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Supplementary Tables 

Table S1. The results of the quantitative estimation of the bioactive properties of the studied vegetal material, 

expressed in mg per g of dried weight vegetal material (range / mean±SD) 

µg/g DW spruce needles 

(n=13) 

spruce bark 

(n=13) 

fir needles 

(n=4) 

fir bark 

(n=4) 

TP (mg GAE/g, dw) 
54.31-107.06 / 

77.03±14.29 

22.92-141.53 / 

105.83±31.00 

44.50-80.37 / 

58.00±15.52 

21.64-40.28 / 

30.21±9.01 

TF (mg Q/g, dw) 
2.53-22.43 / 

8.94±6.76 

1.46-23.24/ 

9.91±7.46 

2.76-3.67 / 

3.17±0.38 

1.24-2.81/ 

2.01±0.86 

AA (µMoli Trolox/g, dw) 
220.26- 348.76 / 

316.12±40.96 

84.77-348.51 / 

318.59±70.67 

212.99-337.19 / 

265.91±52.31 

103.26-170.01 / 

135.77±33.92 
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Table S2. Content of total polyphenols (TP), total flavonoids (TF) and antioxidant activity (AA) in coniferous biomass 

(bark and needles) according to the available literature data 

Coniferous 

biomass 

TP 

(mg GAE/g dw) 

TF 

(mg Q/g dw) 

AA 

(µM TE/g dw) 

Pine bark 

62.21 [1] 

0.86 [2] 

28.30 [3] 

314.62 [4] 

136.5 [5] 

8.29 [2] 

81.9 [5] 

200.94 [2] 

66.96 (mg TE/g dw) [4] 

 

Spruce bark 

13.30 [2] 

54.97 [6] 

404.0 [7] 

130.26 [8] 

426.0 [9] 

11.03 [10] 

3.54 [2] 

14.44 [6] 

53.4 [7] 

39.91 [8] 

404.18 [2] 

308 [9] 

128.4(mg TEs/g dw) [6] 

Fir bark 
14.53 [2] 7.46 [2] 269.55 [2] 

Pine needles 

14.00 [11] 

274.38 [4] 

7.6 [12] 

 

7.20(mg CE/gextract) [11] 

1.6 [12] 45.90(mg TE/g dw) [4] 

305.5 [12] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table S3. Peak numbers, target compounds, expected retention times (tR), exact mass, accurate mass, mean mass 

accuracy (ppm) and resulted fragments (negative ionisation) 

 

 

No Compound Retentio

n time 

[min] 

Formula Exact 

mass 

 

Experimental  

Accurate mass 

[M‐H]− 

Mass fragments 

Phenolic acids and derivatives 

1 Gallic acid 2.04 C7H6O5 170.0215 169.0133 125.0231 

2 3,4-Dihydroxybenzoic 

acid 

4.22 C7H6O4 154.0266 153.0182 109.0281 

3 4-Hydroxybenzoic acid 6.45 C7H6O3 138.0316 137.0231 93.0331 

4 Chlorogenic acid 7.51 C16H18O9 354.0950 353.0879 191.0552 

5 Ferulic acid 7.78 C10H10O4 194.0579 193.0499 178.0263, 134.0361 

6 Syringic acid 8.04 C9H10O5 198.0528 197.0448 182.0212, 153.0547, 138.0309 

7 p-Coumaric acid 8.67 C9H8O3 164.0473 163.0390 119.0489 

8 Ellagic acid 9.91 C14H6O8 302.0062 300.9990 300.9990 

9 Abscisic acid 9.99 C15H20O4 264.1361 263.1289 179.9803, 191.9454 

10 Cinnamic acid 10.39 C9H8O2 148.0524 147.0440 119.0487, 103.0387 

11 Caffeic acid phenethyl 

ester (CAPE) 

13.14 C17H16O4 284.1048 283.0975  

Flavonoids 

12 (+)-Catechin 7.57 C15H14O6 290.0790 289.0718 109.0278, 125.0228, 137.0232, 

151.0388 13 (-)-Epi-catechin 8.14 C15H14O6 290.0790 289.0718 109.0278, 125.0228, 137.0232, 

151.0388 14 Myricetin 8.12 C15H10O8 318.0375 317.0310 178.9986, 164.9263, 151.0036, 

137.0244, 107.0125 

15 Naringin 9.24 C27H32O14 580.1791 579.1722 363.0722 

16 Rutin 9.41 C27H30O16 610.1533 609.1465 345.0616 

17 Quercetin 10.71 C15H10O7 302.0426 301.0355 151.0390, 178.9769, 121.0282 

18 Kaempferol 11.65 C15H10O6 286.0477 285.0406 151.0390, 117.0180 

19 Isorhamnetin 11.82 C16H12O7 316.0582 315.0512 300.0276 

20 Apigenin 11.84 C15H10O5 270.0528 269.0456 117.0180, 151.0390 

21 Pinocembrin 12.52 C15H12O4 256.0735 255.0661 213.0548, 151.0026, 107.0118 

22 Chrysin 13.40 C15H10O4 254.0579 253.0504 143.0491, 145.0494, 107.0118 

23 Galangin 13.62 C15H10O5 270.0528 269.0454 169.0497, 143.0339 

Stilbens 

24 t-Resveratrol 9.54 C14H12O3 228.0786 227.0710 185.0811, 143.0339 



Table S4. Phenolic compounds content in coniferous biomass (bark and needles), according to the available literature data 

Phenolic compounds 

(µg/g dw) 

Needles Bark 

Picea abies  Abies alba 

 

Pinus sp. 

