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Abstract
[bookmark: _GoBack]In order to value J. glutinosa DC (rock tea), we characterised its phenolic proﬁle and antioxidant activity. The study was performed in aqueous extracts before and after a simulated in vitro digestion to obtain data regarding phenolics bioavailability. Methanolic extracts were also analysed for comparison purposes. Phytochemical proﬁles were determined by high-performance liquid chromatography with mass spectrometric detection, whereas total phenolic content (TPC) and antioxidant assays were performed by conventional spectro-photometric methods. The most abundant compounds were dicaﬀeoylquinic acids, representing more than 90%of phenolics in tea infusions. Statistically signiﬁcant diﬀerences were observed for all parameters except for TPC in methanol and aqueous extracts. Both phenolics amount and antioxidant activities were lower after the in vitro digestion of the infusions. However, although phenolics were lost during the simulated digestion, rock tea is still a good source of bioactive compounds with potential applications in the pharmaceutical or nutraceutical industries. 
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1. Introduction
Across the world, traditional and complimentary medicine (T&CM) are the mainstay of health care or a complement to it. Hence, the World Health Organization (WHO) recently published a document updating the previous report on the traditional medicine strategy (World Health Organization, 2013), advocating the rational use of T&CM through the promotion of its evidence-based use (World Health Organization, 2013). The use of herbal medicines has always been part of T&CM. However, similarly to other traditional treatments, enough evidence of the alleged benefits are not always available. 
Many of the health benefits of herbal medicines – or plants and plant products in general – derive from their high content in phenolic compounds. These are mainly known for their high antioxidant activity (Jimenez-Garcia et al., 2013; Manganaris, Goulas, Vicente, & Terry, 2014) and their potential in the prevention of specific diseases due to their bioactivity (Spínola, Pinto, & Castilho, 2018; G. Zengin et al., 2018). As a result, different morphological parts of plants have been analyzed to demonstrate the benefits of their direct consumption (Dou, Lee, Tzen, & Lee, 2007; Nile & Park, 2014; Simirgiotis & Schmeda-Hirschmann, 2010) or the use of plants as sources of bioactive compounds for the pharmacological industry (Gokhan Zengin, Sarikurkcu, Aktumsek, & Ceylan, 2014).
Jasonia glutinosa D.C. (Asteraceae), commonly known as rock tea, is a medicinal plant present in the Mediterranean Basin. It blooms in summer and should be harvested between July and September. The flower stems are used to prepare infusions, which are consumed to help digestive disorders (Pardo de Santayana, Blanco, & Morales, 2005; Valero, Berzosa, Langa, Gómez-Rincón, & López, 2013). The phytochemical composition of J. glutinosa has been partially reported. For instance, the volatile composition was studied by gas chromatography-mass spectrometry (González Romero et al., 2003; Guillén & Ibargoitia, 1996) and some phenolic compounds were also characterized in the aerial parts of the plant (Rubio, Villaescusa, Diaz, Fernandez, & Martin, 1995; Villaescusa, Diaz, & Bartolome, 1995). Some authors have also reported the antioxidant, antimicrobial, and antifungal properties of J. glutinosa (López et al., 2008; Ríos, Recio, & Villar, 1987). However, it must be taken into account that a prerequisite for the bioavailability of any compound is the bioaccessibility in the gut (Holst & Williamson, 2008). Hence, it is important to study the effect of the gastrointestinal digestion on the stability of both phenolic compounds and antioxidant activity. The most common approach – although it presents several limitations – is to carry out simulated in vitro gastrointestinal digestions (Alminger et al., 2014; Pinto et al., 2017). 
Here we report the phenolic composition of MeOH and aqueous extracts (herbal infusions) of J. glutinosa aerial parts. We also performed a simulated in vitro digestion of the infusions. The aim of this study was to compare the phytochemical profile and antioxidant activity prior and after the digestion process. Our hypothesis is that both the phenolic content and antioxidant activities decrease after the simulated digestion, a critical aspect to evaluate the real potential of any plant species. To our knowledge, this is the most complete study performed on this species, and the first one reporting the effect of the digestion on the phenolic composition and antioxidant activity of its extracts.

