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Abstract

Meat lipids oxidation during digestion gives risea post-prandial oxidative stress condition, which
negatively affects human health. Mediterranean Degjetables contain high amount of phenolic
compounds, which potentially may reduce the oxidgaphenomena during digestidm. vitro co-
digestion of turkey meat with a typical MediterraneDiet salad containing tomato, onion, black
olives, extra-virgin olive oil (EVOO) and basil, si»dependently reduced lipid peroxidation. Onion
and EVOO were more effective in limiting oxidatitihan the other foods, resulting in negligible
concentrations of lipid hydroperoxides after digest Specific phenolic classes dominated the
phenolic profile of the different foods, such asvinols and anthocyanins in onion, phenolic acids
in tomato and basil, and tyrosol-derivatives ircklalives and EVOO. The correlation between lipid
peroxidation inhibition, phenolic constituents arttioxidant properties was evaluated by principal
component analysis (PCA). Flavonols and anthocyeseire the major contributors to the bioactive
response of vegetable foods.

Keywords. onion, mass spectrometry, lipid hydroperoxidies;dnols, anthocyanins, antioxidant

activity
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1. Introduction

Poly-unsaturated fatty acids peroxidation duringtgaintestinal digestion of foods is an oxidative
phenomenon, which may result in the generatiomxittcompounds such as lipid hydroperoxides
and lipid oxidation end-products that might advBrséfect human health (Nogueira et al. 2016;
Perse, 2013; Sies et al., 2005).

Meat is peculiarly vulnerable to lipid oxidationedto its content of poly-unsaturated fatty acids
such as linoleic, linolenic, arachidonic, and da@dwxaenoic acids and high concentrations of iron
catalysers (Tirosh, et al. 2015). In fact, higlak#s of meat are usually associated to an increased
risk of colorectal cancer and cardiovascular dise&Sasso and Latella 2018; Ferguson, 2010;
Micha et al. 2010). It has been supposed thatigksmay be not caused by meat per se but a
consequence of high-fat intake, generation of oagens during meat processing as well as
oxidation of poly-unsaturated fatty acids that asaduring cooking and gastro-intestinal digestion
(Ferguson, 2010; Gorelik et al. 2013; Kanner anpid@at 2001; Martini et al. 2018). In addition,
lipid peroxidation proceeds promptly when the raeatnstructure is broken such as after cooking
and mastication (Papuc et al. 2017).

The formation of hydroxyl (HOe) and perhydroxy (H®®@adicals as well as the generation of
perferrylmioglobin-containing peptides are consadiethe main pathways to free radical chain
reaction initiation of lipid peroxidation during sfao-intestinal digestion of meat (Carlsen and
Skibsted 2004; Oueslati et al. 2016; Tagliazuctli.€2010; Martini et al. 2018). Ferrous iron and
dissolved oxygen may generateeQwhich at low pH such as found in the gastric eulforms
HOO-. Indeed, acidic disproportionation of«Gmay produce hydrogen peroxidex(d4) and

oxygen (Oueslati et al. 2016). The formation of HOpossible by ED. decomposition, catalysed
by ferrous iron(Fenton reaction), or by, reaction with @~ (Haber—Weiss reaction) (Papuc et
al. 2017). These reactive species are able taiaitipid peroxidation by subtracting a hydrogen
from lipids and generating a fatty acyl radical)(L*he resulting radical may react with dissolved

oxygen to form a hydroperoxyl radical (LOO¢), whicén further abstract a hydrogen atom from
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another unsaturated fatty acyl group (LH) produ@new fatty acyl radical (L¢) and a lipid
hydroperoxide (LOOH). In the presence of ferroos i(F&"), lipid hydroperoxide can decompose
giving rise to a vast range of volatile and nonatitd compounds, collectively known as advanced
lipoxidation end-products (Papuc et al. 2017).

Since meat is considered the best dietary souresseitial amino acids and contains an array of
important micronutrients such as iron, zinc, selemipotassium and a range of B-vitamins, it is
essential for optimal health throughout the lifdey®ue to this, the elimination of meat from the
diet does not seem to be a nutritionally concratdegyy (Binnie et al. 2014). A recent proposed
strategy suggests consuming meat with foods ri@ntroxidant compounds typical of the
Mediterranean Diet to mitigate the production pfdioxidation toxic compounds during meat
digestion (Gorelik et al. 2013; Kanner et al. 2017)

Recently,n vitro andin vivo studies have demonstrated that oxidation duriggstion of various
type of meat can be reduced when is combined webditdrranean Diet antioxidant-rich foods such
as red wine, herbs, spices and extra-virgin oliV€Gorelik et al. 2008a; Gorelik et al. 20Q8kan
Hecke et al. 2017; Martini et al.,2018).