 

Picea abies  

 

Abies alba 

 

Pinus sp.  

(mg/L extract) 

 

Gallic acid 695.88 [2] 57.04 [2] 208.38 [2] - - - 

2,5-Dihydroxobenzoic Acid 41.3 [13] 5.4 [13] 14.1 [13] - -  

3,4-Dihydroxobenzoic Acid - - -   29.7-64.1 [5] 

4-Hydroxybenzoic Acid - -- - - -  

Vanillic acid 62.43 [2] 7.18 [2] 16.63 [2] 1.34 [14] - 3.0-10.5 [5] 

Syringic acid     -  

t-Cinnamic Acid 4014.44 [2] 1148.62 [2] 1084.92 [2] 4.73  [14] - 5.4-53.4 [5] 

Caffeic acid 227.0 [13] 38.8 [13] 55.8 [17]   4.2-13.8 [5] 

Chlorogenic acid 1.56 [2] 0.95 [2] 0.46 [2] - -- 5.8-17.2 [5] 

p-Coumaric acid 7.6 [13] 194.4 [13] 7.1 [13] - - - 

Ferullic acid - 113.97 [2] 145.44 [2] - - 9.7-24.5  [5] 

Sinapinic Acid 301.96 [2] 4.3 [13] 8.9 [13] 2.94  [14] -  

Salicylic acid 20.1  [13] 55.86 [2] 111.44 [2] 1.57 [15] -  

Naringenin 819.74 [2] 29.8 [13] 8.7 [13] - -  

Catechin 45.1  [13] 1499.61 [2] 1502.03 [2] 11.17  [14] - 105.0-135.0 [5] 

Epicatechin 5094.84 [2] 30.8 [13] 107.0 [13] 24.39 [15]  - 

Quercetin 287.9 [13] 984.09 [2] 518.25 [2]   8.5-10.9 [5] 

Rutin  4534.29 [2] 10.9 [13] 29.1 [13] 0.51  [14] - - 

Kaempferol 246.2 [13] - - - - - 

Apigenin - 68.75 [2] 387.89 [2]  - 170.5 [8] 

Luteolin 168.58 [2] 15.3 [13] 19.9 [13] - -  

Vitexin 9.0 [13] -  - -  

Taxifolin - 502.20 [2] 2088.89 [2]  - - 

Resveratrol 1129.85 [2] 1.1 [13] 109.9 [13] - - 133.5  [8] 

Proantocianidina B-2 70.2 [13] - - - -  



Table S5. Pharmacological activities of the bioactive compounds identified in spruce (Picea abies L., H. Karst.) and fir (Abies alba Mill.) biomass (bark and needles) 

by non -target HRMS analysis 

No Compound PubChem 

CID 

Pharmacological effects / Applications and medicinal activity Spruce 

(Picea abies) 

Fir 

(Abies alba) 

Bark Needles Bark Needles 

Phenolic acids and derivatives 

1’ Quinic acid 6508 Antioxidant, antimicrobial, anti-inflammatory and neuroprotective [16]. A 

building block in the synthesis of Oseltamivir (Tamiflu), which is used to treat 

influenza A and B.  

+ + + + 

2’ Shikimic acid 8742 Anti-thrombotic, anti-inflammatory and bactericidal properties [17]. Is a common 

precursor of aromatic compounds produced in plants and microorganisms and is 

known as a raw material for producing the anti-influenza drug Tamiflu.  

+ + + + 

3’ 5-Cffeoylquinic acid  

(Neochlorogenic acid) 

5280633 Antioxidant and anti-inflammatory effects [18]. - + + + 

4  ́ Salicylic acid 338 Bacteriostatic, fungicidal, and keratolytic actions.  + + + + 

5  ́ Vanillic acid 8468 It have effective sedative, antioxidant, anti-inflammatory, and neuroprotective 

properties [19]. 

+ - + - 

6  ́ Ferulic acid glucoside 24992652 It is a potential therapeutic candidate for prevention and treatment of cold stress 

injury and can significantly prevent cold-induced oxidative stress in liver and 

upregulate the protein level in brown fat tissue [20]. 

+ + + + 

7  ́ 3-p-coumaroylquinic acid/ 

izomeri 

9945785 Is a primary metabolite. Is directly involved in an organism’s growth, 

development, or reproduction (https://Hmdb.Ca). 