2. Experimental
2.1. Chemicals and reagents
All reagents and standards were of analytical reagent grade. 3-O-caffeoylquinic acid (CQA), 4-O-CQA, 5-O-CQA, ferulic acid, citric acid, quercetin, vicenin-2, and rutin were purchased from Sigma-Aldrich (Madrid, Spain), and individual stock solutions were prepared in MeOH (LC-MS grade, >99.9%; Sigma-Aldrich). LC-MS grade acetonitrile (CH3CN, 99%; LabScan; Dublin, Ireland) and ultrapure water (Milli-Q Waters purification system; Millipore; Milford, MA, USA) were also used. Sodium chloride (NaCl, 99%), sodium hydrogen carbonate (NaHCO3, >99 %), hydrochloric acid (HCl, 37%), Folin-Ciocalteu´s phenol reagent (FCR), sodium carbonate (Na2CO3, p.a), and ethanol (EtOH, 96%) were purchased from Panreac (Madrid, Spain). Potassium chloride (KCl, >99%), urea, calcium chloride (Ca2Cl, >98%), sodium dihydrogen phosphate monohydrate (NaH2PO4·H2O, >99%), ammonium chloride (NH4Cl) and potassium dihydrogen phosphate (KH2PO4) were from Merck (Darmstadt, Germany). Mucin (from porcine stomach), pepsin (from porcine gastric mucosa), pancreatin (from porcine pancreas), lipase (from porcine pancreas), bile extract porcine, magnesium chloride (MgCl2, >99%), gallic acid monohydrate (>98%), quercetin (>99%), 2,2′-azinobis(3-ethylbenzthiazoline-6- sulfonic acid) (ABTS, >98%), potassium persulfate (K2S2O8, >99%), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, 97%), and 2,2-diphenyl-1-picrylhydrazyl (DPPH, 95%) were obtained from Sigma-Aldrich.

2.2. Sample preparation
Several commercial rock teas were purchased at a local market, mixed and homogenized in order to obtain a representative sample. Dry plant material was milled to powder and stored at -20 ºC. The samples were extracted by two different procedures. In the first one, 2.5 g of sample was extracted at room temperature with 50 mL of MeOH in an ultra-sonic bath (Bandelin Sonorex Digital 10P; Sigma-Aldrich) at 35 Hz and 280 W for 60 min. For the second extraction, we simulated the common method to prepare a herbal infusion: 2 g of sample was extracted with 150 mL of water at 80 ºC for 5 min. Both the MeOH and aqueous extractions were done in triplicate. The obtained extracts (MeOH and H2O) were filtered through Whatman No.1 filters (Sigma-Aldrich) and the solvent was evaporated under reduced pressure in a Hei-Vap Precision rotary evaporator (Heidolf; Schawabach; Germany) at 40 ºC. Dried extracts (DE) were stored at -20 ºC until analysis and were named DE (MeOH) and DE (H2O).       

2.3. Simulation of in vitro digestion for infusions
The in vitro digestion was applied only to the aqueous extract, which simulated the usual preparation of infusions. This static method consisted of two-steps (gastric and intestinal digestion) and was adapted from (Flores, Singh, Kerr, Pegg, & Kong, 2014). In this case, we did not perform the salivary step because the tea infusion is directly drunk and its residence time in the oral cavity is negligible. Briefly, 200 mg of DE (H2O) were added to a 50 mL Falcon tube. Then, they were mixed with 10 mL of gastric juice for 2 h and, next, with 10 mL of duodenal + 4 mL bili juices for 2 h. During these two steps, samples were incubated in a water bath (Julabo SW22, Seelbach, Germany) at 37 ºC and shaken during all the process. After the simulated digestion, the reaction was stopped by freezing the samples at -80 ºC. Then, they were defrosted, centrifuged (4000 rpm, 15 min; Selecta Mixtasel/BLT, Barcelona, Spain) and filtered through Whatman No.1. Both the supernatant and the remaining solid were lyophilised (ModulyoD/23 ThermoSavant, Waltham, MA, USA) and kept at -20 ºC until further analyses. The composition of the digestive juices is described in Table 1.
TABLE 1