Although Mediterranean Diet pattern is often ddssxlias being low in meat intake, in the last
twenty years a general increased consumption of (@specially in pork and poultry) has been
observed in Mediterranean countries (Leone etl72Chamorro et al. 2012). Nevertheless, in the
typical Mediterranean cuisine meat is consumedmhanation with antioxidant-rich vegetable
foods such as tomatoes, onions, herbs and exgaxrwlive oil.

Therefore, this study was designed to understatietiCombined consumption of a typical
Mediterranean Diet salad (containing tomatoes, r)iblack olives, fresh basil and extra-virgin
olive oil) with grilled turkey meat could affectdloxidative phenomena duringvitro gastro-
intestinal digestion. Vegetable foods were alsaattarized for their phenolic profile by LC-ESI-
IT-MS/MS and for their antioxidant properties. Mowver, to gain more information about the role

of phenolic compounds, co-digestions between grillekey meat and extracted phenolic fractions



68 were carried out. Finally, multivariate analysissvegoplied to investigate the relationships between
69 the phenolic composition, the antioxidant propertad the lipid peroxidation inhibitory activity of

70 tested vegetable foods.
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2. Materials and methods

2.1. Materials

All of the digestive enzymesi{amylase from porcine pancreas, pepsin from porgastric mucosa
and pancreatin from porcine pancreas), phenoliwstas and reagents for analytical determination
were obtained from Sigma-Aldrich (Milan, Italy)he mass spectrometry reagents and solvents for
phenolic compounds extraction were obtained frooRBBid (Hercules, CA, USA). Turkey breast
meat pectoralis major) and vegetables were purchased in a local supketin@eggio Emilia,

Italy).

2.2. Preparation of the Mediterranean Diet salad

The salad was prepared following the typical re¢ipen South Italy. The Mediterranean Diet salad
contained 200 g of tomato, 25 g of pink onion, 26fdlack olives, 10 g of extra-virgin olive oil
(EVOO) and 0.5 g of fresh basil. The above quatitvere intended as a salad dish consumed with
100 g of cooked turkey medtigure S1 shows a visual impact of the proportion of thegkn

vegetables in the Mediterranean Diet salad anbeosalad/meat proportion.

2.3. In vitro co-digestion of grilled turkey breast meat with the Mediterranean Diet salad and
determination of lipid hydroperoxides

Turkey breast meat (average size of 10x15x0.4 cas)gvilled at 140°C for 5 min until complete
cooking was achieved. After cooking, the meat wadezl on ice and stored at -80°C overnight.
Mediterranean Diet salad was prepared by mixingsthgle fresh vegetables in the proportion
reported above. For the digestion, 10 g of frozeatmvas homogenized in a laboratory blender
together with 26.05 g of the Mediterranean DieadalAn aliquot of 5 g of the homogenate was
then used for thn vitro digestion experiments following the protocol pmsly developed within
the COST Action INFOGEST (Minekus et al. 2014). Glated salivary, gastric, pancreatic and bile

fluids were prepared according to Minekus et 801@). To simulate the oral phase, 5 g of
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homogenate were mixed with 5 mL of simulated sajifaid containing 150 U/mL of porcine-
amylase and incubated for 5 min at 37°C in a nogatvheel (10 rpm). The gastric phase was
carried out by adding 10 mL of simulated gastnigdito the bolus. The pH was adjusted to 3.0 with
HCI 6 mol/L and supplemented with porcine pepsO@U/mL of digest). The gastric bolus was
then incubated for 120 min at 37°C in a rotatingeel(10 rpm). The intestinal digestion was
carried out by adding 10 mL of pancreatic fluid @10 trypsin activity/mL of digest) and 5 mL of
bile fluid (10 mmol/L in the total digest) to thagric bolus and adjusting the pH to 7.0. The chyme
was further incubated for 120 min at 37°C in atintawheel (10 rpm).