- + + + 

8  ́ 5-O-Caffeoylshikimic acid 5281762 Antioxidant, antimicrobial, anti-inflammatory, neuroprotective and 

antiproliferative activity against different cancer cell lines [21]. 

+ + + + 

9  ́ Caffeic acid 689043 Immunomodulatory, anti-inflammatory, antimicrobial, antioxidant and 

antibacterial activity in vitro, and can contribute to the prevention of 

atherosclerosis and other cardiovascular diseases [22]. 

+ - + + 

10  ́ Acetyl salicylic acid 2244 Non-steroidal anti-inflammatory minor analgesic, antipyretic, or anti-

inflammatory. Low-dose aspirin has an antiplatelet effect and is used long-term 

to reduce the risk of heart attack (https://En.Wikipedia.Org). 

+ + + + 

11  ́ Vanillic acid glucoside 14132336 Antioxidant, anti-inflammatory [19]. + + + + 

12  ́ 4-Methilbenzoic acid (toluic acid)  7470 It has a role as a xenobiotic metabolite (https://pubchem.ncbi.nlm.nih.gov/). - + - + 

13  ́ Sinapic acid 637775 antioxidant, anti-cancer, anti-infammatory, cardioprotective, reno-protective, 

hepatoprotective, neuroprotective, anticarcinogenic, anti-diabetic and anti-

bacterial properties [23]. 

- + + + 

https://en.wikipedia.org/wiki/Anti-inflammatory


14’ 4-Methoxycinnamic acid 699414 Antioxidant and antilipidperoxidative effects, anti-inflammatory and anticancer 

properties of colon carcinogenesis [24]. 

+ + + + 

15’ Coniferyl alcohol 1549095 It is an active ingredient in the products MULTI-PHENOLIC. Is indicated for relief 

of sensitivities due to allergic responses. May temporarily relieve symptoms 

associated with sensitivities to phenolic compounds, such as rash fatigue and lack 

of concentration (https://Pubchem.Ncbi.Nlm.Nih.Gov). 

+ + + + 

16’ Homovanilic acid 1738 Is a major catecholamine metabolite. It is used as a reagent to detect oxidative 

enzymes and is associated with dopamine levels in the brain (Https://Hmdb.Ca). 

+ + + - 

Flavonoids and derivatives 

17’ Epigallocatechin 72277 Antioxidant, a plant metabolite and a food component (Https://Foodb.Ca/). + + + + 

18  ́ Procyanidin B1/B2 

 

122738 Antioxidant, antibacterial, antineoplastic anti-obesity, anti-inflammatory and 

anti-allergic properties [25]. 

    

19  ́ Taxifolin 3-O rhamnoside 

(isomers) 

 

119258 

Analgesic and anti-edema effect (Www.Lifeasible.Com). + + + + 

20  ́ Phloretin 4788 Antioxidant and antidiabetic properties. It has a role as a plant metabolite and an 

antineoplastic agent. It can be used in facial masks, skin creams, lotions and 

essences (Https://En.Wikipedia.Org). 

+ + + + 

21  ́ Dihydrokaempferol 

(aromodendrin) 

662 Anti-inflammatory, antioxidant, anti-diabetic [26]. + + + + 

22  ́ Taxifolin glucoside 14187089 Porcine pancreatic lipase inhibitory activity, antioxidant activity [27]. + + + + 

23  ́ Phloretin - 2-O glucoside 46926173 Estrogenic and antiestrogenic activities. It is used in the control of blood sugar 

levels and as a protective agent to the heart from scavenging oxygen free radicals 

and antioxidant injuries [28] (Https://Pubchem.Ncbi.Nlm.Nih.Gov). 

+ + + + 

24  ́ Proanthocyanidin 108065 Antioxidant, antitumor, cardioprotector, neuroprotector, antidiabetic, 

antimicrobial and immunostimulating properties [28]. 

+ + + + 

25  ́ Procyanidin A2 6325839 Antioxidant, antibacterial, antineoplastic anti-obesity, anti-inflammatory and 

anti-allergic properties [25]. 

+ + + + 

26  ́ Tricin 5281702 Anti-inflammatory and is role as a chemopreventive and anticancer agent 

(Https://Natuprod.Bocsci.Com). 

- + + + 

27  ́ Taxifolin 439533 Antioxidant, anti-inflammation, antiviral, antitumor, antibacterial, and enzyme 

inhibition [27]. 

+ + + + 

28  ́ Vitexin-2-O-rhamnoside 5282151 Supports the degradation of oxidative stress and has the potential to treat diseases 

of the cardiovascular system (Https://Www.Medchemexpress.Com). 

- + - ++ 

29  ́ Cedeodarin 182026 Anti-inflammatory, anti-bacterial, and anti-fungal properties. to inhibit the 

growth of various types of cancer cells (Https://Www.Benchchem.Com). 

