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Supplementary materials 28 

Table S1. List of compounds identified in the Satureja montana aqueous extract by untargeted GC- 29 

HRMS. The table includes only features with high-confidence identifications (Total Score > 90) and 30 

background-subtracted signals. For each compound, the calculated molecular weight, retention 31 

time (RT), reference m/z, average total ion current (TIC), molecular formula (as matched with NIST 32 

library), theoretical and observed molecular masses, spectral matching scores (Total Score, HRF 33 

Score, SI), and group-specific peak areas are reported. Peak areas correspond to injections of Satureja 34 

montana (SM) and Satureja montana after treatment and filtration (SM-TF). The Peak Rating column 35 

indicates the library match quality on a scale from 1 to 10. 36 

Name 
RT 

[min] 
Avg TIC 

NIST Lib Hit 

Formula 

NIST  

Theo. 

Mol. 

Mass 

NIST  

Observed 

Mol. Mass 

Total 

Score 

HRF 

Score 
SI SM  

Peak 

Rating 

(Max.) 

(-)-10-Camphorsulfonyl 

chloride 
24.32 7832076 C10 H15 Cl O3 S 250.0425  92 99.6 607 1690690 10 
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(-)-R-Phenethanamine, 

1-methyl-N-vanillyl- 
24.37 346648 C17 H21 N O2 271.1567  95.3 100 765 157065 7.5 

(+)-2-Bornanone 16.68 3290722 C10 H16 O 152.1196 152.1195 96.4 100 818 4695939 10 

(+)-4-Carene 13.05 99994719 
C10 H16 136.1247 

136.1246 97.2 99.8 863 3.08E+08 10 

(+)-4-Carene 15.03 37343743 136.1246 97.5 99.8 878 1.24E+08 10 

(1R,7S,E)-7-Isopropyl-

4,10-dimethylenecy-

clodec-5-enol 

26.44 4465776 

C15 H24 O 220.1822 

 93.5 99 695 970506 10 

(1R,7S,E)-7-Isopropyl-

4,10-dimethylenecy-

clodec-5-enol 

26.66 8624626  95.4 99.5 777 278876 7.5 

(1R,7S,E)-7-Isopropyl-

4,10-dimethylenecy-

clodec-5-enol 

26.81 6000373  93.3 96.9 727 205246 7.5 

(2R,4R)-4-Methyl-2-(2-

methylprop-1-en-1-

yl)tetrahydro-2H-pyran 

15.71 169812 C10 H18 O 154.1352 154.1352 91.8 90.4 783 590.5 10 

(3R,6R)-3-Hydroperoxy-

3-methyl-6-(prop-1-en-2-

yl)cyclohex-1-ene 

30.12 1163090 C10 H16 O2 168.1145  92.1 98.9 625 78973 10 

(E)-1-(2,3,6-trimethyl-

phenyl)buta-1,3-diene 

(TPB, 1) 

22.82 661569 C13 H16 172.1247 172.1246 94.3 94.1 831 195305 10 

(E)-1-(4-Hydroxy-3-

methoxyphenyl)hexa-

dec-3-en-5-one 

24.39 809765 C23 H36 O3 360.2659  91 96 627 337828 7.5 

1-(2,3-Dime-

thylphenyl)ethanone 
19.07 1432233 C10 H12 O 148.0883 148.0886 95 99.2 767 1030816 10 

1-(p-Toluidino)-1-

deoxy-β-d-idopyranose 
24.38 1849499 C13 H19 N O5 269.1258  93.1 98.8 679 20352 10 

1, 1, 5-Trimethyl-1, 2-di-

hydronaphthalene 
21.7 675419 C13 H16 172.1247 172.1246 96.8 97.1 899 203670 10 

1,1-Diethyl-1,2,3,4-tetra-

hydronaphthalene 
21.12 182684 C14 H20 188.156  94.8 100 738 590.5 10 

1,2-Benzenediol, O-(4-

ethylbenzoyl)-O'-pro-

pargyloxycarbonyl- 

18.93 7207512 C19 H16 O5 324.0992  96 98.6 828 38885427 10 

1,2-Benzenediol, O,O'-

di(4-butylbenzoyl)- 
25.83 316108 

C28 H30 O4 

430.2139  95.4 96 848 144996 7.5 

1,2-Benzenediol, O,O'-

di(4-butylbenzoyl)- 
26.51 225044 430.2139  92.4 92.2 772 169464 5 

1,2-Cyclohexanediol 10.31 156142 C6 H12 O2 116.0832  93.7 100 686 590.5 10 
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1,3-Cyclohexadiene, 5-