2.4. HPLC analysis of aqueous, MeOH, and digested extracts
5-10 mg of dried extract was re-dissolved in 1 mL MeOH. After filtration through 0.45 µm PTFE membrane filters, 10 μL of the solution was injected in the chromatographic system.
The HPLC system was an Agilent Series 1100 with a G1315B diode array detector. The separation of the compounds was performed with a reversed phase Luna Omega Polar C18 analytical column of 150 × 3.0 mm and 5 µm particle size (Phenomenex). A Polar C18 Security Guard cartridge (Phenomenex) of 4 × 3.0 mm was also used. The HPLC system was connected to an ion trap mass spectrometer (Esquire 6000, Bruker Daltonics) equipped with an electrospray interface. The HPLC separation and MS conditions were previously reported (Llorent-Martínez et al., 2018).  
To quantify the main detected compounds, we prepared calibration curves (0.5-100 µg mL-1 in MeOH) of 3-O-CQA, 4-O-CQA, 5-O-CQA, ferulic acid, quercetin, vicenin-2, and rutin. Each calibration graph was used to quantify the corresponding compound or (semi)quantify compounds of the same chemical family. Chromatograms were recorded at 320 nm for phenolic acids and 350 nm for flavonoids. 

2.5. Total phenolic content and antioxidant activity of all extracts
The procedure of the following assays was adapted from (Spínola, Llorent-Martínez, Gouveia, & Castilho, 2014). Measurements were recorded using an UV/Vis spectrophotometer (Cary 50 Bio, Varian; Agilent, Madrid, Spain). The following extracts were analysed: a) before in vitro digestion: DE (MeOH) and DE (H2O); b) after in vitro digestion of DE (H2O): soluble fraction (SF; supernatant) and residual fraction (RF; remaining solid).
TPC was performed by the Folin-Ciocalteu assay: 50 µL of sample (2-4 mg mL-1 extract in MeOH) was mixed with 1.25 mL FCR (dilution 1:10 with water) and 1 mL of 7.5% Na2CO3. Solutions were kept in the dark at room temperature for 30 min. Then, the absorbance was measured at 765 nm. Results were expressed as mg gallic acid equivalent (GAE) per g of dried extract. 
Antioxidant activity was evaluated by the DPPH and ABTS·+ radical scavenging assays. DPPH assay (Spínola et al., 2014): 100 µL of sample (1-2 mg mL-1 extract in MeOH) was mixed with 3.5 mL DPPH radical solution (0.06 mmol L-1 in MeOH). Samples were kept in the dark at room temperature for 30 min. Then, the absorbance was measured at 516 nm. Results were expressed as µmol of Trolox per 100 g of dried extract. ABTS assay: ABTS•+ was generated by mixing 50 mL of ABTS solution (2 mmol L-1 in H2O) with 200 µL of K2S2O8 (70 mmol L-1 in H2O). The solution was kept in the dark for 16 h to allow reaction and the absorbance was adjusted to 0.7 ± 0.02 at 734 nm by adding EtOH. 100 µL of sample (0.5-1 mg mL-1 extract in MeOH) was mixed with 1.8 mL of ABTS•+ solution. These solutions were kept in the dark at room temperature for 10 min and the absorbance measured at 734 nm. Results were expressed as µmol of Trolox per 100 g of dried extract.

3. Results and discussion
Here we report the phytochemical profile, TPC, and antioxidant activity of the following extracts of the aerial parts of J. glutinosa (used to prepare infusions): a) DE (MeOH); b) DE (H2O); c) SF (supernatant) and RF (solid) after in vitro digestion of DE (H2O). The DE (MeOH) and DE (H2O) were analysed to evaluate the original phytochemical content. However, only the DE (H2O), which simulated a normal infusion of the plant, was submitted to in vitro digestion. The differences observed in each extract will be further discussed.