+ + + + 



30  ́ Myricetin 3 O rhamnoside 5352000 Antibacterial, anti-inflammatory, antioxidant, antitumor promoter, diuretic [29]. + + + + 

31  ́ kaempferol-3- O- rutinoside 122173234 Hypoglycemic effect, biological and anti-obesity activity [30]. + + + + 

32  ́ Kaempferol/luteolin-O-glucoside/ 

isomers 

 

5319116 

Anti-inflammatory, antioxidant, anti-hyperuricemia and anti-gout effects [31]. + + + + 

33  ́ vitexin (apigenin 8- C-

glucoside)/isovitexin 

5280441 Anti-cancer, anti-oxidant, anti-inflammatory, anti-nociceptive, anti-AD (AD, 

Alzheimer's disease), anti-hypertensive, anti-spasmodic, anti-hypoxia/ischemia 

injury, anti-depressant-like actions and anti-viral activities [32] 

+ + + +++ 

34  ́ Pratensein/Tectprogenin 5281803 can have effects for the prevention of atherosclerosis (Https://En.Wikipedia.Org.) + + + + 

35  ́ Afrormosin 5281704 anti-inflammatory, antioxidant and immunomodulatory properties [33] + + + + 

36  ́ Liquiritigenin/liquiritigenin 114829 Antispasmodic, antiulcer, antibacterial, hepatocyte monoamine oxidase inhibitor 

[34]. 

+ + + + 

37  ́ Pinostrobin 4101463 antioxidant, analgesic, anti-hemorrhagic and dermal anti-inflammatory [35] + + + + 

38  ́ Glycitein / biochanin A 5317750 Estrogenic, antioxidant, hypocholesterolemic and cell proliferation inhibitory 

activities [36]. 

+ + + + 

39’ Daidzein 5281708 

 

Estrogenic, antioxidant, hypocholesterolemic and cell proliferation inhibitory 

activities [37]. It has a role as an antineoplastic agent, a phytoestrogen, a plant 

metabolite. 

+ + + + 

40  ́ 3-Methyl galangin 5281946 Antibacterial activities which also inhibits pancreatic lipase [38] + + + + 

Stilbenes and derivatives 

41  ́ Astringin 5281712 Antibacterial, antifungal, antitermite, anticancer, antioxidant [39] + + + + 

42  ́ Piceatannol glucoside 11968990 Anti-inflammatory, antioxidant, and anti-cancer activities. In addition, it has been 

shown to have anti-diabetic, anti-bacterial, and anti-viral activities 

(Https://En.Wikipedia.Org). 

+ + + + 

43  ́ t-Piceid 5281718 Antithermic [39]. + + + + 

44  ́ Combretastatin A-4 (isomers) 5351344 Anticancer, antioxidant [40]. + + + + 

45  ́ t-Isorhapontin 5281716 Antibacterial, antifungal, antithermic [39]. + + + + 

46  ́ t-Isorhapontigenin 5318650 Antibacterial, antifungal, antithermic, cardioprotection, antioxidant [39]. + + + - 

47  ́ Piceatannol 667639 Antibacterial, cardioprotection, anticancer, antioxidant [39]. + + + + 

Terpenes 

48  ́ Toosendanin (isomers) 115060 Analgesic, insecticidal and anti-inflammatory activities [41]. + + + + 

49  ́ Vernodalin 179375 The active compound responsible for the anti-cancer property in human breast 

cancer [42]. 

+ + + + 

50  ́ Inulicin (isomers) 75528891 Inhibits angiogenesis and lung cancer cell growth [43]. + + + + 

51  ́ Podocarpic acid 93017 Antioxidative,anti-inflammatory, anticancer [44]. - - + + 

52  ́ Carnosol (isomers) 442009 Antioxidative, anti-inflammatory, antiproliferative [45] + + + + 

https://1p10c5m4a-y-https-www-sciencedirect-com.z.e-nformation.ro/topics/medicine-and-dentistry/antioxidant-capacity


53  ́ Carnosic acid (isomers) 65126 Antimicrobial, antioxidant and protection against carcinogens [45]. + + + + 

54  ́ Rosmaridiphenol/izomer 9905016 Antioxidant, cancer preventive [46]. + + + + 

55’ Rosmanol methyl ether 101611746 Anti-inflammatory, anti-angiogenic, anti-carcinogenic, neuroprotective, and anti-

obesity effects (Https://Www.Benchchem.Com). 

++ - ++ + 

Lignans and derivatives 

56  ́ Hydroxymatairesinol (isomers) 10948757 Anti-oxidant and it is an enterolactone precursor with anticancer activities 

(Https://En.Wikipedia.Org). 