butyl- 
13.47 5670893 C10 H16 136.1247 136.1246 92.1 100 606 44491606 10 

1,6-Octadiene, 8-meth-

oxy- 
15.42 12176554 C9 H16 O 140.1196  92 100 600 2466961 10 

11,12-Dioxatetracy-

clo[4.3.1.1(3,10).1(2,5)]do

decane 

22.33 2318509 C10 H14 O2 166.0988  91.1 97.3 609 73370 10 

11-Oxatetracy-

clo[5.3.2.0(2,7).0(2,8)]do-

decan-9-one 

24.42 8965041 C11 H14 O2 178.0988 178.0988 91.9 98.8 618 179348 10 

1-Adamantanecarbox-

ylic acid, 3-phenyl-2-

propenyl ester 

17.69 8431296 C20 H24 O2 296.1771  92.7 99.9 637 15356941 10 

1-Cyclohexene-1-carbox-

aldehyde, 2,6,6-trime-

thyl- 

16.52 2643016 C10 H16 O 152.1196 152.1198 95.2 100 759 2291016 10 

1H-1,2,3,4-Tetrazole-1-

propanoic acid, 2-(4-

fluorophenyl)-2-ox-

oethyl ester 

24.31 336930 C12 H11 F N4 O3 278.081  97 97.5 899 129787 7.5 

1H-Indene, 2,3-dihydro-

1,1,5,6-tetramethyl- 
17.27 1161807 

C13 H18 174.1403 

174.1403 94.5 95.2 817 7057297 10 

1H-Indene, 2,3-dihydro-

1,1,5,6-tetramethyl- 
20.9 997626 174.1403 96 98.4 831 61564 10 

1H-Indene, 2,3-dihydro-

1,1,5,6-tetramethyl- 
21.54 3493691 174.1403 96.9 99.3 859 311843 10 

1-Octen-3-ol 11.97 28277298 C8 H16 O 128.1196  95.2 99.9 764 1.16E+08 10 

1-Oxaspiro[4.5]dec-6-

ene, 2,6,10,10-tetrame-

thyl- 

20.46 1204388 

C13 H22 O 194.1665 

 94.6 100 728 590.5 10 

1-Oxaspiro[4.5]dec-6-

ene, 2,6,10,10-tetrame-

thyl- 

20.83 1405544  95 99.6 759 59301 10 

1-Propene, 3,3'-oxybis- 7.79 197081 C6 H10 O 98.07262  93.6 99.6 686 822883 7.5 

1-Tridecyn-4-ol 7.78 218216 C13 H24 O 196.1822  93 99.8 655 1061640 7.5 

1-Trifluoroacetoxy-10-

undecene 
14.66 11040534 C13 H21 F3 O2 266.1488  90.1 94.8 607 2471885 10 

2(4H)-Benzofuranone, 

5,6,7,7a-tetrahydro-

4,4,7a-trimethyl- 

25.05 4289360 C11 H16 O2 180.1145 180.1144 97.2 99.9 862 1072251 7.5 

2,3-Butanediol, [S-

(R*,R*)]- 
5.55 202927 C4 H10 O2 90.06753  98.1 99.8 906 590.5 2.5 
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2,3-Butanediol, [S-

(R*,R*)]- 
5.9 186871  99.1 100 953 176301 7.5 

2,4,6-Cycloheptatrien-1-

one, 2-hydroxy- 
17.25 8410760 C7 H6 O2 122.0362 122.0362 96.1 99.8 810 44840878 10 

2',4'-Dihydroxy-3'-

methylbutyrophenone 
22.91 184329 C11 H14 O3 194.0938 194.0937 91.7 95.1 683 590.5 10 

2,4-Heptadienal, (E,E)- 12.47 1453138 C7 H10 O 110.0726 110.0727 94.7 99.8 738 1955883 10 

2,5-Furandione, dihy-

dro-3-methyl- 
9.71 338810 C5 H6 O3 114.0312  95.1 100 753 590.5 7.5 

2,5-Pyrrolidinedione, 1-

[(3,4-dimethylben-

zoyl)oxy]- 

26.14 661359 C13 H13 N O4 247.0839  95.1 98.7 782 47468 10 

2,6-Nonadienal, (E,Z)- 16.81 506196 C9 H14 O 138.1039  91.4 97.8 612 590.5 10 

2,7-Nonadien-5-one, 4,6-

dimethyl- 
24.34 239889 C11 H18 O 166.1352  92.8 97 698 244656 10 

2-Acetoxymesitylene 25.34 389589 C11 H14 O2 178.0988  93.1 100 656 138355 7.5 

2-Buten-1-one, 1-(2,6,6-

trimethyl-1,3-cyclohexa-

dien-1-yl)-, (E)- 

22.21 3813503 C13 H18 O 190.1352 190.1352 93.3 97 726 98107 5 

2-Cyclohexen-1-ol, 3-me-

thyl-6-(1-methylethyl)- 
18.28 2569518 C10 H18 O 154.1352  94.9 99.9 747 814172 7.5 

2H-1-Benzopyran, 

3,4,4a,5,6,8a-hexahydro-

2,5,5,8a-tetramethyl-, 

(2α,4aα,8aα)- 

20.22 
254438685

1 

C13 H22 O 194.1665 

194.1667 97.1 99.9 858 17721606 10 

2H-1-Benzopyran, 

3,4,4a,5,6,8a-hexahydro-

2,5,5,8a-tetramethyl-, 

(2α,4aα,8aα)- 

21.1 22090284 194.1667 95.7 100 786 15412 10 

2H-Pyran-2-one, 4,6-di-

methyl- 
17.7 7230368 C7 H8 O2 124.0519 124.0519 93.7 99.9 686 1032637 10 

2'-Hydroxy-4',5'-dime-

thylacetophenone 
16.81 217163 C10 H12 O2 164.0832 164.0832 94.3 99.6 722 21828 2.5 