At the end of the digestion, lipid hydroperoxidesravextracted by 10-fold dilution in methanol
HPLC grade containing 4 mmol/L of butyl-hydroxytehe (BHT) under slow stirring for 60 min
(Tagliazucchi et al. 2010). After centrifugation3®0Qy for 15 min at 4°C, the hydroperoxides in
the supernatants were determined with the FOX aasa§0 nm adapted to a microplate reader
(Nourooz-Zadeh 1999; Martini et al. 2018). The F@¥gent contained 250nol/L of ammonium
ferrous sulphate, 10@mol/L xylenol orange, 25 mmol/L £, and 4 mmol/L BHT in 90% (v/v)
methanol HPLC grade. For the assayub®f extracted sample were added to 140of FOX
reagent and incubated for 30 minutes at room teatyes. The hydroperoxides content was
expressed in nmol 2. equivalents per g of meat.

In the control digestion, 10 g of cooked meat waneed with 26.05 g of distilled water (in place of
the salad) and homogenized as reported abovenhMieo digestion was carried out exactly as
reported above. At the end of the digestion lipidrioperoxides were extracted and quantified,
representing the amount of lipid hydroperoxidesegated during the digestion of meat without
vegetables.

The dose-response effect of the Mediterraneandaiad was assessed by homogenising 10 g of
cooked meat with 13.025 g of salad (plus 13.025water) and with 6.51 g of salad (plus 19.54 g
of water). After that, the homogenates were subgetain vitro digestion and lipid hydroperoxides

guantification.
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Finally, a blank digestion, which included only #p@stro-intestinal juices and enzymes and water
in place of meat and salad, was carried out toidenshe possible impact of the digestive enzymes

and fluids in the subsequent analysis.

2.4. Extraction of phenolic compounds from vegetables and extra-virgin olive oil

Phenolic compounds from extra-virgin olive oil (E@pPwere extracted following the procedure
reported in Martini et al. (2018). Briefly, 15 graraf EVOO were mixed with 15 mL of a solution
of methanol/water (70:30, v/v) and incubated fod b@nutes at 30°C in a rotary wheel. After
incubation, the mixture was centrifuged at 39@8 30 minutes at 4°C. When extraction was
completed, the samples were stored on freezereshalv—20°C and allowed to stand overnight for
lipid precipitation and separation. The liquid sup@¢ant containing phenolics was withdrawn and
stored at -20°C until analysis.

Phenolic compounds from vegetables were extractagtang the procedure reported in Martini et
al. (2017). Vegetables (10 g) were homogenized 2@timL of methanol/water solution (70:30,
v/v) and incubated for 30 min at 37°C. Homogenaterse then centrifuged (609020 min, 4°C)
and the collected supernatant filtered on papee.filinates were concentrated by a rotary

evaporator and re-dissolved in 10 mL of water.

2.5. In vitro co-digestion of grilled turkey breast meat with single salad ingredients and

vegetables phenolic fractions

In these co-digestion experiments, vegetable satgédients (tomatoes, onions, black olives,
EVOO and fresh basil) were added singularly toghked turkey breast meat in the same
proportions as found in the Mediterranean Dietcidf@r the experiments, 10 g of cooked meat
were homogenized in presence of 20 g of tomatcs(Pl05 g of water) or 2.5 g of onion (plus 23.55
g of water) or 2.5 g of black olives (plus 23.56fgvater) or 1 g of EVOO (plus 25.05 g of water)

or 0.05 g of fresh basil (plus 26 g of water). Taneportion meat/ingredients were 200% tomato,
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25% onion or black olives, 10% EVOO and 0.5% basipect to meat (w/w). After that, the

vitro digestions were carried out as reported above.

Further experiments were carried out to gain moi@mation about the effect of vegetables and
EVOO phenolic compounds on the oxidative phenonaemiagin vitro co-digestion with meat.
These co-digestions were carried out as reportedeabut replacing the vegetable foods or EVOO

with the corresponding amount of phenolic fraction.