+ + + + 

57  ́ (+)-Pinoresinol 73399 Anticancer, hypoglycemic and antifungal agent [47]. + + + + 

58  ́ Sesquipinsapol B 101767126 Antioxidant, cytotoxic [48]. - + + + 

59  ́ Lariciıesinol / isolariciresinol 160521 Antioxidant; anti-inflammatory [37]. + + + + 

Carboxilic acids and derivatives 

60  ́ Citric acid 311 Anti-microbial, anti-inflammatory, anti-cancer, anti-inflammatory and anti-

cancer [49].  

+ + + + 

61’ Suberic acid 10457 Energy storage. Is used in the preparation of reduction-sensitive micelles affecting 

their cellular uptake. This has potential application in delivery of anticancer drugs 

[50]. 

+ + + + 

62  ́ Azelaic acid 2266 Antibacterial, antimicrobial, anti-inflammatory, antineoplastic agent, a 

dermatologic drug and a plant metabolite [51]. 

+ + + + 

63  ́ Sebacic acid 5192 Anti-HIV activity [52] + + + + 

64  ́ Undecanedioic acid 15816 Nutrient with biological role is membrane stabilizer [53]. 

 

+ + + + 

65  ́ Dihexyl phthalate (isomers) 6786 No available study on bioactivity. + + + + 

66  ́ 13-keto-9Z,11E-octadecadienoic 

acid 

6446027 stimulate cell proliferation from colonic mucosa [53]. + + + + 

67  ́ 13S-hydroxy octadecadienoic acid 6443013 Anticancer and biomarker from autosomal dominant polycystic kidney disease 

(Https://Hmdb.Ca). 

+ + + + 

68  ́ Retinoic acid 11130378 Is essential for development of many organs including the hindbrain, spinal cord, 

forelimb buds, skeleton, heart, eye, pancreas, lung and genitourinary tract [54]. 

+ + + + 

69  ́ Icosanedioic acid / Eicosanedioic 

acid 

75502 Uses are often used in cosmetics and used as emulsifiers. Belongs to the technical 

field of daily chemical skin care products [55]. 

+ + + + 

Other compounds 

70’ Syringin 5316860 It has a role as a hepatoprotective agent, antidiabetic effects and significant anti-

inflammatory activity [56]. 

+ + + + 

71  ́ Asystasioside A 101831547 Hypoglycemic agent with potential α-glucosidase inhibitory activities 

(https://pubchem.ncbi.nlm.nih.gov/). 

+ + + + 



72  ́ Sacranoside A 102094959 the anti-HCV activity, drug candidate for antiviral activity against HCV 

(https://pubchem.ncbi.nlm.nih.gov/). 

+ + + + 

73  ́ Lucidumoside A 637081 antioxidant activity against hemolysis of red blood cells induced by free radicals.; 

antiviral agent [57] 

+ + + + 

74  ́ Diosbulbinoside F 181842 Compound identified in the rhizome of D. bulbifera which has been used in folk 

and traditional Chinese medicine for the treatment of thyroid diseases and cancer 

[53][58] 

+ + + + 

75  ́ Denipride 205974 has a positive impact on the central nervous system and has been studied for its 

potential use in treating neurological disorders such as Parkinson's disease 

(Https://Pubchem.Ncbi.Nlm.Nih.Gov.) 

+ + + + 

76  ́ Propylparaben 7175 Antifungal and antimicrobial properties. is typically used in a variety of water-

based cosmetics and personal-care products (Https://En.Wikipedia.Org.) 

+ + + + 

77  ́ Enrasentan (isomers) 178103 It has a role as an endothelin receptor antagonist and an antihypertensive agent 

(Https://Pubchem.Ncbi.Nlm.Nih.Gov.) 

+ + + + 

78  ́ Embelin 3218 It exhibits antimicrobial, antineoplastic and inhibitory activity towards hepatitis 

C protease. It has a role as a hepatitis C protease inhibitor, an antimicrobial agent, 

an antineoplastic agent and a plant metabolite 

(Https://Pubchem.Ncbi.Nlm.Nih.Gov.) 

+ + + + 

79’ Prohydrojasmon  No available study on bioactivity    [54] 

80  ́ Furmecyclox 43359 Furamide fungicide (Https://Pubchem.Ncbi.Nlm.Nih.Gov). + + + + 

81  ́ 2-Ethylhexyl salicylate  The salicylate portion of the molecule absorbs ultraviolet light to protect skin from 

the harmful effects of exposure to sunlight, while the ethylhexanol portion 

functions as an emollient (https://pubchem.ncbi.nlm.nih.gov/) 

    

82  ́ Etienic acid 99472 Anticancer, anti-inflammatory, anticoagulant, antimicrobial, 

insecticidal/pesticidal, antioxidant and antiviral activities [59]. 

+ + + + 

83  ́ Shogaol 5281794 6-Shogaol exhibits a variety of biological activities including anticancer, anti-

inflammation, and anti-oxidation. It has a very strong antitussive (anti-cough 

effect) [60]. 