2-Methyl-3,5-dinitro-

phenyl β-phenylpropio-

nate 

22.97 514044 C16 H14 N2 O6 330.0846  92.8 98.4 670 126684 5 

2-Methyl-5-(propan-2-

ylidene)cyclohexane-1,4-

diol 

20.78 294723 C10 H18 O2 170.1301  92.3 99 636 1483519 10 

2-Naphthalenol, 

1,2,3,4,4a,5,6,7-octahy-

dro-2,5,5-trimethyl- 

22.75 54867978 C13 H22 O 194.1665  94.7 99.9 735 1390848 10 
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2-Oxatricy-

clo[3.3.1.1(3,7)]decane, 1-

methyl- 

16.78 219818 C10 H16 O 152.1196 152.1198 92.6 98.5 661 268896 7.5 

2-Oxepanone, 4-methyl- 14.64 15760355 C7 H12 O2 128.0832  94.2 99.4 722 219116 7.5 

2-Pentene, 1-ethoxy-4-

methyl-, (Z)- 
14.9 1698430 C8 H16 O 128.1196  94.9 99.8 746 1768899 10 

2-Pyrazoline-3-carbox-

ylic acid, 5-hydroxy-1-(4-

methylbenzoyl)-5-phe-

nyl-, methyl ester 

24.67 10110454 C19 H18 N2 O4 338.1261  92.4 100 619 5065833 10 

3(10)-Caren-4-ol, acetoa-

cetic acid ester 
22.04 13041833 C14 H20 O3 236.1407  92.6 99.7 635 14509902 10 

3-(2-Isopropyl-5-

methylphenyl)-2-

methylpropionic acid 

22.36 1172278 

C14 H20 O2 220.1458 

 91.5 96.7 638 98722 7.5 

3-(2-Isopropyl-5-

methylphenyl)-2-

methylpropionic acid 

25.95 2886280  92.6 98.7 658 1029137 10 

3-(tert-Butyl)-4-methox-

yphenyl acetate 
21.53 3818242 C13 H18 O3 222.1251  91.8 98.7 616 590.5 7.5 

3-Octanone 12.1 20400043 C8 H16 O 128.1196  95.7 100 782 5323114 10 

3-tert-Butyl-4-hydroxy-

anisole, acetate 
24.22 935657 C13 H18 O3 222.1251  94.5 98.4 758 4650742 10 

4-Acetoxy-3-methoxy-

acetophenone 
24.29 2608498 C11 H12 O4 208.073  93.6 94.8 783 24669935 10 

4-Ethylbenzoic acid, 

tridec-2-ynyl ester 
24.33 166793 C22 H32 O2 328.2397  95.6 100 777 496077 7.5 

4-Hydroxy-2,4,5-trime-

thyl-2,5-cyclohexadien-

1-one 

19.71 576946 C9 H12 O2 152.0832 152.0832 94.2 99.8 711 330904 7.5 

4-Hydroxy-2,6,6-trime-

thyl-3-oxocyclohexa-1,4-

dienecarbaldehyde 

19.85 6856667 

C10 H12 O3 180.0781 

180.078 92.4 99.9 621 82433 2.5 

4-Hydroxy-2,6,6-trime-

thyl-3-oxocyclohexa-1,4-

dienecarbaldehyde 

21.88 65163900 180.0781 94.9 99.9 745 98932 10 

4-Isopropyl-5,5-dime-

thyl-5H-furan-2-one 
24.17 1839516 C9 H14 O2 154.0988  92.7 100 635 1035989 10 

4-Methylbenzoic acid, 3-

pentyl ester 
17.21 352132 C13 H18 O2 206.1301  92.3 100 615 2218367 10 

5,7-Dimethyl-1,3-ada-

mantanediol 
20.83 242085 C12 H20 O2 196.1458  92.2 98.5 640 35805 7.5 
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5-Acetyl-4,6,6-trimethyl-

cyclohexa-2,4-dienone 
25.65 1916312 C11 H14 O2 178.0988 178.0988 92.9 99.8 645 12730 7.5 

5-Hepten-2-ol, 6-methyl- 12.37 3204024 C8 H16 O 128.1196  95.3 99.8 769 485881 10 

5-Isopropyl-2-methylbi-

cyclo[3.1.0]hexan-2-ol # 
17.56 653007901 C10 H18 O 154.1352 154.1353 96.1 100 802 3.52E+08 10 

