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Abstract

:

In the current market, there is a growing interest in traditional herbal nutraceuticals. Therefore, herbal formulations have re-emerged as products with sought-after nutraceutical and disease-preventing properties. The health-promoting effects of herbal bioactives are attributed to the active phytoconstituents of these plants. Thus, the aim of the present study was to evaluate the putative nutraceutical effectiveness of the preparations of ten herbs (chamomile, purple coneflower, lemon verbena, pennyroyal, spearmint, oregano, marjoram, headed savory, sea buckthorn, and St. John’s wort) by combining in silico techniques and LC-MS/MS analysis. The binding potential of the selected phenolic compounds, according to literature and web databases, was investigated by using molecular target prediction tools. Aldose reductase (AR), an enzyme of polyol pathway which is related to hyperglycemic-induced pathologies, emerged as the most promising molecular target. The molecular docking results showed that rosmarinic acid, caftaric acid, naringenin, and quercetin presented the highest binding affinity. In a further step, the phytochemical profile of the examined infusions, obtained by LC-MS/MS analysis, revealed that the abovementioned compounds were present, mainly in the herbs of the Lamiaceae family, designating headed savory as the herbal infusion with possible significant inhibitory activity against AR.
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1. Introduction


In the last few years, especially after the outbreak of SARS-CoV-2, traditional herbal infusions [1,2] entered the global market by gaining consumers’ acceptance and by re-shaping the sales patterns due to their ascribed health-promoting properties; their sensory profile; and their simple, fast, and low-price preparation [3,4,5]. Current trends were confirmed by the outcomes of a recent observational study, which showed that over 70% of consumers drink at least one herbal infusion per week, while the majority of them relate the uptake of herbal products to mental and physical wellbeing [6].



The beneficial effects of plant preparations against several pathological conditions (oxidative stress, cancer types, diabetes, osteoarthritis, inflammation, etc.) and against food spoilage and deterioration [7] are mainly attributed to their bioactive constituents. Flavonoids, phenolic acids, anthocyanins, terpenoids, tocopherols, and carotenoids are the major groups of bioactive herb phytochemicals [8].



Because herbal products are key components of ethnopharmacology and folklore medicine, the consumption of herbal infusion depends on the cultural habits of each country and varies among different continents (i.e., Europe vs. Asia) [6]. Emphasizing the plant infusions that hold the biggest share in the European market, herbs such as headed savory (Thymus capitatus (L.) Hoffmanns. & Link), spearmint (Mentha spicata L.), oregano (Origanum vulgare ssp. hirtum), lemon verbena (Lippia citriodora or Aloysia citrodora Paláu), chamomile (Matricaria chamomilla L.), purple coneflower (Echinacea purpurea (L.) Moench), etc., are the most commonly used for such preparations [9] with designated nutraceutical attributes [10].



Specifically, the most characteristic aromatic plants of the Mediterranean region, such as headed savory (Thymus capitatus (L.) Hoffmanns. & Link), marjoram (Origanum majorana L.), oregano (Origanum vulgare ssp. hirtum), pennyroyal (Mentha pulegium L.), and spearmint (Mentha spicata L), belong to the Lamiaceae family and are widely used in the cosmetic, food, and health industries due to their antimicrobial, antitumor, and anti-inflammatory properties [11,12]. The species of the Asteraceae family, for instance, purple coneflower (Echinacea purpurea (L.) Moench) and wild chamomile (Matricaria chamomilla L.), also present significant biological activities, which are principally assigned to their phenolic content [12,13]. The extracts of lemon verbena (Lippia citriodora or Aloysia citrodora Paláu), a member of the Verbenaceae family, have been employed as antioxidant agents in edible coatings and nanoformulations [14], modulators of the gut microbiome [15], components for food enrichment [16], and antioxidant constituents [17]. Sea-buckthorn (Hippophae rhamnoides L.) of the Elaeagnaceae family has similar uses to lemon verbena. Particularly, sea-buckthorn shows therapeutic effects against respiratory and skin diseases, antibacterial and antifungal activity, and it is incorporated as a bioactive component in fortified foods [18,19]. Moreover, St. John’s wort (Hypericum perforatum L.), a species of the Hypericaceae family, is known for various clinical properties, such as neuroprotective, hypoglycemic, antioxidant, antimicrobial, and antidepressant activities [20,21,22].