3.1. HPLC-ESI-MSn for identification of phenolics in aqueous and MeOH extracts
We carried out the identification of the compounds by HPLC-ESI-MSn using the negative ion mode. The identification of compounds is shown in Table 2.
TABLE 2


3.1.1. Phenolic acids
Ten caffeoylquinic acids were present in the analysed extracts, five mono-caffeoylquinic acids ([M-H]- at m/z 353), four di-caffeoylquinic acids ([M-H]- at m/z 515), and one tri-caffeoylquinic acid ([M-H]- at m/z 677). We identified compounds 6, 9, and 10 as 5-O-, 3-O-, and 4-O- caffeoylquinic acids, respectively, by comparison with analytical standards. The identification of compounds 17, 25, 28, and 31 was carried out using the hierarchical key proposed by Clifford et al. (Clifford, Knight, & Kuhnert, 2005). Compounds 34 and 38 were characterised as dicaffeoylquinic and tricaffeoylquinic acids, respectively.
Compound 5 suffered the neutral loss of 162 Da, yielding dihydroxybenzoic acid at m/z 153 (fragmentation pattern compared with an analytical standard). This is in agreement with the fragmentation pattern of dihydroxybenzoic acid-O-hexoside (Han et al., 2008). 
Compound 8 exhibited [M-H]- at m/z 341 and suffered the neutral loss of hexoside to yield caffeic acid at m/z 179 (main fragment ion at m/z 135). The fragment ions at m/z 281 [M-60-H]- and 251 [M-90-H]- indicated that this compound was caffeic acid-C-hexoside. 
Compound 18, [M-H]- at m/z 367, presented the base peak at m/z 191 and, due to absence of a fragment ion at m/z 179, it was identified as 5-O-feruloylquinic acid (Clifford, Johnston, Knight, & Kuhnert, 2003).
Compound 33 displayed the deprotonated molecular ion at m/z 529, and the fragment ions at m/z 367, 193, and 173 agree with feruloyl-caffeoylquinic acid (Ye, Yan, & Guo, 2005).

3.2.2. Flavonoids
Three mearnsetin glycosides (compounds 11, 23, and 24) were characterised. The aglycone mearnsetin was identified by the fragment ion at m/z 331 and its fragmentation pattern (Han et al., 2008). The neutral losses of 176 and 162 Da in the mentioned compounds were indicative of glucuronide and hexoside groups.
The identification of quercetin, vicenin-2, and rutin, was performed by comparison with analytical standards. Compound 22 corresponded to quercetin glucuronide (loss of 176 Da).
Compound 26, with [M-H]- at m/z 593, suffered the neutral loss of 308 Da (rutinoside), yielding kaempferol at m/z 285.
Three isorhamnetin (315→300 fragmentation) were detected. Compound 27 was a rutinoside, whereas compounds 29 and 30 were glucuronide isomers, all of them O-glycosides.
Three trimethoxy-flavonoids were tentatively characterised (compounds 35, 36, and 39) considering the three consecutive losses of methyl groups (15 Da).