+ + + + 

84  ́ Myristyl sulfate 5248 Sclerosing agent. It is commonly used in the treatment of small varicose veins of 

the legs, as well as venous and lymphatic malformations [61]. 

+ + + + 

85  ́ Abietic acid  10569 Antimicrobial, anti-inflammatory, antioxidant, and anticancer properties [62]. + + + + 

86  ́ 7-deoxyloganic acid 

glucopyranosyl ester 

28285160* Is a 7-deoxyloganic acid derivative (iridoid glycoside), which is a plant metabolite 

with anti-inflammatory effects by inhibiting the production of pro-inflammatory 

cytokines and antioxidant effects by scavenging free radicals and reducing 

oxidative stress [63]. 

  +  



Table S6. The antimicrobial and anti-biofilm activities of P. abies and A. alba alcoholic extracts vs. solvent control 

 P. 

aeruginosa 

ATCC 

27853 

S. aureus 

sc pl 

E. faecalis 

ATCC 

19433 

MRSA S. 

marcescens 

Ec5K 

C. albicans 

ATCC 10231 

Fir bark extract MIC 

(µL/mL) 

31.25 250 125 125 62.5 250 

MBEC 

(µL/mL) 

31.25 125 125 15.625 62.5 15.625 

Spruce 

needles extract 

MIC 

(µL/mL) 

31.25 125 250 125 31.25 62.5 

MBEC 

(µL/mL) 

31.25 31.25 250 125 31.25 31.25 

Fir needles 

extract 

MIC 

(µL/mL) 

15.625 31.25 125 62.5 62.5 62.5 

MBEC 

(µL/mL) 

15.625 15.625 125 62.5 62.5 31.25 

Spruce bark 

extract  

MIC 

(µL/mL) 

31.25 62.5 125 62.5 62.5 500 

MBEC 

(µL/mL) 

31.25 62.5 125 62.5 62.5 31.25 

EtOH 50% MIC 

(µL/mL) 

62.5 250 125 250 62.5 250 

MBEC 

(µL/mL) 

31.25 250 62.5 250 62.5 125 

 

Table S7. Selectivity index values of P. abies bark and needles extracts and A. abies bark and needles extracts related to 

MIC and MBEC values 

 P. 

aeruginosa 

ATCC 

27853 

Interp. S. 

aureus 

sc pl 

Interp. E. 

faecalis 

ATCC 

19433 

Interp. MRSA Interp. S. 

marcescens 

Ec5K 

Interp. C. 

albicans 

ATCC 

10231 

Interp. 

Fir 

bark 

extract 

MIC  1.31 **B 0.16 *A 0.32 *A 0.33 *A 0.65 *A 0.16 *A 

MBEC  1.31 **B 0.16 *A 0.32 *A 2.62 **B 0.65 *A 2.62 **B 

Spruce 

needles 

extract 

MIC 1.15 **B 0.14 *A 0.14 *A 0.29 *A 0.58 *A 0.58 *A 

MBEC  1.15 **B 1.14 **B 0.14 *A 0.29 *A 1.15 **B 1.15 **B 

Fir 

needles 

extract 

MIC  1.17 **B 0.58 *A 0.14 *A 0.29 *A 0.29 *A 0.59 *A 

MBEC  1.17 **B 1.17 **B 0.14 *A 0.29 *A 0.29 *A 0.59 *A 

Spruce 

bark 

extract  

MIC  0.76 *A 0.38 *A 0.19 *A 0.38 *A 0.38 *A 0.05 *A 

MBEC  0.76 *A 0.38 *A 0.19 *A 0.38 *A 0.38 *A 0.76 *A 

*A - more toxic to eukaryotic cell; **B—more toxic to microbial cell 

 
 

 

 



Table S8. Docking data for the best ranked poses of the ligands in the two P–LD runs against PI3Kγ [1E8W entry] 

Target – Ligand complex 

 PyRx w/  

Autodock Vina 

SwissDock w/  

EADock DSS 
Notes 

BA 

(kcal/mol) 

FullFitness 

(kcal/mol) 

ΔG 

(kcal/mol) 

1E8W – 13-Keto-9Z,11E-octadecadienoic acid -6.7 -4612.05 -8.61 Qualitative analysis 