Currently, the phytochemical fingerprint of herbal preparations is assessed by implementing and combining several analytical techniques, such as infrared spectroscopy (IR), liquid chromatography mass spectrometry (LC-MS), or gas chromatography (GC) with or without MS [23,24]. Furthermore, the hyphenation of analytical methodologies with in silico tools (i.e., molecular docking) and open web servers (i.e., TargetNet, SwissTarget Prediction, MolTarPred, etc.) [1,25] is extensively employed in order to predict the inhibition activity of several phytochemicals against disease-related enzymes and target proteins (i.e., carbonic anhydrase family, enzymes of arachidonic pathway, spike glycoprotein-ACE2 complex, RNA-dependent RNA-polymerase (RdR), kinase family, etc.). These enzymes and protein complexes are involved in the onset of various pathological conditions (i.e., inflammation, neurogenerative disease, SARS-CoV-2, diabetes, etc.) [26,27,28,29].



Thus, the aim of the present study was to scrutinize the potential of reintroducing herbal infusions as vital players in the field of nutraceuticals and health-promoting plant products by integrating in silico and LC-MS/MS analyses. Towards this aim, first, the phenolic compounds’ profile of the ten examined herbs were recorded after thoroughly reviewing the bibliographic data and screening natural products’ databases. The selected compounds were examined against various targets using molecular target prediction tools in order to identify the most promising ones. Second, molecular docking was implemented to explore the binding affinity of these phytoconstituents against the most potent targets. Finally, LC-MS/MS analysis was performed to elucidate the phenolic fingerprint of the studied infusions based on a developed in-house library and literature data in order to confirm the presence of the compounds, which exhibited the most significant binding activity in the herbal preparations, underlining their future use as putative nutraceutical agents.




2. Materials and Methods


2.1. Reagents and Standards


All infusions were prepared in deionized water. The LC-MS-grade water, methanol, acetonitrile and acetic acid were acquired by Thermo Fischer Scientific (Waltham, MA, USA), Merck KGaA (Darmstadt, Germany), Chem-Lab (Zedelgem, Belgium), and LGC Promochem (Teddington, UK), respectively. The phenolic standards (+)-catechin hydrate, quercetin, kaempferol, luteolin, eriodictyol, cinnamic acid, gallic acid, ellagic acid, taxifolin, rosmarinic acid, o-coumaric acid, and caffeic acid were obtained from Extrasythese (Genay, France). Rutin, hydroxytyrosol, and acetosyringone were purchased from ACROS Organics (Geel, Belgium), while hesperidin, 2-4-dihydroxybenzoic acid, syringic acid, sinapic acid, 4-hydroxybenzaldehyde, salicylic acid, naringenin, resveratrol, and naringin were obtained from Alfa Aesar (Ward Hill, MA, USA). Reference standards of p-coumaric acid, (−)-catechin, vanillic acid, vanillin, protocatehuic acid, gentisic acid, 4-hydroxybenzoic acid, syringaldehyde, ferulic acid, trans-3-hydroxycinnamic acid, benzoic acid, oleuropein, lariciresinol, isorhamnetin, and chlorogenic acid were acquired from Sigma-Aldrich (St. Louis, MO, USA).




2.2. Plant Material and Sample Preparation


Two hundred grams of ten dried herbs, belonging to the Lamiaceae, Asteraceae, Verbenaceae, Elaeagnaceae and Hypericaceae families, were provided by the biofarm Bioagroktima-Menekos in Chalkidiki, Greece. Particularly, the herbs under study were Origanum majorana L. (marjoram), Origanum vulgare ssp. hirtum (oregano), Thymus capitatus (L.) Hoffmanns. & Link (headed savory), Mentha pulegium L. (pennyroyal), Mentha spicata L. (spearmint), Echinacea purpurea (L.) Moench (purple coneflower), Matricaria chamomilla L. (chamomile), Lippia citriodora or Aloysia citrodora Paláu (lemon verbena), Hippophae rhamnoides L. (sea buckthorn), and Hypericum perforatum L. (St. John’s wort). The certification of the aromatic plants was conducted by the Inspection Institute for Organic Products BIOHELLAS, (103 Tatoiou Avenue & Souri, 144 51, Metamorphosis, Greece certification code B-168572), which is approved by the Greek Ministry of Rural Development and Food as Inspection and Certification body for organic products (European Union code GR-BIO-03).