6,10,14-Trimethyl-2-pen-

tadecanol, TMS deriva-

tive 

18.99 1476927 C21 H46 O Si 342.3312  90.4 92.4 671 328878 10 

6,8-Nonadien-2-one, 6-

methyl-5-(1-meth-

ylethylidene)- 

22.98 684681 

C13 H20 O 192.1509 

192.1508 93.2 99.5 669 590.5 10 

6,8-Nonadien-2-one, 6-

methyl-5-(1-meth-

ylethylidene)- 

23.3 27732850 192.1508 94.2 98.5 741 42480 10 

6-Hydroxy-4-methyl-

coumarin 
24.46 699063 C10 H8 O3 176.0468 176.0467 96.2 99.2 826 132428 7.5 

7-Methylenebicy-

clo[4.2.0]octane 
21.49 950929 C9 H14 122.109 122.1092 94.1 97.4 758 91110 7.5 

8,9-Dehydrothymol me-

thyl ether 
19.08 360941 C11 H14 O 162.1039 162.1039 95.4 98.1 805 588960 7.5 

8a-Methyl-5-methylene-

3-([(pyridin-2-ylmethyl)-

amino]-methyl)-decahy-

dro-naphtho[2,3-b]fu-

ran-2-one 

13.48 11803671 C21 H28 N2 O2 340.2145  92.4 100 619 47663839 10 

Alanine, N-methyl-N-

ethoxycarbonyl-, isobu-

tyl ester 

27.65 647625 C11 H21 N O4 231.1465  95.8 98.6 815 49205 7.5 

Ascaridole 19.02 1200727 C10 H16 O2 168.1145  92.9 98.8 667 929122 10 

Aspirin methyl ester 17.83 1923812 C10 H10 O4 194.0574  96.6 98.9 852 2660526 10 

Benzene, 1-(1-formyl-

ethyl)-4-(1-buten-3-yl)- 
19.52 897711 C13 H16 O 188.1196  94.8 99 758 85489 10 

Benzene, 1-ethenyl-4-

ethyl- 
15.23 11737598 C10 H12 132.0934 132.0934 97.2 99.7 862 47715340 10 

Benzene, 1-methyl-3-(1-

methylethenyl)- 
15.14 17661026 C10 H12 132.0934 132.0934 98 99.8 901 49655548 10 

Benzene, 2-methoxy-4-

methyl-1-(1-meth-

ylethyl)- 

18.74 11495142 C11 H16 O 164.1196 164.1195 97.5 99.9 877 590.5 10 

Benzene, 2-methoxy-4-

methyl-1-(1-meth-

ylethyl)- 

18.96 58346104 C11 H16 O 164.1196 164.1195 97.5 100 876 9724510 10 
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Benzeneacetic acid, 2-bu-

tyl ester 
11.08 1540939 C12 H16 O2 192.1145  92.9 100 643 590.5 7.5 

Benzofuran, 2,3-dihy-

dro- 
18.48 47205292 C8 H8 O 120.057 120.0569 96.8 99.9 843 2361969 10 

Benzoic acid, 2-formyl-, 

methyl ester 
21.9 22529268 C9 H8 O3 164.0468 164.0467 94.6 99 751 482158 10 

Benzoic acid, 4-ethoxy-, 

ethyl ester 
24.93 619083 C11 H14 O3 194.0938 194.0937 90.2 87.2 768 1420400 10 

Benzoic anhydride, 

4,4',6,6'-tetramethoxy-

2,2'-dimethyl- 

24.48 143140 C20 H22 O7 374.136  94.4 99.5 729 590.5 2.5 

Benzyl alcohol 13.58 181223 C7 H8 O 108.057 108.0569 97.9 98.8 917 954217 7.5 

Bicyclo[2.2.1]heptan-2-

ol, 1,7,7-trimethyl-, ace-

tate, (1S-endo)- 

20.1 82209313 C12 H20 O2 196.1458  97 100 849 175009 10 

Bicyclo[3.1.0]hex-2-ene, 

2-methyl-5-(1-meth-

ylethyl)- 

10.2 14288491 

C10 H16 136.1247 

136.1246 96.4 99.6 826 98709608 10 

Bicyclo[3.1.0]hex-2-ene, 

2-methyl-5-(1-meth-

ylethyl)- 

12.72 26183480 136.1246 93 92.9 791 87921904 10 

Bicyclo[3.1.0]hexan-2-ol, 

2-methyl-5-(1-meth-

ylethyl)-, (1α,2α,5α)- 

14.6 109760868 C10 H18 O 154.1352 154.1352 96.9 100 843 1.5E+08 10 

Bicyclo[3.1.0]hexane, 4-

methylene-1-(1-meth-

ylethyl)- 

11.7 8150588 C10 H16 136.1247 136.1246 96.7 99.1 851 661578 10 

Bicyclo[3.1.1]hept-2-en-

6-ol, 2,7,7-trimethyl-, ac-

etate, [1S-(1α,5α,6β)]- 

17.12 480969 C12 H18 O2 194.1301  92.8 100 637 33502 2.5 

Bicyclo[3.1.1]heptan-2-

one, 3,6,6-trimethyl- 
17.97 2913251 C10 H16 O 152.1196 152.1195 93.6 100 678 4120972 10 

Butanoic acid, 3-(1-phe-

nylethoxy)- 
24.4 737003 C12 H16 O3 208.1094  95.7 98.8 811 590.5 10 

Carvenone 19.47 4296281 C10 H16 O 152.1196 152.1195 95.2 100 761 9041219 10 

Carvone 19.11 163620393 C10 H14 O 150.1039 150.1039 93.4 95.3 762 1.82E+08 10 

Cinnamyl cinnamate 17.29 11870718 C18 H16 O2 264.1145  92.1 99.8 611 3571019 10 

Coumarin-6-carboxalde-

hyde 
27.38 3227758 C10 H6 O3 174.0312 174.0309 93.1 89.9 855 442516 10 

Cyclohexan-1-ethanol, 1-

hydroxymethyl- 
15.91 258498 C9 H18 O2 158.1301  90.1 94 626 89792 5 
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Cyclohexanecarboxylic 

