ 13C / ppm 

HSQC 

H→C 

C-n HMBC 

H→C 
Reference 

FDB011884 447.0898 quercetin-3-O-rhamnoside (30) rhamnosyl unit    

  

 

δ 5.18 (d, 3.8, 1H-1’’)d 102.1 (C-1’’)   

  δ 3.81 (m, o, 2H-2”)d 76.1 (C-2’’)  10 

  δ 3.75 (m, o, 2H-3”) 73.2 (C-3’’)   

  δ 3.78 (m, o, 2H-4’’) 73.0 (C-4’’)   

  δ 3.73 (m, o, 2H-5’’) 75.3 (C-5’’)   

      

 615.0959 quercetin-3-O-(6-O-galloyl)-glucoside (25) hexosyl unit  

 
  

 

δ 5.25 (d, 3.7, 1H-1’’’) 104.1 (C-1’’) 

  δ 3.81 (dd, 3.5 and 1.5, 2H-2’’’) 75.1 (C-2’’) 

  δ 3.75 (m, 2H-3’’’) 72.2 (C-3’’)  11 

   δ 3.71 (m, 2H-4’’’) 73.3 (C-4’’)   

  δ 3.70 (m, 2H-5’’’) 74.1 (C-5’’)   

  δ 4.31 (m, 1H-6a”’) 75.2 (C-6’’)   

  δ 3.76 (m, 1H-6b”’)    



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J  /Hz) 

δ 13C / ppm 

HSQC 

H→C 

C-n HMBC 

H→C 
Reference 

   galloyl unit 167.9 (C-1”’)   

   
δ 6.90 (s, 1H-3’’’ and 7”’) 

120.3 (C-2”’)   

   108.3 (C-3”’ and 7”’)   

    146.5(C-4’’’and C6’’’)   

    140.2 (C-5’’’)   

FDB000633 285.0399 kaempferol (29) Ring B   

 

 

 
  

 

 

δ 7.96 (d, 8.8, 2H-2’,6’)d 123.3 (C-1’)   

   128.3 (C-2’,6’)   

   156.1 (C-4’)   

   115.4 (C-3’,5’)   

FDB004135 447.0990 kaempferol-3-O-hexoside Hexosyl unit – Ring D    

  

 

δ 4.90 (d, 3.5, 1H-1’’) 92.6 (C-1”)  12 

  δ 3.55 (m, 2H-2’’) 75.6 (C-2”)   

  δ 3.51 (m, 2H-3’’) 77.6 (C-3”)   

  δ 3.43 (m, 2H-4’’) 72.6 (C-4”)   

  δ 3.55 (m, 2H-5’’) 77.6 (C-5”)   



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.). 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J / Hz) 

δ 13C / ppm  

HSQC 

H→C 

C-n HMBC 

H→C 
Reference 

  599.1037 cyanidin-3-O-(2’’galloyl)-galactoside (34) δ 3.69 (m, 2H-6’’) 69.6 (C-6”)   

  

 

 

Ring A 167.1 (C-2)   

 

13,14 

  δ 6.55 (s, o, H-4) 145.8 (C-3) C-10, C-3 

   138.0 (C-4)  

  Ring B 170.3 (C-7)   

  δ 6.23 (m, o, H-6) 98.0 (C-8)   

  δ 6.19 (m, o, 2.0, H-8) 157.8 (C-9)   

   114.2 (C-10)   

  Ring C 123.1 (C-1’)   

  δ 7.61 (m, o, H-2’) 118.1 (C-2’)   

  δ 7.66 (8.7 Hz, H-5’) 146.4 (C-3’)   

  δ 7.61 (m, o, H-2’) 145.1 (C-4’)   

  

 

Galloyl unit - Ring D 128.3 (C-5’) C-4’,C-5’  

  δ 6.67 (s, 1H-2’’ and 6’’) 116.3 (C-6’)   

  Galloyl unit - Ring D    

  δ 6.67 (s, 1H-2’’ and 6’’) 167.1 (C-1”)   

 



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg m/z [M − H]− 
Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J / Hz) 

δ 13C / ppm 

HSQC 

H→C 

C-n HMBC 

H→C 
Reference 

  

 

 108.7 (C-2”and 6”)   

   146.5 (C-3” and C-5”)   

  hexosyl unit - ring E 140.2 (C-4”)   

  δ 6.19 (d, 3.5, 1H-1”’) 99.0 (C-1”’)   

  δ 4.90 (d, 3.5, 1H-2”’) 74.4 (C-2”’)   

  δ 3.63 (m, 2H-3”’) 73.2 (C-3”’)   

  δ 3.61 (m, 2H-4”’) 71.3 (C-4”’)   

  δ 3.57 (m, o, 2H-5”’) 79.5 (C-5”’)   

  δ 3.53 (m, o. 2H-6’”) 69.5 (C-6”’)   

FDB002571 289.0716 cathechin (14)     

  

 

Ring C   

   δ 4.81 (br s, H-2) 90.1 (C-2)  

  δ 4.86 (d, 3.6 Hz, H-3) 65.6 (C-3)  