For the herbal infusion preparation, 2 g of each sample was steeped in 60 mL of boiling distilled water in a stainless-steel pot and left at 25 °C for 15 min, then filtered under reduced pressure. When the infusions reached room temperature, the final volume was recorded in order to estimate any water losses caused during boiling. Then, the extracts were evaporated to dryness and the dry residues were kept at −20 °C for further analysis.




2.3. In Silico Studies


2.3.1. Phenolic Compounds Collection and Protein Target Prediction


Our extensive literature review and usage of the freely available resource FooDB (https://foodb.ca/ (accessed on 1 July 2022) produced a set of 86 phenolic compounds [30,31,32,33,34,35,36,37,38,39,40] contained by the ten examined herbs. Particularly, the phenolic chemical compositions of Origanum majorana L., Origanum vulgare ssp. hirtum, Thymus capitatus (L.) Hoffmanns. & Link, Mentha pulegium L., Mentha spicata L., Echinacea purpurea (L.) Moench, Matricaria chamomilla L., Lippia citriodora or Aloysia citrodora Paláu, Hippophae rhamnoides L., and Hypericum perforatum L. are presented in Table S1. Subsequently, the obtained compounds were sketched in 2D format (SMILES) and were subjected to potential target prediction by applying the freely accessible web-based prediction server TargetNet (http://targetnet.scbdd.com (accessed on 1 July 2022). Specifically, ensemble target net calculations were simultaneously performed to all collected compounds across 623 human proteins, including different combinations of a series of molecular fingerprint types (FP2, FP4, Daylight, MACCS, ECFP2, ECFP4, and ECFP6 fingerprints) [41]. The results evaluation was based on the area under the receiver operating characteristic curve (AUC) value, which provides an indication of the model to prioritize active over inactive compounds (values greater than 0.5). Therefore, the relevance of the targets was ranked according to the AUC values and indicated aldose reductase (AR) enzyme as the most promising target (Table S2).




2.3.2. Molecular Docking Studies


The crystal structures of human AR (PDB ID: 4LAU) enzyme were retrieved from the Protein Data Bank (PDB) and subjected to Protein Preparation Wizard [42]. All water molecules were removed, missing residues and hydrogen atoms were added, and restrained energy minimization was followed using an OPLS2005 force field to produce a geometrically stable structure. A grid box with dimensions 10 × 10 × 10 Å was also generated.



The RMSD value, expressing the similarity between the overlapping of cocrystallized ligand and docking poses, was utilized for the validation process. In Figure S1, the superimposition of the crystallographic and predicted pose of {2-[(4-bromobenzyl) carbamoyl]-5-chlorophenoxy} acetic acid ligand is presented for the case of AR enzyme. All phenolic compounds were prepared at the optimum pH = 7.0 ± 0.5, using LigPrep [43] of MAESTRO [44]. Μaestro software uses the following criteria to define hydrogen bonds (HBs): 1) the maximum distance between the H atom of the HB donor to the acceptor atom must be less than 2.8 Å; (2) the angle between the HB donor hydrogen and the acceptor atom must be greater than 120° (minimum value); and (3) the angle between the HB donor hydrogen, the acceptor atom, and another neighbor atom bonded to acceptor must be greater than 90° (minimum value). Maestro software also uses an automated approach to measure pi–pi interactions. The minimum distance between pi–pi planes is <3.5 Å.



Finally, molecular docking simulations were carried out on all phenolic compounds by applying the Glide Standard Precision (SP) mode [45] to identify their favorable binding poses. The maximum number of docking poses was set to 10, each of which was visually inspected and analyzed.





2.4. LC-ESI(−)-MS/MS Analysis


The identification of phenolic compounds was performed with a Thermo Finnigan Surveyor HPLC System (Thermo Fisher Scientific, Waltham, MA, USA) coupled with an LCQ Fleet Ion Trap Mass Spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). Separation of the standard compounds was carried out at a column and autosampler temperature of 25 °C with a Kromasil (Nouryon AB, Inorganic specialties, 402 58 Göteborg, Sweden) C18 Hypersil Gold C18 column (length: 100.0 mm, internal diameter: 2.1 mm, particle size: 3.5 μm). The mobile phase consisted of acetonitrile and 0.1% acetic acid (Solvent A) and water and 0.2% acetic acid (Solvent B).