2.6. I dentification and quantification of phenolic compounds by liquid chromatography
electrospray ionization ion trap mass spectrometer (LC-ESI-IT-MS)

Phenolic fractions were analyzed on a HPLC AgilE220 Series system equipped with a C18
column (HxSil C18 Reversed phase, 250x4.6 mpmarticle size, Hamilton Company, Reno,
Nevada, USA) as reported in Martini et al. (20ITHe mobile phase consisted of (A)®iformic
acid (99:1, v/v) and (B) acetonitrile/formic ac@d{1, v/v). The gradient started at 4% B for 0.5
min then linearly ramped up to 30% B in 60 min. Thebile phase composition was raised up to
100% B in 1 min and maintained for 5 min in ordemash the column before returning to the
initial condition. The flow rate was set at 1 mLimAfter passing through the column, the eluate
was split and 0.3 mL/min was directed to an Agil@8d0 ion trap mass spectrometer. Two MS
experiments were performed, one in ESI negativenode and one using positive ESI ionization
(for anthocyanins), under the same chromatograggmnditions. Identification of phenolic
compounds in all samples was carried out usingsttdh and data-dependent M8anning from
m/z 100 to 1500.

Phenolic compounds were quantified by using reptasge standards for each identified phenolic
class. Flavonols were quantified as quercetid-§lucoside or quercetin-@-rutinoside
equivalents. Hydroxybenzoic acids were quantifregrotocatechuic acid equivalents.
Hydroxycinnamic acids were quantified in coumaricaffeic or ferulic acid equivalents.

Flavanones and flavones were quantified as naringef-rutinoside equivalents. Tyrosol-
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derivative were quantified in hydroxytyrosol equars. Anthocyanins were quantified as
cyanidin-30O-glucoside equivalents.

ESI-MS parameters, limits of detection (LOD) andits of quantification (LOQ) for the different
standards were the same as reported in Martiri €@17).

Quantitative results were expressed as mg of congsper 100 g of vegetable or EVOO.

2.7. Antioxidant activity determination in vegetables and extra-virgin olive oil phenolic-rich

fraction

The total antioxidant properties of phenolic frans were analyzed by using five different assays.
The radical scavenging ability was assayed by usiagABTS assay according to Re et al. (1999).
For the determination of the #aeducing ability, a protocol based on the ferric
reducing/antioxidant power (FRAP) assay was utilid@enzie and Strain 1999). The capacity to
scavenge hydroxyl radical and superoxide anion weatuated according to the methods reported
by Martini et al. (2017). The results were exprdssgumol of ascorbic acid equivalent/mg of
phenolic compounds. The Fechelation ability of phenolic—rich fractions waguated by the

ferrozine assay (Karama and Pegg 2009).

2.8. Statistics

All the digestions were carried out in triplicatededata are presented as mean + SD for three
analytical replicates for each prepared samplevairate analysis of variance (ANOVA) with
Tukey’s post-hoc test was applied using Graph Psth.0 (GraphPad Software, San Diego, CA,
U.S.A.) when multiple comparisons were performeue @ifferences were considered significant

with P <0.05.
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3. Result and discussion

3.1. Effect of Mediterranean Diet salad on lipid oxidation during co-digestion with turkey breast

meat

An eight-fold increase (from 33.9 + 3.1 to 277.26:1 nmol HO./g of meat) in the amount of lipid
hydroperoxides was observed after ithhgitro gastro-intestinal digestion of turkey breast meat
without added vegetables. Whereas numerous stddtesmined the amount of lipid
hydroperoxides aftan vitro gastric digestion (Kanner and Lapidot 2001; Géretial. 2018a;
Tagliazucchi et al. 2010), very few of them meaduheir concentration aftén vitro intestinal
digestion. However, a recent study by our resegrabp showed a sharp increase in the generation
of lipid hydroperoxides during intestinal digestiohcooked turkey meat (Martini et al. 2018). This
increase could be a consequence of the bile salitsdication and micellarization of fatty acids
present in turkey meat. Berton-Carabin et al. (2@d4dnd that lipid peroxidation occurred much
faster in a water/oil system rather than in oih@®r in dispersion without emulsifier. This may be
due to several factors. First of all the formatodran interface between the aqueous phase and the
fat may favour the contact between the oxidantsth@axygen (dissolved in the aqueous phase)
and fatty acids (Berton-Carabin et al. 2014). Sdbgrit could be ascribed to the solubilisation of
lipid hydroperoxides already formed in the micellkich in turn may promote oxidation in the
micelles themselves (Donnelly et al. 1998). Findiyeejayan and von Ritter (1998) suggested that
bile salts, in the presence of iron, were ableatwbir the oxidation of arachidonic acid. The amount
of lipid hydroperoxides measured was about 23% tdhan that found by Martini et al. (2018) at
the end of the intestinal digestion.