1E8W – 13S-Hydroxyoctadecadienoic acid -6.9 -4622.29 -7.52 Qualitative analysis 

1E8W – 3,4-Dihydroxybenzoic acid -6.5 -4572.04 -6.53 Quantitative data 

1E8W – 4-Hydroxybenzoic acid -6.1 -4574.26 -6.39 Quantitative data 

1E8W – 4-Methoxycinnamic acid -7.2 -4581.41 -6.91 Qualitative analysis 

1E8W – Abscisic acid -7.0 -4584.30 -7.21 Quantitative data 

1E8W – Apigenin -8.7 -4574.08 -7.22 Quantitative data 

1E8W – Astringin -8.9 -4505.15 -8.36 Qualitative analysis 

1E8W – Azelaic acid -6.4 -4625.59 -7.30 Qualitative analysis 

1E8W – Caffeic acid phenethyl ester (CAPE) -8.0 4564.93 -8.03 Quantitative data 

1E8W – Chlorogenic acid -8.3 4537.02 -8.71 Quantitative data 

1E8W – Chrysin -8.8 -4564.64 -7.10 Quantitative data 

1E8W – Cinnamic acid -7.0 -4582.21 -6.49 Quantitative data 

1E8W – Citric acid -5.6 -4619.89 -6.35 Qualitative analysis 

1E8W – Combretastatin A-4 -7.1 -4520.50 -7.83 Qualitative analysis 

1E8W – Ellagic acid -9.4 -4521.51 -7.96 Quantitative data 

1E8W – Embelin -6.9 -4565.69 -7.56 Qualitative analysis 

1E8W – Enrasentan -9.1 -4560.13 -8.34 Qualitative analysis 

1E8W – Epigallocatechin -8.3 -4559.63 -8.09 Qualitative analysis 

1E8W – Ferulic acid -7.2 -4582.86 -7.08 Quantitative data 

1E8W – Furmecyclox -6.8 -4563.49 -7.27 Qualitative analysis 

1E8W – Galangin -8.8 -4545.43 -7.30 Quantitative data 

1E8W – Gallic acid -6.6 -4571.72 -6.55 Quantitative data 

1E8W – Icosanedioic acid -6.8 -4646.61 -8.37 Qualitative analysis 

1E8W – Isorhamnetin -9.0 -4541.74 -7.98 Quantitative data 

1E8W – Isorhapontigenin -7.9 -4575.25 -7.60 Qualitative analysis 

1E8W – Isorhapontin -8.8 -4490.86 -8.24 Qualitative analysis 

1E8W – Kaempferol -8.7 -4560.14 -8.05 Quantitative data 

1E8W – Lucidumoside A -8.9 -4530.20 -8.98 Qualitative analysis 

1E8W – Methylbenzoic acid -6.2 -4561.45 -6.40 Qualitative analysis 

1E8W – Myricetin -9.0 -4551.94 -8.40 Quantitative data 

1E8W – Myristyl sulfate -6.2 -4673.09 -8.54 Qualitative analysis 

1E8W – Naringin -9.5 -4444.41 -9.92 Quantitative data 

1E8W – Oxododecanedioic acid -7.2 -4637.53 -7.99 Qualitative analysis 

1E8W – p-Coumaric acid -7.0 -4593.66 -6.78 Quantitative data 

1E8W – Pinocembrin -8.8 -4577.38 -7.03 Quantitative data 

1E8W – Prohydrojasmon -6.6 4594.38 -7.52 Qualitative analysis 

1E8W – Propylparaben -6.7 -4569.85 -6.78 Qualitative analysis 



1E8W – Quercetin [RE-DOCKING] -9.1 -4552.31 -7.68 Quantitative data 

1E8W – Quinic acid -5.9 -4534.49 -6.60 Qualitative analysis 

1E8W – Resveratrol -7.9 -4587.38 -7.09 Quantitative data 

1E8W – Rutin -9.5 -4418.05 -10.16 Quantitative data 

1E8W – Sebacic acid -6.5 -4629.80 -7.38 Qualitative analysis 

1E8W – Shikimic acid -5.9 -4558.70 -6.21 Qualitative analysis 

1E8W – Shogaol -7.5 -4570.36 -7.91 Qualitative analysis 

1E8W – Suberic acid -6.3 -4628.21 -7.46 Qualitative analysis 

1E8W – Syringic acid -6.6 -4552.23 -7.04 Quantitative data 

1E8W – Taxifolin -9.2 -4552.84 -7.58 Qualitative analysis 

1E8W – Toosendanin -8.3 -4293.84 -8.15 Qualitative analysis 

1E8W – Undecanedioic acid -6.7 -4629.87 -8.10 Qualitative analysis 

1E8W – (+)-Catechin -8.8 -4564.29 -7.92 Quantitative data 

1E8W – (-)-Epicatechin -8.4 -4558.15 -6.93 Quantitative data 

1E8W – (+)-Pinoresinol -7.8 -4523.94 -7.86 Qualitative analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figures 

 

 

Correlation matrix (Pearson):    

Variables 

∑ Phenolic 

acids TP AA TF 

∑ 

Flavonoids 

∑ Phenolic 

acids 1 -0.293 -0.361 0.067 0.001 

TP -0.293 1 0.899 0.927 0.694 

AA -0.361 0.899 1 0.850 0.895 

TF 0.067 0.927 0.850 1 0.806 

∑ 

Flavonoids 0.001 0.694 0.895 0.806 1 

Values in bold are different from 0 with a significance level alpha=0.05 
 

 

Figure S1. Pearson correlation between the bioactive characteristic and total phenolic acids and total flavonoids 

quantified by HRMS analysis in the coniferous extracts 

 