Phenolic standards (concentration = 10 μg/mL) were eluted and separated according to the following gradient elution program: 0–1 min at flow rate 0.300 mL/min with 10% A, 1.1–8 min at flow rate 0.300 mL/min with 20% to 30% A, 8.1–9 min at flow rate 0.350 mL/min with 50% A, 9.1–10.2 min at flow rate 0.350 mL/min with 50% to 65% A, 10.3–14 min at flow rate 0.350 mL/min with 65% to 100% A, 14.1–15 min at flow rate 0.350 mL/min with 100% A and, finally, recondition of the column from 15.1–18 min at flow rate 0.300 mL/min with 10% A. The injection volume was set at 10 μL. Four milligrams of the dried extracts was diluted at 1000 μL of methanol:water 70:30 v/v (injection solvent). Samples were filtered through Mini-UniPrep 0.45 μm, Nylon Filter Media with Polypropylene (GE Healthcare Companies, Chicago, IL, USA).



The electrospray ionization (ESI) MS/MS analysis was conducted in negative ion mode after the optimization of the following conditions: spray voltage = 3.94 kV, capillary voltage = −48.49 V, capillary temperature = 300 °C, sheath gas flow rate = 4 a.u., and sweep gas flow rate = 20 a.u. Full-scan MS was performed from m/z 80 to 700. Multiple reaction monitoring (MRM) mode was applied for the MS/MS transitions. The processing of the data was performed by using Xcalibur software (version 2.1, Thermo Scientific, Waltham, MA, USA).



The annotation of the phenolic compounds in herbal infusions was based on the LC-MS/MS in-house library of the 40 phenolic standards and on published data. The latter was performed by recording and comparing the retention times and MS/MS data of the peaks at mass tolerance of 5 ppm.





3. Results and Discussion


3.1. In silico Analysis


A set of 86 phenolic compounds (Table S1), comprising phenolic acids, flavanols, flavones, flavanonols, and flavanones, which was derived from an extensive literature review, was generated [30,31,32,33,34,35,36,37,38,39,40]. The mentioned phenolic compounds contain the characteristic phytochemicals of the studied herb species.



In continuation, the molecular targets selection for docking studies was based on the results of the open web server TargetNet (http://targetnet.scbdd.com (accessed on 1 July 2022). An ensemble target prediction was performed in this study, including a combination of fingerprint types (such as FP2, FP4, Daylight, MACCS, ECFP2, ECFP4, and ECFP6) [41]. The results for all combinatiplons indicated aldose reductase (AR) as the most promising target. This finding is supported by the area under the receiver operating characteristic curve (AUC) values, which exhibited an acceptable values (greater than 0.5), highlighting the model probability of selecting active over inactive compounds [41]. Therefore, molecular docking simulations were performed for all phytochemicals in an effort to predict their potential inhibitory affinity against AR enzyme.



Aldose reductase (AR) is the principal enzyme of polyol pathway, which is related to hyperglycemic conditions and plays a critical role in the development of diabetic complications including cataract, retinopathy, nephropathy, and neuropathy [46,47]. As a result, AR represents an attractive therapeutic target for the prevention of and reduction in the effects of diabetic complications. Many studies have been performed targeting the discovery of novel molecules as potential AR inhibitors [48,49,50]. The already known synthetic AR inhibitors, such as sorbinil and tolrestat, suffer from drawbacks due to their poor permeation and safety concerns [46]. Therefore, compounds of natural origin have received considerable attention as an alternative. Specifically, among the phytochemicals, for instance, quercetin and other flavonoids or their derivatives, exhibit significant inhibitory activity [51,52].



The derived docking pose evaluation was based not only on docking scores, but also on the visual inspection focusing on the presence of interactions with crucial amino acids identified by the cocrystallized ligand of AR (Figure 1).



Particularly in the case of the AR enzyme, the criteria for visual inspection include hydrogen bond formation with the amino acids Tyr48, His110, and Trp111. The formation of halogen bonds with Val47 and Thr113, and the existence of pi–pi interactions with Trp111 are all characterized as crucial for binding (Figure 1).



Therefore, the molecular docking results analysis indicated caftaric acid, naringenin, quercetin, and rosmarinic acid (Figure 2), which are compounds bearing completely different chemical scaffolds from known synthetic AR inhibitors, as the most promising candidates. Notably, quercetin has already been reported as a strong AR inhibitor [46,52], confirming our docking results and methodology.