3.2.3. Other compounds
Compound 2 was identified as a disaccharide due to the [M-H]- at m/z and its fragmentation pattern (Verardo, Duse, & Callea, 2009). 
Compound 13 was characterised as the formate adduct of roseoside (vomifoliolglucoside or drovomifoliol-O-β-D-glucopyranoside) (Spínola et al., 2014).
Compound 14, with [M-H]- at m/z 387, exhibited fragment ions at m/z 207, 163, and 145, characteristic of the lignan medioresinol (Ozarowski et al., 2013). Compound 32, with additional 162 Da, corresponded to its hexoside.
Compound 15 suffered two consecutive losses of caffeoyl moieties, yielding altraric acid at m/z 209. It was characterised as dicaffeoylaltraric acid considering bibliography (Dudek, Dudkowski, Bazylko, Kaźmierski, & Kiss, 2016).
Compound 19 displayed the [M+COOH-H]- at m/z 565 and MSn fragment ions at m/z 357, 339, 327, 324, and 309, which corresponded to 4-methyl-3-methoxy-9α-hydroxyligballinol-O-glucoside (formate adduct) (Ye et al., 2005).
3.2. Quantification of phenolic compounds in all extracts
We quantified 14 compounds in the extracts obtained, as minor or overlapping compounds could not be accurately quantified. The results for the quantification of individual compounds are summarised in Table 3. 
TABLE 3
First, the quantification of the compounds in DE (MeOH) revealed that phenolic acids were the most abundant compounds, particularly dicaffeoylquinic acids. However, we prepared the infusion in a traditional way, to confirm the presence of phenolics in the real solution that would be directly consumed. In this case – DE (H2O) - the amount of phenolics was higher than in DE (MeOH). Phenolic acids represented more than 90% of the TIPC (total individual phenolic content), with 3,5- and 4,5- dicaffeoylquinic acids being the most abundant compounds, although significant amounts of other phenolics were also observed. 
The difference observed in TIPC (mg/g DE) in DE (MeOH) and DE (H2O) was not particularly high. However, it has to be considered that a higher amount of DE was obtained with boiling water than MeOH. Hence, the total amount of phenolics (mg) was much higher in the infusion than in MeOH, demonstrating thus the efficacy of the infusion preparation to extract phenolics from J. glutinosa. 
Second, we simulated the in vitro gastrointestinal digestion of the infusion and, after centrifugation, the remaining amounts of phenolics were quantified in both SF and RF. This study is crucial, as the bioactive compounds need to survive the digestion procedure, so they are bioaccessible for the organism. Although the stability of phenolics during the in vitro digestion has been studied in different samples, the lack of a standard digestion protocol makes the comparison of results very difficult (Gayoso et al., 2016; Minekus et al., 2014). In the analysed samples, approximately 10% of mono-caffeoylquinic acids remained in the liquid fraction (SF) after the digestion. Other compounds were also detected but their concentrations were very low and could not be quantified. High losses of caffeoylquinic acids have also been reported by other authors after in vitro digestion of herbal infusions (Siracusa et al., 2011). In addition, we quantified some phenolics in the residual fraction, which implies a larger amount of available compounds, that could be metabolised by the microflora in the colon, increasing phenolic bioavailability (Tuohy, Conterno, Gasperotti, & Viola, 2012).

3.3. Total phenolic content and antioxidant assays in all extracts
Although the individual phenolic content of the extracts was determined by HPLC-DAD-MS, many authors report the TPC by conventional assays. Hence, we also determined TPC by the usual assay (Fig. 1). The TPC results were in agreement with those of HPLC: the infusion had the highest TPC, followed by the MeOH extract and, finally, the digested samples (higher TPC in SF than RF). Similarly, the non-digested solutions presented higher antioxidant activity (Fig. 1) than digested samples. The TPC values here observed are similar to those reported for J. montana (Eissa, González-Burgos, Carretero, & Pilar Gómez-Serranillos, 2013).
The results obtained in ABTS and DPPH assays differed from the TPC values. ABTS values were the highest in the infusion, whereas DPPH was higher in MeOH than in water. These discrepancies can be attributed to the different mechanisms of the assays. The low antioxidant activity of the digested samples agrees with the degradation of phenolics that was observed during the digestion procedure (Table 3), although this decrease is highly variable for different infusions (Chen et al., 2013).
FIGURE 1

Conclusions
We have determined the total and individual phenolic contents of extracts of aerial parts of J. glutinosa, commonly used for preparing herbal teas. Although the aqueous extract presented higher amounts than MeOH, both extracts were particularly rich in dicaffeoylquinic acids. The antioxidant activity was also evaluated, observing differences in the performed assays, probably due to the different mechanisms involved. Although the analysed species exhibited high amount of phenolics, a simulated in vitro digestion was carried out to study the stability of the phytochemicals found. As expected, a high percentage of the compounds was lost during this process, although antioxidant activity was still observed in the digested solution. In addition, several dicaffeoylquinic acids remained unaltered in the residual solid. This study completes the scarce information concerning J. glutinosa and, although a small fraction of the phenolics remain in the soluble fraction after the digestion, the high amount of caffeoylquinic acids present in the aerial parts of this species makes it a valuable source of bioactive compounds with potential applications in the food industry.
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Table 2
Characterization of the MeOH and aqueous extracts of J. glutinosa.
	Nº
	tR
(min)
	[M-H]-
m/z
	m/z (% base peak)
	Assigned identification
	MeOH
	H2O