Data inFigure 1 show that lipid hydroperoxides production from tykneat after gastro-intestinal
digestion was greatly reduced by including incregsimounts of the Mediterranean Diet salad
mixture and was totally inhibited when meat an@galere co-digested in the original proportion

(260.5 g of salad/100 g of meat). Halving the amadinthe Mediterranean Diet salad (130.3 g of

11
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salad/100 g of meat) also resulted in a complédtivition in the formation of lipid hydroperoxides
whereas further halving (65.2 g of salad/100 g eathproduced an inhibition of 49.5%igure 1).

No previous data were found in literature aboutitiinbitory activity of food combination (e.g.
salads) on the generation of lipid hydroperoxidésr gastro-intestinal digestion of meat. However,
in agreement with our results, Kanner and co-wo(Re4.7) reported an inhibition of about 90% in
the formation of malondialdheyde aftearvitro gastric digestion of meat with a Greek salad @74
of salad/200 g of meat) composed of tomato, cucuymbe pepper, green-cabbage, onion and black
olives.

Several authors demonstrated the correlation betWge peroxidation duringn vitro digestion of
meat, with or without phenolic-rich foods, and dmcentrations of lipid hydroperoxides and
lipoxidation end-products in the plasma of humalunteers after consumption of the same test
meals (Natella et al. 2011; Kanner et al. 2001 ;efHoet al. 2008a; Sirota et al. 2013). Therefore,

the results of the presemtvitro digestion study are likely to be relevant for theivo situation.

3.2. Effect of the single components of the Mediterranean Diet salad on lipid oxidation during
co-digestion with turkey breast meat

To understand which component of the Mediterrariziehsalad was mainly responsible for the
observed inhibitory effect, we carried out co-digaswith turkey meat and each single
components of the salad in the same proportioowsdfin the Mediterranean Diet salad itself. As
reported in section 2.2, the Mediterranean Dieddsalelated to 100 g of meat, consisted of 200 g of
tomato, 25 g of pink onion, 25 g of black olive8,d.of extra-virgin olive oil (EVOO) and 0.5 g of
fresh basil. This means that, for example, in theligestion between turkey meat and tomato, the
proportion between meat and tomato was 100 g of em@h200 g of tomato (200% of tomato
respect to meat; w/w). Basing on the same ratigoai@n or black olives were added in the
proportion of 25% respect meat (w/w), EVOO in thegwortion of 10% respect to meat (w/w) and

basil in the proportion of 0.5% respect to meat(w/

12
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When turkey breast meat was co-digested with thgdesicomponents of the Mediterranean Diet
salad, we observed a differential inhibition indipnydroperoxides generatioRiQure 2A). Except

for fresh basil, the addition of all the vegetatienponents of the salad during co-digestion with
turkey meat resulted in a significantly lower ambahgenerated lipid hydroperoxides. Among the
different vegetables, digests of turkey meat whBoe2onion and 10% EVOO had undetectable
levels of lipid hydroperoxides (100% inhibition)ofato, although present in a higher amount (200
g per 100 g of meat) respect to onion and EVOQOg(2&d 10 g per 100 g of meat, respectively),
showed a lower inhibitory effecP€0.05) on the generation of lipid hydroperoxidesruy co-
digestion with turkey meat (~ 75% of inhibition)ad inhibition in lipid hydroperoxides formation
was significantly lowerR<0.05) when 25% of black olives were added to tiwked turkey meat

in the digestion system (~ 62% of inhibition). Ripano significant differences were found in the
amount of lipid hydroperoxides in the digests wbes?o of fresh basil was added to turkey meat
(P>0.05).

Previous studies reported the ability of EVOO anabo to inhibit lipid peroxidation durinmn vitro
digestion of meat (Martini et al. 2018; Kanner leQ17; Tirosh et al. 2015). Kanner et al. (2017)
also found that tomato inhibited with less effeetiess lipid peroxidation during vitro gastric
digestion of turkey meat respect to onion, blackesl and EVOO. Differently from our study, they
observed a higher effectiveness of black olivepeesto onion. However, they measured the lipid
peroxidation inhibitory activity at the end of thastric phase of digestion and not after the
intestinal phase. Van Hecke et al. (2017) found din@d basil inhibited lipid peroxidation after

vitro intestinal digestion of beef when added in the @am® of 0.5% or 1% respect to meat. Instead,
in this study we found that the addition of 0.5%reth basil had no effect on lipid peroxidation
duringin vitro digestion of turkey meat. This difference was dieeelated to the fact that the same
amount (0.5%) of dried basil delivered more antiexit compounds to the digestive system respect

to the fresh herb (Henning et al. 2011).