acid, 2-methylphenyl es-

ter 

17.96 253463 C14 H18 O2 218.1301  91.4 90.6 755 1609117 10 

Cyclohexaneethanol, 2-

methylene- 
18.28 2203009 C9 H16 O 140.1196  93.5 99 697 590.5 10 

Cyclohexanol, 1-methyl-

4-(1-methylethylidene)-, 

acetate 

16.56 2421205 C12 H20 O2 196.1458  92.6 99.8 635 90809 5 

Cyclohexanol, 5-methyl-

2-(1-methylethyl)-, 

(1α,2β,5α)-(±)- 

17.47 190455993 C10 H20 O 156.1509  91.8 93 729 3.38E+08 10 

Cyclopentaneacetic acid, 

3-oxo-2-pentyl-, methyl 

ester 

26.5 988472 C13 H22 O3 226.1564  91.6 98.4 613 1664291 10 

endo-Borneol 17.34 665342180 C10 H18 O 154.1352  96.9 100 843 3.64E+09 10 

Eucalyptol 13.49 137379678 C10 H18 O 154.1352 154.1353 96.1 99.8 806 81074268 10 

Eugenol 21.61 15666829 C10 H12 O2 164.0832 164.0832 97.8 99.9 890 357378 10 

Furan, 2-hexyl- 12.91 1674703 C10 H16 O 152.1196  94.8 99.9 742 530786 10 

Isobutyl 3-(perhydro-5-

oxo-2-furyl)propionate 
20.9 1499440 C11 H18 O4 214.12  91.7 96.7 651 61564 10 

Isophthalic acid, ethyl 2-

isopropoxyphenyl ester 
24.25 2400810 C19 H20 O5 328.1305  96.2 100 807 2465209 10 

L-(-)-Fucose, tetrakis(tri-

fluoroacetate), benzylox-

ime (isomer 1) 

16.55 4000563 
C21 H15 F12 N 

O9 
653.055  92.7 99.4 648 963742 10 

Levoglucosenone 15.69 694370 C6 H6 O3 126.0312  94.3 99.5 724 207804 10 

Linalool 15.41 68180082 C10 H18 O 154.1352  96.4 100 818 28282051 10 

Methyl isovalerate 5.14 386385 C6 H12 O2 116.0832  96 100 801 92486 5 

Methyl nicotinate 16.47 2140331 C7 H7 N O2 137.0471 137.0472 96.3 100 812 156879 10 

Mexacarbate 21.59 1593504 C12 H18 N2 O2 222.1363  92.7 100 635 98421 10 

Myristic acid, 4-methox-

yphenyl ester 
24.85 441132 C21 H34 O3 334.2503  92.7 100 635 1690115 10 

Naphthalene, 1,2,3,4-tet-

rahydro-1,1,6-trimethyl- 
19.38 2090448 

C13 H18 174.1403 

174.1403 95.9 99.4 807 66268 10 

Naphthalene, 1,2,3,4-tet-

rahydro-1,1,6-trimethyl- 
20.3 337900 174.1403 94.4 95 820 590.5 7.5 

Naphthalene, 1,2,3,4-tet-

rahydro-1,6-dimethyl-4-

(1-methylethyl)-, (1S-

cis)- 

26.55 222037 C15 H22 202.1716 202.1716 96.8 100 837 590.5 10 

Nonanoic acid 19.93 1557642 C9 H18 O2 158.1301  94.2 99.9 712 82433 2.5 

o-Cymene 13.27 164881269 
C10 H14 134.109 

134.109 97.5 99.8 876 64395057 10 

o-Cymene 22.48 189534 134.1093 97.7 99 903 590.5 10 
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Oxalic acid, diallyl ester 20.84 225581 C8 H10 O4 170.0574  91.3 96.7 631 590.5 7.5 

Oxirane, 2-(hexyn-1-yl)-

3-methoxymethylene- 
16.66 362141 C10 H14 O2 166.0988  91.4 98.4 600 471839 7.5 

p-Cymene-2,5-diol 25.35 11687997 C10 H14 O2 166.0988 166.0989 94.4 99.7 726 32562662 10 

Pentafluoropropionic 

acid, nonyl ester 
17.33 27888558 C12 H19 F5 O2 290.13  92.1 98.1 641 59842059 10 

Phenacylidene diacetate 11.3 11381000 C12 H12 O5 236.0679  97.1 100 856 2867571 10 

Phenol, 2-methyl-5-(1-

methylethyl)- 
20 30425359 

C10 H14 O 150.1039 

150.1039 96.2 99.9 810 5615221 10 

Phenol, 2-methyl-5-(1-

methylethyl)- 
20.41 333047398 150.1039 96.8 99.8 841 5.18E+08 10 

Phenol, 5-ethenyl-2-

methoxy- 
20.65 31455201 C9 H10 O2 150.0675 150.0675 97.3 99.6 873 558170 10 

Phenylethyl Alcohol 15.74 6830645 C8 H10 O 122.0726 122.0727 96.6 98.6 859 2254506 10 