	1
	1.8
	191
	MS2 [191]: 192 (56), 191 (100), 173 (77), 127 (27), 111 (33) 
MS3 [191→173]: 111 (100) 
	Citric acid*
	
	

	2
	1.8
	377
	MS2 [377]: 341 (100), 179 (13) 
MS3 [377→341]: 179 (100), 143 (25), 131 (16), 119 (21) 
MS4 [377→341→179]: 161 (100)
	Disaccharide (HCl adduct)
	
	

	3
	2.0
	353
	MS2 [353]: 191 (100), 179 (38), 135 (9),  
MS3 [353→191]: 191 (100), 173 (17), 127 (30), 109 (28) 
	Caffeoylquinic acid

	
	

	4
	3.1
	353
	MS2 [353]: 191 (100), 179 (29), 173 (18), 135 (5) 
MS3 [353→191]: 191 (100), 173 (43) 172 (35)
	Caffeoylquinic acid

	
	

	5
	3.7
	315
	MS2 [315]: 153 (100), 109 (13)
MS3 [315→153]: 123 (100), 109 (70)
	Dihydroxybenzoic acid-O- hexoside
	
	

	6
	5.3
	353
	MS2 [353]: 191 (100), 179 (43), 135 (12)  
MS3 [353→191]: 173 (18), 127 (24), 191 (100)
	5-O-caffeoylquinic acid*
	
	

	7
	6.3
	433
	MS2 [433]: 227 (15), 205 (100)
MS3 [433→205]: 143 (49), 115 (100)
	Unknown
	
	

	8
	6.9
	341
	MS2 [341]: 281 (100), 251 (86), 221 (25), 179 (52)
MS3 [341→281]: 221 (26), 179 (100), 135 (17)
MS4 [341→281→179]: 135 (100)
	Caffeic acid-C-hexoside
	
	

	9
	8.9
	353 
	MS2 [353]: 191 (10), 179 (32), 173 (100), 135 (5) 
MS3 [353→173]: 111 (100)
	3-O-caffeoylquinic acid*
	
	

	10
	9.2
	707 
	MS2 [707]: 353 (100) 
MS3 [707→353]: 191 (18) 179 (32), 173 (100)
	4-O-caffeoylquinic acid (dimer)*
	
	

	11
	10.0
	669
	MS2 [669]: 493 (100), 331 (56)
MS3 [669→493]: 331 (100), 316 (13)
MS3 [669→493→331]: 316 (100), 287 (6), 271 (6)
	Mearnsetin-O-glucuronide-O-hexoside
	
	

	12
	10.4
	305
	MS2 [305]: 305 (34), 225 (100)

	· Unknown
	
	

	13
	10.6
	431
	MS2 [431]: 386 (20), 385 (100), 223 (11), 153 (7) 
MS3 [431→385]: 223 (100), 205 (75), 161 (41), 159 (20), 153 (59) 
	Roseoside (formate adduct)
	
	

	14
	11.0
	387
	MS2 [387]: 369 (23), 207 (100), 179 (12), 163 (80), 161 (30) 
MS3 [387→207]: 189 (6), 163 (100), 145 (34)
	Medioresinol
	
	

	15
	11.6
	533
	MS2 [533]: 371(100), 209 (19), 191 (10) 
MS3 [533→371]: 209 (100), 192 (8), 191 (29), 129 (10) 
MS4 [533→371→209]: 191 (11), 190 (100)
	Dicaffeoylaltraric acid
	
	

	16
	12.7
	593
	MS2 [593]: 575 (2), 503 (21), 474 (33), 473 (100), 383 (57), 353 (73), 
MS3 [593→473]: 383 (11), 354 (12), 353 (100), 325 (8) 
MS4 [593→473→353]: 325 (100), 297 (68), 253 (37), 157 (72), 145 (32)  
	Vicenin-2*
	
	

	17
	13.9
	515
	MS2 [515]: 353 (100), 335 (46), 191 (14), 179 (66)  
MS3 [515→353]: 191 (100), 179 (37), 135 (22) 
	1,3-di-O-caffeoylquinic acid
	