  δ 2.82 (d, 3.6 Hz, H-4) 28.4 (C-4)  15 

  Ring A    

   159.0 (C-5)   



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J / Hz) 

δ 13C / ppm 

HSQC H→C 

C-n HMBC 

H→C 
Reference 

  

 

δ 5.88 (d, 2.4 Hz, H-6) 95.0 (C-6)   

   158.4 (C-7)   

  δ 5.68 (d, 2.4 Hz, H-8) 95.6 (C-8)   

   157.3 (C-8a)   

   101.0 (C-5a)   

  Ring B    

   129.6 (C-1’)   

  δ 6.80 (d, 1.6, 1H-2’) 115.0 (C-2’)   

   146.8 (C-3’)   

   145.3 (C-4’)   

  δ 6.75 (d, 8.0, 1H-5’) 116.8 (C-5’)   

   δ 6.70 (d, 8.0, 1.6, 1H-6’) 121.3 (C-6’)   

 

 

 

 

 



Table S1. 1H (600 MHz) and 13C chemical shifts (150 MHz), coupling constants, multiplicity, and long-range heteronuclear 1H-13C HMBC correlations for the 18 cashew clone’s 

metabolites (25 °C, DMSO-d6) (cont.) 

FooDB IDg 
m/z [M − 

H]− 

Name and numbered 

structurea-d 

δ 1H / ppm, 

(multiplicity, J / Hz) 

δ 13C / ppm 

HSQC H→C 

C-n HMBC 

H→C 

Reference 

FDB012858 281.2495 oleic acid     

   

 

δ 2.27 (m, 2H-2)d 34.2 (C-2)  

16,17 

  δ 1.94 (m, o, 2H-3)d 27.9 (C-3)  

  δ 1.47 (m, o, 2H-4)d 25.4 (C-4)  

  δ 1.29 (m, o, 2H-5) 29.9 (C-5)  

  δ1.28 (m, o, 2H-6) 29.9 (C-6)  

  δ 1.30(m, o, 2H-7) 29.9 (C-7)   

  δ 1.94 (m, o, 2H-8,11) 27.1 (C-8,11)   

  δ 5.29 (m, o, 2H-9,10) 130.2 (C-9,10)   

  δ 1.29 (m, o, 2H-12) 31.6 (C-12)   

  δ 1.30 (m, o, 2H-13) 28.9 (C-13)   

   δ 1.33 (m, o, 2H-14) 28.5 (C-14)   

   δ 1.26 (m, o, 2H-15) 29.3 (C-15)   

   δ 1.23 (m, 2H-16) 22.7 (C-16) 

 

 

  

   δ 0.79 (t, 6.8, 3H-18) 14.9 (C-17) 

 

 

  

aMultiplicity types: s (singlet), broad singlet (bs), d (doublet), t (triplet), q (quartet), h (heptet), m (multiplet); bNotes: (o) for overlapping, (nd) for non-detectable signal.  

cAll chemical shifts (δ) were assigned to carbon-13 (13C) and (1H) proton data using (1H-13C)-HSQC multiplicity editing and (1H-13C) HMBC experiments. dFor some 

sets of (1H) protons the assignment was performed using (1H-1H)-COSY experiments. eThe chemical shift used in the metabolomic study is highlighted in bold. fThe 

spectroscopic data of amino acids, catechin and quercetin were compared with analytical standards. gFooDB ID code obtained from reference 18. The number in 

parentheses-reported in the Name and numbered structure column-corresponds to the annotation number for that substance in Table 2 (mass spectrometry data, in the 

article).



 

 

Figure S2. Three-dimensional PCA score plot (PC1 vs. PC2 vs. PC3) displaying the clustering of cashew genotypes 

based on metabolomic profiles associated with resistance to black mold (P. anacardii). Genotypes BRS 226 

(intermediary resistance), BRS 265 (resistant), and susceptible genotypes CCP 76 and BRS 189 are distinctly grouped. 

Score chart comparing the quality control samples (QCs) with the samples of dwarf cashew genotypes. Hotelling's T² 

ellipse (95% confidence interval). 

 



 

Figure S3. Permutation tests for the OPLS-DA models presented in Figure 4, validating the discrimination of 

resistant (BRS 265), susceptible 1 (CCP 76), susceptible 2 (BRS 189), and intermediate (BRS 226) dwarf cashew 

genotypes under black mold stress. 

  



 

 

 

 

Figure S4. Variable Importance in Projection (VIP) scores and Loading Plot from the OPLS-DA models shown 

in Figure 4, highlighting the metabolites contributing to the discrimination of resistant (BRS 265), susceptible 1 

(CCP 76), susceptible 2 (BRS 189), and intermediate (BRS 226) dwarf cashew genotypes under black mold 

stress. 