 

Figure S2. The total ion current (TIC) chromatogram showing the identification of the main bioactive compounds in 

spruce needles extract using UHPLC–MS/MS detection in negative ionization mode 

 

∑ phenolic acids
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Figure S3. The total ion current (TIC) chromatogram showing the identification of the main bioactive compounds in 

fir bark extract using UHPLC–MS/MS detection in negative ionization mode 

 

 

 

Figure S4. The total ion current (TIC) chromatogram showing the identification of the main bioactive compounds in 

fir needles extract using UHPLC–MS/MS detection in negative ionization mode 



Materials and methods 

Protein – Ligand Docking (P–LD) 

For the Protein – Ligand Docking (P–LD) study it was chose another RCSB PDB entry for PI3Kγ, namely 

1E8W due its better resolution (2.50 Å ) [64]. Moreover, the co-crystallized ligands from the two RCSB PDB 

entries are two of the quantitatively identified natural compounds in our extracts: quercetin (ligand of 

1E8W – binding affinity data: IC50 = 3.80E+3nM and Kd = 280nM) [64] and myricetin (ligand of 1E90 – binding 

affinity data: IC50 = 1.80E+3nM and Kd = 170nM) [64].  
As a pre-docking operation, the structural files (PDB file format) for the two entries (1E8W and 1E90) 

[64]were downloaded from RCSB PDB [65–67] and superimposed with Molegro Molecular Viewer 2019 

7.0.0 (MMV7 – Molexus IVS, Odder, Denmark).  
Structure-data files (SDF file format) for ligands (the quantitative identified phenolics and the majority 

phenolic compounds) were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov) [68], then 

individually optimized and converted in Tripos MOL2 file format (MOL2), as required for docking. 

MarvinSketch was used for tridimensional (3D) optimization and generations of ligands files, 

MarvinSketch version 23.8.0, 2023, ChemAxon (https://chemaxon.com/).  
Two comparative P–LD runs were performed against the selected molecular target enzyme (RCSB PDB ID: 

1E8W) with two different software by using two different docking algorithms (and different scoring 

function used to approximate the standard chemical potentials of the system) for cross-validation of results. 

Both P–LD runs were performed within the same search space around the binding region of quercetin (the 

co-crystallized ligand from the 1E8W RCSB PDB entry) to improve the docking accuracy: center 

coordinates: X = 25.570; Y = 50.836; Z = 26.578; dimensions (Å ): X = 21.323; Y = 32.008; Z = 25.000. 

First P–LD run was performed on local cloud with the AutoDock Vina v.1.2.0 algorithm [68,69] using 

PyRx—Python Prescription v.0.9.7 software [70] as user interface (UI) control. AutoDock Vina is a flexible-

ligand docking algorithm [71], which automatically calculates the grid maps and clusters the docking 

results in a user accessible way for an improved user experience (UX) [68,69]. The search algorithm 

implemented in AutoDock Vina is a Monte–Carlo iterated search algorithm [72] combined with the 

Broyden–Fletcher–Goldfarb–Shanno (BFGS) gradient-based optimizer (an iterative method for solving 

unconstrained nonlinear optimization problems) [73,74]. Scoring function used by AutoDock Vina 

combines the knowledge-based potentials with empirical scoring functions and it was inspired by X-score 

[75] and derived with the help of the PDBbind data set [76,77]. Ranking of poses is made by measuring the 

distance between the experimental and the predicted structures, expressed as RMSD (root-mean-square 

deviation), with two terms: RMSD lower bound (RMSD/lb) and RMSD upper bound (RMSD/ub). In our 

docking set-up, the value of exhaustiveness (the amount of computational time spent during a docking 

run) was set to 200 to improve the consistency of the docking results (the scoring function requires higher 

exhaustiveness values for achieving good performances, while the preset value of exhaustiveness is 8) [69], 

disregarding the increasing computational time.  
The second P–LD run was performed with the help of the SwissDock web-service 

(http://www.swissdock.ch/) [78], using EADock DSS algorithm [78,79]. EADock DSS is a flexible-ligand 

docking algorithm [71] with an innovative and improved sampling engine (dihedral space sampling – 

DDS). EADock DSS benefits of a high accuracy of a multi-objective evolutionary algorithm [80] combining 

two scoring functions based on the CHARMM22 force field developed for the CHARMM software [81]. 

Ranking of poses is made bases on the FullFitness term, which accounts for the solvation free energy using 

the Generalized Born model implemented in CHARMM [81]. In our docking set-up, the docking type was 

set to “accurate” from the SwissDock web-service interface.  
The co-crystallized ligand of PI3Kγ/1E8W (quercetin) was re-docked, serving a reference or control 

molecule for both P–LD runs.  
 

https://pubchem.ncbi.nlm.nih.gov/
https://chemaxon.com/
http://www.swissdock.ch/
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