	

	18
	14.6
	367
	MS2 [367]: 191 (100), 173 (30) 
MS3 [367→191]: 191 (100), 134 (28), 129 (15) 
	5-O-feruloylquinic acid
	
	

	19
	19.0
	565
	MS2 [565]: 519 (7), 357 (21), 339 (100), 327 (69)  
MS3 [565→339]: 325 (28), 324 (100), 309 (10)   
MS4 [565→339→324]: 309 (100)
	4-methyl-3-methoxy-9α-hydroxyligballinol-O-glucoside (formate adduct)
	
	

	20
	19.8
	609
	MS2 [609]: 301 (100), 271 (7)
MS3 [609→301]: 271 (15), 255 (29), 179 (100), 151 (37)
	Rutin*
	
	

	21
	20.1
	477
	MS2 [477]: 431 (100), 413 (34)
MS3 [477→431]: 413 (100), 269 (12), 179 (16)
	Unknown
	
	

	22
	20.9
	477
	MS2 [477]: 301 (100), 179 (4)
MS3 [477→301]: 257 (10), 179 (100), 151 (46)
	Quercetin-O-glucuronide
	
	

	23
	21.1
	507
	MS2 [507]: 331 (100)  
MS3 [507→331]: 316 (100)
MS4 [507→331→316]: 287 (100), 271 (45) 
	Mearnsetin-O-glucuronide
	
	

	24
	21.4
	493
	MS2 [493]: 331 (100)
MS3 [493→331]: 316 (100)
MS4 [493→331→316]: 287 (77), 271 (100)
	Mearnsetin-O-hexoside
	
	

	25
	22.9
	515
	MS2 [515]: 353 (100), 335 (7), 191 (9) 179 (13), 173 (26)  
MS3 [515→353]: 191 (61), 179 (79), 173 (100), 191 (39), 135 (17)
	3,4-di-O-caffeoylquinic acid
	
	

	26
	23.0
	593
	MS2 [593]: 285 (100)
MS3 [593→285]: 257 (100), 241 (42), 229 (18), 151 (12)
	Kaempferol-O-rutinoside
	
	

	27
	23.8
	623
	MS2 [623]: 315 (100)
MS3 [623→315]: 300 (100)
MS3 [623→315→300]: 271 (67), 255 (100), 151 (22)
	Isorhamnetin-O-rutinoside
	
	

	28
	24.4
	515
	MS2 [515]: 353 (100), 191 (10) 179 (4) 
MS3 [515→353]: 191 (100), 179 (46), 135 (8) 
	3,5-di-O-caffeoylquinic acid
	
	

	29
	24.7
	491
	MS2 [491]: 315 (100), 300 (12)
MS3 [491→315]: 300 (100), 271 (9)
	Isorhamnetin-O-glucuronide
	
	

	30
	25.7
	491
	MS2 [491]: 315 (100), 300 (12)
MS3 [491→315]: 300 (100), 271 (32)
	Isorhamnetin-O-glucuronide
	
	

	31
	26.2
	515
	MS2 [515]: 353 (100), 335 (3), 299 (8), 203 (20), 173 (17), 179 (11)  
MS3 [515→353]: 191 (23), 179 (61), 173 (100), 135 (11)
	4,5-di-O-caffeoylquinic acid

	
	

	32
	27.4
	549
	MS2 [549]: 387 (100)
MS3 [549→387]: 207 (100), 163 (48)
	Medioresinol-O-hexoside
	
	

	33
	29.6
	529
	MS2 [529]: 367 (100)
MS3 [529→367]: 193 (100), 173 (22)
MS4 [529→367→193]: 134 (100)
	Feruloyl-caffeoylquinic acid
	
	

	34
	30.6
	515
	MS2 [515]: 353 (100), 173 (13)
MS3 [515→353]: 191 (85), 179 (73), 173 (100)
	Dicaffeoylquinic acid
	
	

	35
	33.6
	343
	MS2 [343]: 328 (100)
MS3 [343→328]: 313 (100)
MS4 [343→328→313]: 298 (27), 285 (69), 270 (100)
	Trimethoxy flavonoid
	