 

References 

 

1. Koso, T.; Rico del Cerro, D.; Heikkinen, S.; Nypelö, T.; Buffiere, J.; Perea-Buceta, J. E.; Potthast, A.; Rosenau, T.; 

Heikkinen, H.; Maaheimo, H.; Isogai, A.; Kilpeläinen, I.; King, A. W. T.; Cellulose 2020, 27, 7929. [Crossref] 

2. Sciubba, F.; Capuani, G.; Di Cocco, M. E.; Avanzato, D.; Delfini, M.; Food Res. Int. 2014, 62, 66. [Crossref] 

3. K. F. Leite, A.; Fonteles, T. V.; B. A. R. Miguel, T.; Silvestre da Silva, G.; Sousa de Brito, E.; Alves Filho, E. G.; 

Fernandes, F. A. N.; Rodrigues, S.; Food Res. Int. 2021, 147. [Crossref] 

4. Carvalho, D. V.; Silva, L. M. A.; Alves Filho, E. G.; Santos, F. A.; de Lima, R. P.; Viana, A. F. S. C.; Nunes, P. I. 

G.; Fonseca, S. G. D. C.; de Melo, T. S.; Viana, D. D. A.; Gallão, M. I.; de Brito, E. S.; Food Funct. 2019, 10, 1671. 

[Crossref] 

5. Jafari, T.; Durian, G.; Rahikainen, M.; Kortesniemi, M.; Kangasjärvi, S.; Sinkkonen, J.; Phytochem. Lett. 2017, 22, 

13. [Crossref] 

6. Ambroselli, D.; Masciulli, F.; Romano, E.; Guerrini, R.; Ingallina, C.; Spano, M.; Mannina, L.; Foods 2024, 13, 

1642. [Crossref] 

7. Kim, H. K.; Choi, Y. H.; Verpoorte, R.; Nat. Protoc. 2010, 5, 536. [Crossref] 

8. Al-Majmaie, S.; Nahar, L.; Sharples, G. P.; Wadi, K.; Sarker, S. D.; Rec. Nat. Prod. 2019, 13, 64. [Crossref] 

9. Ren, G.; Hou, J.; Fang, Q.; Sun, H.; Liu, X.; Zhang, L.; Wang, P. G.; Glycoconjugate J. 2012, 29, 425. [Crossref] 

 

https://link.springer.com/article/10.1007/s10570-020-03317-0
https://doi.org/10.1016/j.foodres.2014.02.039
https://doi.org/10.1039/C8FO01575A
https://doi.org/10.1016/j.phytol.2017.07.015
https://doi.org/10.3390/foods13111642
https://www.nature.com/articles/nprot.2009.237
http://dx.doi.org/10.25135/rnp.74.18.03.250
https://link.springer.com/article/10.1007/s10719-012-9410-5


 

10. Plekratoke, K.; Waiwut, P.; Yenjai, C.; Monthakantirat, O.; Takomthong, P.; Nualkaew, N.; Awale, S.; Chulikhit, 

Y.; Daodee, S.; Khamphukdee, C.; Boonyarat, C.; Biomed. Sci. Clin. Med. 2023, 62, 1. [Link] accessed in October 

2025 

11. Collins, F. W.; Bohm, B. A.; Wilkins, C. K.; Phytochemistry 1975, 14, 1099. [Crossref] 

12. Kim, H. Y.; Moon, B. H.; Lee, H. J.; Choi, D. H.; J. Ethnopharmacol. 2004, 93, 227. [Crossref] 

13. Andersen, Ø. M.; Fossen, T.; Curr. Protoc. 2003, 9. [Crossref] 

14. Kirby, C. W.; Wu, T.; Tsao, R.; McCallum, J. L.; Phytochemistry 2013, 94, 284. [Crossref] 

15. de Aquino Gondim, T.; Guedes, J. A. C.; de Godoy Alves Filho, E.; da Silva, G. S.; Nina, N. V. S.; do Nascimento 

Filho, F. J.; Atroch, A. L.; da Silva, G. F.; Lopes, G. S.; Zocolo, G. J.; Anal. Methods 2023, 16, 1158. [Crossref] 

16. Akita, C.; Kawaguchi, T.; Kaneko, F.; Yamamoto, H.; Suzuki, M.; J. Phys. Chem. B 2004, 108, 4862. [Crossref] 

17. Noleto‐Dias, C.; Farag, M. A.; Porzel, A.; Tavares, J. F.; Wessjohann, L. A.; Phytochem. Anal. 2024, 35, 445. 

[Crossref] 

18. Food Database (FOODB). [Link] accessed in November 2025 

 

 

https://www.researchgate.net/profile/Pitchayakarn-Takomthong-2/publication/381407329_Multi-Target_Actions_of_Flavonoid_Derivatives_from_Mesua_ferrea_Linn_Flower_against_Alzheimer's_disease_Pathogenesis_Open_Access/links/666be927a54c5f0b9464ea21/Multi-Target-Actions-of-Flavonoid-Derivatives-from-Mesua-ferrea-Linn-Flower-against-Alzheimers-disease-Pathogenesis-Open-Access.pdf
https://doi.org/10.1016/0031-9422(75)85195-8
https://doi.org/10.1016/j.jep.2004.03.047
https://doi.org/10.1002/0471142913.faf0104s09
https://doi.org/10.1016/j.phytochem.2013.06.017
https://link.springer.com/article/10.1007/s13205-025-04222-8
https://doi.org/10.1021/jp037326p
https://doi.org/10.1002/pca.3300
https://foodb.ca/compounds/