13



275 3.3. Effect of the phenolic fractions of single components of the Mediterranean Diet salad on

276 lipid oxidation during co-digestion with turkey breast meat

277 Previous studies described a strong correlatiowdst the concentration of total phenolic

278 compounds in fruit, beverages, vegetables and spice the reduction in the lipid peroxidation
279 duringin vitro digestion of meat (Kanner et al. 2017; Van Hedka.€2017; Martini et al. 2018).
280 Therefore, the phenolic fractions extracted fromdifferent vegetables were co-digested with
281 turkey breast meafF{gure 2B).

282 Phenolic fractions extracted from onion and EVO@ eo-digested with meat at the same

283 concentration as found in 25% onion and 10% EVQ@lljoinhibited the generation of lipid

284 hydroperoxides without any differences with theadalbtained after the co-digestion of meat with
285 whole onion or EVOOR>0.05). Similarly, co-digestion of turkey breastaheith phenolic

286 fractions extracted from black olives and freshilbasulted in the same inhibitory potency as the
287 whole foods P>0.05). However, in the case of tomato phenolictiom, the effect was less

288 pronounced respect to that observed after co-dagestth whole food (58% vs 75% of inhibition;
289 P<0.05). Despite phenolic compounds, tomato isinabther lipophilic antioxidants such as

290 carotenoids and in particular lycopene (Marti eR@lL6). Previous studies described lycopene as an
291 efficient inhibitor of lipid peroxidation both in @at products and in cell cultures (Rohlik et al.
292 2013; Chisté et al. 2014). Lycopene is highly hydirabic and not extracted in the water/methanol
293 mixture used to prepare the phenolic fraction ftomato. Moreover, it can be released during the
294 intestinal phase of digestion and exert its antopielative effect (Tagliazucchi et al. 2012).

295

296 3.4. Phenalic profile of vegetables and EVOO

297 The phenolic profile of vegetables and EVOO wagstigated using a non-targeted method

298 through LC-ESI-MS/MS experiments. The mass specttata along with peak assignments and
299 retention time for the identified phenolic composraile described ihable 1. This approach

300 allowed the tentative identification of 132 compdsrfl able 1). Seven compounds (compourts

14
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23, 26, 40, 53, 95 and99) were identified by comparison with their respeetauthentic standards.
The remaining compounds were tentatively identibeded on the interpretation of the
fragmentation patterns obtained from mass spenttdog comparing their mass spectral
characteristics with the available literature. Titerpretation of the mass spectra fragmentation
patterns reported in the literature is not furttiecussed.

The profile of individual phenolic compounds as vasl the total phenolic compounds amount for
each vegetable and EVOO are reportefiable 2 andFigure 3. The highest phenolic content was
found in EVOO>tomato> black olives> onion > fresh basil < 0.05). Each single ingredients
was characterized for its specific phenolic profiftegur e 3). In tomato, hydroxycinnamic acids
were the predominant class of phenolic compoundgl¥®) whereas in fresh basil hydroxybenzoic
acids prevailed (63.3%) respect to hydroxycinnaacids (30.3%). The phenolic profile of onion
was mainly characterized by flavonols (58.3%) amith@cyanins (21.9%). EVOO and black olives
were characterized for the presence of tyrosoldéies. Concerning the individual phenolic
profile, sixty-five phenolic compounds were idemttf in tomato, which was characterized by the
presence of relevant amounts of di-hydro-ferulid-#@2-hexoside 47), caffeic acidO-hexoside