The carbonyl groups of caftaric acid (docking score (ds) = −8.05 kcal·mol−1) form hydrogen bonds with the crucial amino acids Tyr48, His110, and Trp111. Additionally, the phenolic ring of caftaric acid interacts via a pi–pi stacking with the aromatic ring of the crucial amino acid Trp111. The docked pose of naringenin indicated an interaction motif, including the formation of hydrogen bonds with His110 and Thr113 and a pi–pi stacking with Trp111, as the cocrystallized ligand. The binding is also reinforced by the development of pi–pi stacking with Trp20, an amino acid that is part of the AR active site. Quercetin interacts through the formation of a hydrogen bond and a pi–pi stacking with the crucial amino acids Thr113 and Trp111, respectively. In addition, the binding is enhanced by the creation of a hydrogen bond and a pi–pi stacking with Cys298 and Trp79 amino acids, which are involved in the active site of AR. In the case of quercetin the presented interaction pattern is in accordance with published studies [46]. Finally, the carboxyl acid group of rosmarinic acid creates hydrogen bonds with the crucial amino acids Tyr48 and His110. Moreover, the hydroxyl group of its phenolic rings form hydrogen bonds with the amino acids Val47 and Thr113, which are critical for binding. An additional pi–pi stacking with the crucial amino acid Trp111 and a hydrogen bond with Cys298 stabilize the binding into AR. The representative docking poses of the abovementioned compounds are illustrated in Figure 3.




3.2. Phytochemical Phenolic Profile of the Examined Infusion by LC-MS/MS Analysis


After assessing the results of the in silico studies, an LC-MS/MS analysis was performed in order to provide information regarding the phenolic profile of the investigated herbal infusions and to determine the preparation that contained the compounds from molecular docking (rosmarinic acid, caftaric acid, naringenin, and quercetin).



By applying the conditions of the developed method, 40 standard phenolic compounds were analyzed in order to build an in-house phenolic library. The spectral information of the phenolic standards is presented in Table 1.



After creating the LC-MS/MS library of the phenolic compounds, based on the standard solutions, the infusions samples were analyzed. The LC-MS/MS analysis of herbal preparations elucidated 36 tentative (poly)phenols, by using both the library of the phenolic standards and data from published references. The identified compounds are illustrated in Table 2. Rosmarinic acid, caftaric acid, naringenin, and quercetin, which were identified as molecules with putative inhibition activity against the AR enzyme, were detected in the infusions of specific herb families, as shown in Table 2.



The elucidated compounds in the ten herbal infusions were mainly organic acids (i.e., caffeic acid, ferulic acid, rosmarinic acid, etc.), flavonoids (catechin, apigenin, etc.), and glycosides of flavonoids (rutin, kaempherol-3-o-rutinoside, luteolin-7-o-glucoside, etc.) [61,62,63,64,65]. Based on results of the LC-MS/MS analysis, the preparations in which the most phenolic compounds were identified were T. capitatus and H. perforatum, while L. citriodora and O. vulgare were the two infusions with the poorest phenolic profile. For T. capitatus and L. citriodora, the rich phenolic fingerprint of these two preparations aligned with the results of our previously published work [12], where headed savory and St. John’s Wort presented higher total phenolic content values. Despite its not-so-rich phenolic fingerprint, because only three phenolic compounds were identified in its infusions, O. vulgare exhibited significant antioxidant activity [12]. However, the high content of rosmarinic acid may account for the significant antioxidant potential of oregano [63].



In support of the abovementioned outcomes, the results of in silico screening also highlighted the importance of rosmarinic acid, which presented the highest binding affinity for AR among the selected compounds [66]. Therefore, the herbs M. spicata, O. vulgare and T. capitatus, which contain high amounts of rosmarinic acid and belong to the Lamiaceae family [67,68,69], show promise as herbal preparations with considerable antihyperglycemic activity. Special focus should be paid to T. capitatus because its putative action against hyperglycemia-related conditions may be attributed to the synergistic effect of rosmarinic acid and naringenin, which also presented putative binding affinity against AR [70]. Based on the docking results, the infusion of O. majorana, another member of the Lamiaceae family, in which quercetin was detected [71], may also be an ideal candidate for the inhibition of AR [72]. In addition, caftaric acid, a phenolic acid of E. purpurea [73,74], exhibited important binding affinity toward AR [75], placing Echinacea among the herbs with possible action against hyperglycemia and metabolic syndrome induced by high blood sugar levels [76].



To summarize, in accordance with the findings of other studies [66,77,78], the results of docking studies combined with the phenolic profile of the studied preparations designated the species of Lamiaceae family and, principally, T. capitatus, as the lead source of phenolic compounds, which may act as inhibitors of AR.