Phenylglyoxal 11.38 21808482 C8 H6 O2 134.0362  96.8 99.4 853 2867571 10 

p-Mentha-1,5,8-triene 15.77 5306778 C10 H14 134.109 134.109 94.6 99.1 748 2254506 10 

p-Mentha-1,5,8-triene 16.36 2034565 C10 H14 134.109 134.109 95 98 792 4235996 10 

Propanedioic acid, ni-

trile, hydrazide, N2-(1-

oxo-3-phenyl-2-pro-

penyl)- 

17.6 4853291 C12 H11 N3 O2 229.0846  95.5 99.9 776 7874932 10 

Propanoic acid, 2-me-

thyl-, 3-hydroxy-2,2,4-

trimethylpentyl ester 

21.52 2925114 

C12 H24 O3 216.172 

 91.9 97.5 645 1072010 7.5 

Propanoic acid, 2-me-

thyl-, 3-hydroxy-2,2,4-

trimethylpentyl ester 

22.04 5015401  93.9 99.3 709 14509902 10 

Proximpham 14.93 940745 C10 H12 N2 O2 192.0893  96.5 100 826 6439903 10 

p-Sec-butylphenyl ace-

tate 
20.86 444407 C12 H16 O2 192.1145  94 99.5 708 309494 10 

p-Toluic acid, tridec-2-

ynyl ester 
19.05 2610587 C21 H30 O2 314.224  94.4 100 719 1503936 10 

Pyridine, 3-ethenyl- 11.76 1007170 C7 H7 N 105.0573 105.0573 95.4 99 788 189182 10 

Quinoline, 3-methyl- 27.67 740915 C10 H9 N 143.073 143.0729 97.8 99.1 908 74972 10 

Spiro[2.4]heptane, 1,5-

dimethyl-6-methylene- 
10.94 1554717 C10 H16 136.1247  94.6 99.8 734 433309 10 

Terbucarb 23.87 4961974 C17 H27 N O2 277.2036  91.7 98.7 611 9401780 10 

Thymol 20.23 
603929992

2 
C10 H14 O 150.1039 150.1039 96.3 99.8 819 8.41E+09 10 

Thymoquinone 19.22 440052463 C10 H12 O2 164.0832 164.0832 96.1 99.3 819 5.97E+08 10 

trans-Sinapyl alcohol 29.41 236641 C11 H14 O4 210.0887 210.0886 93.5 98.6 701 9914 5 

Tributyl phosphate 24.71 26822259 C12 H27 O4 P 266.1642  93.3 99.5 676 962299 7.5 
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Tricyclo[6.3.0.0(1,5)]un-

decan-10-one, 4-hy-

droxy-5,9-dimethyl- 

27.09 12706073 C13 H20 O2 208.1458 208.1458 93.4 99.6 676 654252 10 

Urea, (phenylmethoxy)- 13.45 11699731 
C8 H10 N2 O2 166.0737 

 93.6 100 678 20258596 10 

Urea, (phenylmethoxy)- 18.31 388417  96.7 100 836 457348 7.5 

α-Calacorene 25.25 1214482 C15 H20 200.156 200.156 93.8 95.3 781 1583302 10 

α-TERPINYL FOR-

MATE 
17.92 61399044 C11 H18 O2 182.1301  96.8 100 841 1.36E+08 10 

β-Myrcene 12.23 1041641 C10 H16 136.1247  91.9 96.9 659 682492 7.5 

γ-Terpinene 14.26 156676375 C10 H16 136.1247 136.1248 97.5 99.7 879 4.81E+08 10 

 37 

Figure S1.  XRD of TiO2 MPs/SM as brookite polymorphic crystalline form (i.e. mixed phase brook- 38 

ite/anatase, having brookite as the major component). 39 

Text S1. XRD analysis revealed a diffractogram (Figure S1) characterized by high 40 

background noise and broad peaks at 25.26°, 25.93°, 28.53°, and 47.11° (Fig. 1.D). In par- 41 

ticular, the peak at 28.69° may indicate the presence of brookite, as it lies close to the typ- 42 

ical (121) reflection of this polymorph (30.8°). Peaks at 25.26°, 25.93°, and 47.11° were as- 43 

signed to the (120), (111), and (231) planes, respectively [1,2] However, the detection of 44 

the 28.69° reflection does not exclude the potential coexistence of anatase, whose most 45 

intense peak is commonly observed at 25.28° (101 plane), accompanied by a secondary 46 

reflection at 48.04° (200 plane) [2-4]. This sample was obtained under the same conditions 47 

as the anatase sample (presented in the text, see the corresponding XRD spectrum on Fig- 48 

ure 2), but applying lower temperature (40°C instead of 60°C as reported in the manu- 49 

script in Materials and Methods section for TiO2 MPs/SM enriched in anatase phase). In 50 
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this working environment, a heterophase is formed, which is more abundant in brookite 51 