(25) and 4- and %3-caffeoylquinic acidsg6 and51). Apart from hydroxycinnamic acids, modest
amounts of hydroxybenzoic acids and flavonols vdetected in tomato. Flavanones were present
only in tomato but in very low concentrations. Tifive phenolic compounds were identified and
guantified in onionTable 2). Flavonols were the major group of phenolic coommts identified in
onion. Quercetin--hexoside-4'O-hexoside 82), quercetin-4'O-hexoside 119) and cyanidin-3-
O-malonylhexoside@4) were the main individual phenolics. With respecblack olives, a higher
prevalence of tyrosol-derivatives was noté&dlfle 2). Twenty-seven phenolic compounds were
guantified in black olives, with oleuropein aglyeofi0) and hydroxytyroso®-hexoside isomer$(
and8) present in high concentratior&milar to what was reported for black olives, sob
derivatives were the major group of phenolic commusuin EVOO, where oleuropein aglycone

(118) and ligstroside aglyconé&4) were the main individual phenolicdgble 2). Finally, twenty-
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six individual phenolic compounds were identifiedlaguantified in fresh basil with a prevalence of
phenolic acids. Syringic acid-@-pentoside 36), protocatechuic aci®-hexoside©-pentoside Z2)

and ferulic acid-49-pentoside isomer§8 and74) were the main phenolic acids.

3.4. Antioxidant properties of vegetable and EVOO phenalic fractions

Vegetables and EVOO phenolic fractions were charaetd for their ability to scavenge
superoxide anions and hydroxyl radicals as welbatheir total radical scavenging capacity
(ABTS assay). Moreover, their ability to chelaté'Fand their ferric reducing properties were
assessedl@ble 3). Black olives and onion phenolic compounds shothedighest ABTS and
hydroxyl radical scavenging activities. Insteasn#&bo phenolic compounds displayed the highest
ability to scavenge superoxide anions and the igleeric reducing ability. With respect to the
Fe?*-chelating ability, black olives and fresh basiepblic compounds were the most active.

The different antioxidant properties of the phen@iactions reflect differences in their phenolic
compositions (Martini et al. 2019). Onion and blatikes were found to be particularly rich in
guercetin- and cyanidin-derivatives and hydroxysplederivatives, respectively. These compounds
share a 3',4’-dihydroxy structure in the B-ringe(icatechol moiety) which is considered of
paramount importance to determine the ABTS anddwydradical scavenging properties (Rice-
Evans et al. 1999, Ozyurek et al. 2008, ZamoraHiddlgo 2016). Diversely, tomato and fresh
basil showed significantly lower ABTS and hydroxgtiical scavenging properties than onion and
black olives. Indeed, they were rich in phenolidacwhich showed the lowest hydroxyl radical
and ABTS scavenging activities among phenolic camps (Rice-Evans et al. 1999, Ozyirek et al.
2008). Differences between black olives and EVO@rbyyl radical and ABTS scavenging
activities may be related to the presence of amthli antioxidant compounds in black olives. The
latter contain also non-phenolic compounds sudbexsside and its methyl- and dimethyl-
derivatives, which showed radical scavenging prioge(Wang et al. 2000). Hydroxycinnamic

acids seemed to be the best superoxide aniong §0avenging phenolic compounds since the
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358
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360

361
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365

366

367

368

369

370

371

372

373

374

375

376

377

378

most active extract against*Owas tomato which was mainly consisted of hydromgamic acids
(Figure 3). Moreover, hydroxycinnamic acids were also thepounds with the highest ferric
reducing properties as suggested by the highest feducing power of tomato and fresh basil
phenolic fractions. Previous works indicated thatrbxycinnamic and hydroxybenzoic acids
displayed higher ferric reducing activities thaawtin-3-ols and glycosylated flavonols (Pulido et al
2000; Martini et al. 2019). Finally, no clear réaiship was found between the phenolic
composition and the Fechelating ability of the phenolic fractions extied from vegetables and

EVOO.

3.5. Relationship between the lipid peroxidation inhibitory activity, the phenolic profile and the
antioxidant properties of phenalic fractions extracted from vegetables and EVOO

Principal component analysis (PCA) was performeegoratory analysis allowing data
comprehension, clusters association and a quickanktidentification between phenolic
compounds determined by LC-MS/MS, the antioxidanpprties and the lipid peroxidation
inhibitory activity of vegetables and EVOO. Thigpapach can help to describe the variance
(information) in a set of multivariate data whehme priginal variables (here: phenolic classes) may
be expressed as linear combination of orthogonatipal components (PCs).