4. Conclusions


Currently, the consumption of herbal infusions is rapidly increasing due to their wide array of biological properties and their possible links to human health, mainly attributed to compounds such as flavonoids and phenolic acids. Thus, in this study, we focused on identifying any possible biological activities of herbal phytochemicals against certain pathological conditions using in silico techniques and LC-MS/MS analysis. According to our results, the phenolic profile of ten common herbs (chamomile, purple coneflower, lemon verbena, pennyroyal, spearmint, marjoram, oregano, headed savory, sea buckthorn, and St. John’s wort) were assessed by LC-MS/MS, and 36 tentative phytoconstituents were identified in the studied herbal infusions. In parallel, 86 phenolic compounds, characteristic of these plants and as reported in the literature and in web libraries of natural products, were investigated against targets by applying molecular prediction tools, such as TargetNet. Four of the tested compounds (rosmarinic acid, caftaric acid, naringenin, and quercetin), which were also detected by LC-MS/MS mainly in the preparations of Lamiaceae species, showed a significant binding affinity against aldose reductase (AR), based on the molecular docking results. Therefore, the combination of in silico tools and high-throughput analytical methodologies identified the herbs of the Lamiaceae family and especially T. capitatus (headed savory), as the most ideal candidates against the AR enzyme, showcasing these infusions as herbal preparations with potent antihyperglycemic activity.
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Figure 1. The binding mode of the cocrystallized ligand ({2-[(4-bromobenzyl)carbamoyl]-5-chlorophenoxy}acetic acid-W8X) at the active site of AR (PDB ID: 4LAU). Halogen bonds, hydrogen bonds, and pi–pi interactions are depicted in purple, yellow, and blue dashed lines, respectively. 
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Figure 2. Chemical structures of caftaric acid, naringenin, quercetin, and rosmarinic acid. 
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Figure 3. Representative binding poses and the crucial interactions of (a) caftaric acid, (b) naringenin, (c) quercetin, and (d) rosmarinic acid derived from molecular docking studies in the active site of AR. Hydrogen bonds are depicted with dashed yellow lines and pi–pi interactions with dashed blue lines. 
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Table 1. Spectral information of LC-MS/MS analysis of phenolic standards.
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	Compound
	Retention Time (min)
	Parent Ion [M–H]
	Product Ion (MS/MS)