(80%), rather than in anatase (20%). 52 

We also wanted to synthesise a brookite/anatase heterophase by choosing this low- 53 

temperature (40 °C, according to Scheme S1) green synthesis route, since many literatures 54 

works report an improved photocatalytic and antibacterial activity in the presence of a 55 

mixed brookite/anatase phase [5]. Although the phase controller is usually the annealing 56 

temperature for anatase/rutile, in hydrothermal, sol-gel and sonochemical methods, bio- 57 

chemical additives are often used as phase controllers. However, in the case of brookite, 58 

the synthesis tends to be more challenging. These heterophase results show good photo- 59 

catalytic activity, as also reported in [5]. Most likely, what emerges from the comparison 60 

of the results summarised in [5] is that different natural plants (containing varying con- 61 

centrations of phase controllers), different types of derivatives—not only extracts but also 62 

essential oils (more concentrated in terms of activators/phase controllers)—exudates, and 63 

different synthetic routes can strongly influence the shape, size, defectivity and function- 64 

alisation of the resulting inorganic particles. These characteristics, in turn, affect both the 65 

photocatalytic behaviour and the antimicrobial performance. 66 

Our results undoubtedly add important information that completes the state of the 67 

art, as for the first time, an aqueous extract of Satureja montana has been used for the syn- 68 

thesis of TiO₂ and CaCO₃ particles. The phase controllers were not very active in the case 69 

of TiO₂, which may depend both on the nature of the inorganic precursor and on the low 70 

concentration of activators/phase controllers contained in the aqueous extract, as opposed 71 

to a concentrated essential oil of Satureja montana, or more effectively, in a highly concen- 72 

trated exudate. Therefore, in accordance with the literature, future developments may fo- 73 

cus on optimising the synthesis of TiO₂ particles using essential oils and exudates of 74 

Satureja montana, which are more concentrated in phase-controlling agents. Another per- 75 

spective could be to combine Satureja montana derivatives with those of other plants par- 76 

ticularly rich in activators/phase controllers, as suggested in a recent review [6]. 77 

And finally, another future opportunity could be the use of microbial- or bacterial- 78 

mediated inorganic particle synthesis to better control the size, shape, and defectivity of 79 

the resulting particles, employing microorganisms, algae, fungi, etc., as activators or 80 

phase controllers in a biomimetic, template-based synthesis [6]. 81 
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 82 

Scheme S1. Green synthesis for TiO2 anatase (as major component) and modified Green synthesis 83 

for brookite/anatase heterophase compound. 84 

For completeness of characterization, in Figure S2. the Raman spectrum of the brook- 85 

ite/anatase heterophase has also been reported with the relative Table s2. for attribution 86 

of spectral bands. 87 

Raman spectroscopy provided further confirmation of the TiO₂ crystalline phases 88 

(Figure S2 and Table S2). The spectrum featured characteristic brookite bands, including 89 

the A1g mode at 224 cm⁻¹ and B3g modes at 287 and 312 cm⁻¹. Additional B2g modes were 90 

observed at 386, 478, and 589 cm⁻¹ [7,8]. A broad feature around 520 cm⁻¹ and a weak sig- 91 

nal at 643 cm⁻¹ suggested the partial presence of anatase, whose Eg and A1g modes typi- 92 

cally appear around 516–520 cm⁻¹ [8–10]. All detected bands were consistent with the vi- 93 

brational modes of the O–Ti–O network, including symmetric stretching (Eg), bending 94 

(B1g, A1g), wagging (B2g), and twisting (B3g) modes [7–10]. 95 

Finally, in Figure S3, all collected spectra exhibit the characteristic Raman bands of 96 

anatase and signals attributable to organic components, as discussed in the main text. 97 

However, the presence of organic matter induces a strong fluorescence background in the 98 

spectra collected at various points (Figure S3), which limits the identification of functional 99 

groups by Raman spectroscopy. These bands are more effectively characterised using 100 

complementary techniques such as FTIR, as shown in Figure 2C. 101 
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 102 

Figure S2.  Raman spectrum of TiO2 MPs/SM as heterogeneous phase brookite/anatase, having 103 

brookite as the major component. 104 

Table S2. Raman band assignments of TiO2 MPs /SM  105 

Band (cm⁻¹) Assignment Ref. 

224 A1g mode (brookite) [7,8] 

287 B3g mode (brookite) [7,8] 

312 B3g mode (brookite) [7,8] 

386 B2g mode (brookite) [7,8] 

478 B2g mode (brookite) [7,8] 

520 Eg mode (anatase) [8-10] 

589 B2g mode (brookite) [7,8] 

643 A1g mode (anatase) [8-10] 
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 106 

Figure S3.  Raman spectrum of the organic activators/phase controllers’ fingerprint into TiO2 107 

MPs/SM sample (where Anatase is the major component, as reported in the full text). Raman spectra 108 

were collected at different points of the TiO₂ MPs/SM sample. The spectra were normalized based 109 

on the integration time used (120 s for points 2 and 3, and 60 s for points 4, 5, and 6). 110 

Table S3. BET analysis and porosity data. 111 

Samples Surface Area 

 

(m2/g) 

Pore Volume 

 

(cm3/g) 

Pore size 

 

(nm) 

Antimicrobial activity 

 

(Figure 7 and Table 4) 

TiO2 MPs/SM (Anatase) 1.20 0.0023 560 Not detected 

CaCO3 MPs/SM  

(porous calcite) 

20.0 0.0383 1000 Detected  

TiO2 MPs/SM (Brookite) 0.84 0.0011 650 Not detected 

 112 

Text S3. The specific surface area (Brunauer–Emmett–Teller, BET method) and total 113 

pore volume (as originally proposed by Gurvitsch [11]) were determined by nitrogen ad- 114 

sorption/desorption at −196 °C using a 3Flex 3500 Micromeritics analyzer, after outgassing 115 

the samples at 200 °C for 2 h, according to our previous work [12]. Briefly, the pore size 116 

distribution was evaluated using the Barrett–Joyner–Halenda (BJH) method, from the ad- 117 

sorption isotherm [13]. The uncertainty in specific surface area measurements was 118 