	

	36
	35.2
	373
	MS2 [373]: 358 (100), 343 (14)
MS3 [373→358]: 343 (100)
MS4 [373→358→343]: 328 (50), 315 (77), 300 (100)
	Trimethoxy flavonoid
	
	

	37
	35.8
	301
	MS2 [301]: 179 (84), 151 (100)
	Quercetin*
	
	

	38
	37.3
	677
	MS2 [677]: 515 (100), 353 (13), 335 (2)
MS3 [677→515]: 354 (18), 353 (100), 335 (10), 203 (8), 191 (7), 179 (14), 173 (18)
	Tricaffeoylquinic acid
	
	

	39
	38.0
	345
	MS2 [345]: 330 (100)
MS3 [345→330]: 315 (100)
MS4 [345→330→315]: 287 (100), 271 (30)
	Trimethoxy flavonoid
	
	


*Identified with analytical standards



Table 3
Quantification of compounds in extracts of J. glutinosa before and after a simulated in vitro digestion.
	
	
	
	Non-digested
	
	Digested*

	Nº
	Assigned identification
	
	MeOH
	H2O
	
	Soluble fraction
	Residual fraction

	Phenolic acids
	
	
	
	
	
	

	6
	5-O-caffeoylquinic acid
	
	17.3 ± 0.2
	37.4 ± 0.7
	
	3.7 ± 0.7
	0.2 ± 0.2

	 8
	Caffeic acid-C-hexoside
	
	0.33 ± 0.01
	0.44 ± 0.02
	
	-
	-

	9
	3-O-caffeoylquinic acid
	
	13.9 ± 0.7
	38 ± 2
	
	2.3 ± 0.4
	0.2 ± 0.1

	10
	4-O-caffeoylquinic acid
	
	5.4 ± 0.3
	20 ± 1
	
	2.8 ± 0.3
	0.10 ± 0.01

	18
	5-O-feruloylquinic acid
	
	0.07 ± 0.01
	0.26 ± 0.01
	
	-
	-

	25
	3,4-di-O-caffeoylquinic acid
	
	6.5 ± 0.4
	15.4 ± 0.5
	
	-
	0.51 ± 0.03

	28
	3,5-di-O-caffeoylquinic acid
	
	102 ± 4
	98 ± 2
	
	-
	1.5 ± 0.5 

	31
	4,5-di-O-caffeoylquinic acid
	
	41 ± 1
	46 ± 2
	
	-
	1.2 ± 0.2

	34
	Dicaffeoylquinic acid
	
	-
	0.59 ± 0.01
	
	-
	-

	Total
	
	186 ± 4
	256 ± 4
	
	8.8 ± 0.9
	3.71 ± 0.6

	Flavonoids
	
	
	
	
	
	

	16
	Vicenin-2
	
	0.23 ± 0.02 
	0.43 ± 0.04
	
	-
	-

	20
	Rutin
	
	4.7 ± 0.1
	4.09 ± 0.08
	
	-
	0.017 ± 0.009

	22
	Quercetin-O-glucuronide
	
	7.6 ± 0.2
	8.2 ± 0.4
	
	-
	0.07 ± 0.01

	23
	Mearnsetin-O-glucuronide
	
	5.6 ± 0.2
	8.4 ± 0.7
	
	-
	-

	37
	Quercetin
	
	0.19 ± 0.02
	-
	
	-
	-

	Total
	
	18.3 ± 0.3
	21.1 ± 0.08
	
	-
	0.09 ± 0.01

	TIPC
	
	205 ± 4
	277 ± 4
	
	8.8 ± 0.9
	3.8 ± 0.6


*Digestion of the aqueous extract (infusion)
Values (mg g-1 DE) are mean ± SD of three parallel measurements.


Figure captions
Fig. 1. Total phenolic content and antioxidant activity of J. glutinosa extracts. Before in vitro digestion: DE (MeOH) and DE (H2O). After in vitro digestion: SF (soluble fraction; supernatant) and RF (residual fraction; solid).