	Gallic acid
	1.51
	169.33
	124



	Protocatechuic acid
	2.66
	153.11
	108.79



	Hydroxytyrosol
	2.67
	153.17
	122.84



	Gentisic acid
	3.65
	153.02
	108.84



	4-Hydroxybenzoic acid
	4.75
	136.94
	92.87



	Chlorogenic acid
	4.91
	353.03
	191.02



	(+)-Catechin
	5.08
	289.38
	245.05



	2-4-Dihydroxy benzoic acid
	3.16
	153.01
	108.88



	Vanillic acid
	5.81
	166.99
	151.96



	Caffeic acid
	6.16
	179.21
	134.86



	Syringic acid
	6.28
	197.02
	181.94



	(−)-Catechin
	6.40
	289.38
	245.06



	4-Hydroxybenzaldehyde
	6.63
	120.84
	58.78



	Vanillin
	7.28
	151.00
	135.87



	Syringaldehyde
	7.45
	181.07
	165.94



	p-Coumaric acid
	7.52
	163.00
	118.84



	Ferulic acid
	7.73
	193.06
	148.86



	Rutin
	7.84
	609.37
	301.03



	Ellagic acid
	8.12
	301.31
	257.10



	Taxifolin
	8.12
	303.38
	285.04



	Sinapic acid
	8.14
	223.10
	207.88



	trans-3-Hydroxycinnamic acid
	8.27
	163.18
	118.90



	Acetosyringone
	8.70
	195.14
	179.98



	Salicylic acid
	9.09
	136.91
	92.89



	Benzoic acid
	9.17
	121.03
	58.78



	Naringin
	9.35
	579.41
	459.09



	Hesperidin
	9.66
	609.27
	301.02



	Rosmarinic acid
	9.68
	359.09
	160.88



	o-Coumaric acid
	9.82
	163.10
	118.87



	Oleuropein
	10.70
	539.37
	376.82



	Lariciresinol
	11.36
	418.91
	329.12



	Eriodictyol
	11.80
	287.70
	150.86



	Luteolin
	12.16
	285.30
	174.97



	Quercetin
	12.18
	301.23
	178.86



	Resveratrol
	12.22
	227.40
	184.95



	Cinnamic acid
	12.34
	147.05
	102.84



	Naringenin
	12.87
	271.29
	150.88



	Kaempferol
	12.94
	285.28
	285.04



	Isorhamnetin
	13.22
	315.75
	300.08
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Table 2. Detected phenolic compounds in the examined herbal infusions by using the in-house phenolic compound library and literature data.
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	Detected Compounds
	M.Chamomilla
	Ech.Purpurea
	L.Citriodora
	M.Pulegium
	M.Spicata
	O.Majorana
	O.Vulgare
	T.Capitatus
	Hyp.Perforatum
	Hip.Rhamnoides
	References





	(−) Catechin (s) 1
	
	
	
	
	
	
	
	
	√ 2
	
	



	(+) Catechin (s)
	
	
	
	
	
	
	
	
	√
	
	



	4-Hydroxycinnamic acid (s)
	
	
	√
	
	
	
	
	
	
	
	



	Caffeic acid (s)
	
	√
	
	√
	√
	
	
	
	
	
	



	Chlorogenic acid (s)
	
	
	
	√
	
	
	
	
	
	
	



	p-Coumaric acid (s)
	
	
	
	
	√
	
	
	
	
	
	



	Ellagic acid (s)
	
	
	
	
	
	
	
	
	√
	√
	



	Ferulic acid (s)
	
	√
	
	√
	
	
	
	
	
	
	



	Gentisic acid (s)
	
	
	
	
	
	√
	
	
	
	
	



	Naringenin (s)
	
	
	
	
	
	
	
	√
	
	
	



	Quercetin (s)
	
	
	
	
	
	√
	
	
	
	
	



	Resveratrol (s)
	
	
	
	
	
	
	
	
	√
	
	



	Rosmarinic acid (s)
	
	
	
	
	√
	
	√
	√
	
	
	



	Rutin (s)
	
	
	
	√
	
	√
	
	
	√
	
	



	Apigenin
	
	
	
	
	√
	
	
	
	
	
	[53]



	Apigenin-c-hexoside-c-hexoside
	
	
	
	
	
	
	√
	
	
	
	[54]



	Apιgenin-7-o-glucoside
	√
	
	
	
	
	
	
	
	
	
	[55]



	Caftaric acid
	
	√
	
	
	
	
	
	
	
	
	[56]



	Catechin dimer
	
	
	
	
	
	
	
	
	
	√
	[57]



	Cichoric acid
	
	√
	
	
	
	
	
	
	
	
	[56]



	Citric acid
	
	
	
	
	
	
	
	√
	
	
	[58]



	Dihydrocaffeic acid
	
	
	√
	
	
	
	
	
	
	
	[59]



	Ellagic acid (p-coumaryl) hexoside
	
	
	
	
	
	
	
	
	
	√
	[60]



	Ellagic acid hexoside
	
	
	
	
	
	
	
	
	
	√
	[60]



	Ellagic acid pentoside
	
	
	
	
	
	√
	
	
	
	√
	[58,60]



	Eriodictyol-7-o-glucuronide
	
	
	
	
	
	
	
	√
	
	
	[58]



	Ferulic acid glucoside
	√
	
	
	
	
	
	
	
	
	
	[55]



	Ferulic acid hexoside dimer
	√
	
	
	
	
	
	
	
	
	
	[55]



	Gallocatechin
	
	
	
	
	
	
	
	√
	
	
	[58]



	Isoquercitrin
	
	
	
	
	
	
	
	
	√
	
	[57]



	Kaempherol-3-o-rutinoside
	
	√
	
	
	
	√
	
	√
	√
	
	[56,57,58]



	Laricitrin-3-o-glucoside
	√
	
	
	
	
	
	
	
	
	
	[55]



	Luteolin-7-o-glucoside
	√
	
	√
	
	√
	
	
	√
	
	
	[53,58,59]



	Medioresinol
	
	
	
	
	
	
	√
	
	
	
	[54]



	Quercetin-3o-glucoside
	
	
	
	
	
	
	
	√
	√
	
	[57,58]



	Rosmarinic acid-o-hexoside
	
	
	
	
	
	
	
	√
	
	
	[58]







1 Standard phenolic compounds. 2 Indicates the presence of the phenolic compounds in the infusions.
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