±0.5 m² g⁻¹. The porosity in the 0.0037–150 μm range (mesoporosity) and the pore size dis- 119 

tribution were also determined with the same instrument. The mesoporosity, together 120 

with total open porosity, allowed estimation of the microporosity (pores with radius ≤ 121 

0.0037 μm), according to the pore space classification proposed in previous literature 122 

[14,15]. 123 

 124 
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Future developments will focus on optimising the synthetic protocols of TiO₂ micro- 125 

particles by selecting plant extracts richer in molecular agents (see Scheme S2) capable of 126 

acting as phase and morphology controllers, modulating crystal growth, particle size, sur- 127 

face roughness, defect density, and edge exposure, which are known to critically influence 128 

photocatalytic efficiency and antimicrobial performance [16,17]. 129 

In parallel, for CaCO₃-based formulations, future investigations will extend beyond 130 

this preliminary screening on non-selective media by employing selective culture sub- 131 

strates targeting specific microbial strains such as Staphylococcus aureus and Escherichia 132 

coli, to better elucidate the role of surface charge (Zeta-potential values) as a discriminat- 133 

ing parameter in antimicrobial action. In particular, the presence of dissociable oxygen- 134 

ated functional groups (e.g., carboxylates, phenoxides) localised at structural defects and 135 

edges of calcite crystals has been associated with increased electrostatic affinity toward 136 

positively charged bacterial membranes, facilitating membrane disruption and enhancing 137 

antimicrobial efficacy [18]. 138 

Table S4. Z-Potential, MALS analysis, acidic site quantification and Weight loss (%) by TGA.  139 

All synthetized  

samples 

Z-potential 

(, mV) 

MALS* 

Hydrodynamic diameter  

(µm) 

Acidic sites (a) 

(nmol/mg) 

Weight loss  

%  

(TGA)  

see Text S4.  

TiO2 MPs/SM  

(Anatase) 

-8.92 1.57 (spherical particles) 14.66±0.97 

(FTIR signal for C(=O) carbonyls) 

1.41 ± 0.40 

TiO2 MPs/SM 

(Brookite) 

-6.07 2.03 (spherical particles) 9.98±0.45 

(FTIR signal for C(=O) carbonyls) 

0.95 ± 0.23 

CaCO3 MPs/SM  

(Calcite)  

-25.14 2.83 (prismatic particles)  41.31±1.23 

(FTIR signal for C(=O) O-H carboxyls) 

3.97 ± 0.34 

*: DLS is most accurate for spherical particles or particles with small deviations from sphericity. For highly asymmetric or complex shapes, other 140 

techniques like Multi-Angle Light Scattering (MALS) might be more appropriate (described below on Text S4). 141 
(a):  These reactive functional groups were also quantified through the volumetric titration of the acidic sites, as reported in literature [19] (mean ± SD) 142 

Text S4. The Zeta-potential measurements were carried out using Zetasizer Nano ZS equipment (Malvern, 143 

UK), according to our previous paper [20]. This apparatus is equipped with a back-scattering detection mode 144 

(with an angle of 173°), and a He-Ne laser with a wavelength of 633 nm.  For the hydrodynamic diameter of 145 

CaCO3 MPs/SM prismatic particles, MALS (Multi-Angle static Light Scattering) detector has been applied.  146 

MALS examines the angular dependence of the time-averaged scattering intensity to determine the mass-aver- 147 

aged root mean square radius R g (a.k.a. 'radius of gyration') from 10 nm to several hundred nanometers, inde- 148 

pendent of shape, as described in Classical Light Scattering Theory. If the sample it does not conform to a sphere, 149 

the R g can be determined to as much as 1000 nm by a DAWN ™ 18-angle MALS detector [21]. 150 

TGA. Thermogravimetric analysis/TGA was carried out by a Q600 thermogravimetric analyzer (TA Instruments- 151 

Waters, USA). Samples (~20mg) were put in a platinum crucible and heated from 30°C to 700 ° C, with a rate of 152 

10°C/min, under nitrogen purge gas. Measurement values are reported on Table S4 as (mean ± SD).  153 
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 154 

Scheme S2. Optimization synthesis protocol to increase the phase controllers/molecular activators 155 

effect/efficiency on several kind of inorganic particles, to improve their antimicrobial and antibac- 156 

terial performances against selective microorganism strains of interest in numerous clinical-medical, 157 

pharmacological, environmental, food, agriculture and Cultural Heritage application fields. 158 

Text S5. Bacterial strains will be grown directly on aluminum stubs for scanning electron microscopy (growth 159 

time is under evaluation). Control samples will be prepared and samples treated with TiO2 and CaCO3 at different 160 

concentrations will be prepared (timing of treatment is under evaluation). Samples will be then fixed with glu- 161 

taraldehyde 2.5% in PB (i.e., Phosphate Buffer) and prepared for VP-SEM as explained in the materials and meth- 162 

ods section of the present manuscript.  163 
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