Three principal components explained about 90.5%taf variance. In particular, a bidimensional
plot (PC1xPC2 biplot) was reporteligure 4), recording the 63.3% cumulative percentage of the
total varianceFigure 4 shows a clear separation of the phenolic-rich fiogdedients, described by
the respective and representative phenolic classéact, aiming to fully understand the causative
variables for the obtained distribution and the'elation between phenolic classes and
bioactivities, they were added to the bidimensigral. ABTS and hydroxyl radical scavenging
activities and the inhibition of the lipid peroxidan displayed the same negative loading vectors on
PC1, positively correlated to the onion and itddgpphenolic classes: anthocyanins and flavonols.

This reflects their higher effectiveness in antaaat and lipid peroxidation inhibitory activities
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381
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384

385

386

387

388

389

390

391

392

393

394

than the other ingredients or phenolic classesaRieg this, the orthogonal directions of
hydroxycinnamic and hydroxybenzoic acids did ng@gast any kind of relationship. An inverse
relationship between ferric reducing power anditingition of the lipid peroxidation is depicted
by FRAP loading on PC1. The explanation could tathe mechanisms of action of the used
antioxidant activity assays. According to the chatngiof the ABTS and hydroxyl radical
scavenging assays, their mechanisms may invollethetsingle electron transfer (SET) and
hydrogen atom transfer (HAT) (Prior et 2005); whereas FRAP assay is only characterized by

single electron transfer mechanism. Indeed, thaagpto reduce Féto F&* may retain the
optimal conditions to maintain and stimulate thatba and Haber-Weiss reactions. Whereas, the
HAT mechanism might stop the lipid peroxidationatgan at several levels. Tyrosol- and
hydroxytyrosol-derivatives, describing the phengirofile of black olives and EVOO, had the same
negative loadings on PC1 of the lipid peroxidaimmbition, reflecting their possible involvement
in the peroxidation phenomena. However, the negdtiading vectors on PC2 could reflect their
intrinsic and paradoxical behaviour already invgted in Martini et al. (2018) outlining how
tyrosol- and hydroxytyrosol-derivatives peroxidatiahibitory activity is strictly related to their

final concentration.
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4. Conclusions

This study provides evidence of a protective eftédc typical Mediterranean Diet salad on lipid
peroxidation during co-digestion of turkey breastam The co-digestion carried out with the single
ingredients and phenolic extracts of the MeditezeanDiet salad displayed differences in the lipid
peroxidation inhibitory effect. With the exceptiohtomato, there were not significant differences
between the inhibitory effect of the whole ingredgeand the respective phenolic fractions,
implying that phenolic compounds were mainly resplole for the reported effect. Moreover, our
data suggested that the inhibitory effect was edléb the different phenolic composition of the
tested ingredients and that some phenolic compowspecially that with a B-ring catechol moiety
in their structure (i.e. flavonols and anthocyahimgere the most effective in reducing the oxidativ
phenomena after co-digestion with meat. This effexs ascribed to the highest radical scavenging
and hydroxyl radical scavenging activities of thesmpounds. On the contrary, phenolic acids,
which showed the highest ability to reducé*Re Fé&*, exhibited the lowest lipid peroxidation
inhibitory effect. This study gives strong evidera®ut the structure-activity relationship between
phenolic compounds and lipid peroxidation inhibjtactivity. Therefore, it is of paramount
importance to profile the phenolic composition nfiaxidant-rich foods used in this type of study
to predict their possible impact on lipid peroxidatduring the digestion of meat. Indeed, our study
underlines the importance of consuming specifidfoombinations, in specific amounts to achieve
significant biological effects.

Lipid peroxidation inhibitory properties of phemotompounds in the gastro-intestinal tract, during
a meal, may play a key role in the health effedhefMediterranean Diet. The maintenance of the
right redox balance in the gastro-intestinal ttacphenolic-rich foods seems to be a concrete

nutritional strategy for healthy living.
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Figure captions

Figure 1. Turkey breast meat lipid peroxidation as affected by Mediterranean Diet salad after
in vitro gastro-intestinal digestion. A portion of Mediterranean Diet salad contained gQfi
tomato, 25 g of pink onion, 25 g of black olive8,d of extra-virgin olive oil and 0.5 g of fresh
basil. The above quantities were intended as @ sidéé consumed with 100 g of cooked turkey
meat. Lipid hydroperoxides were expressed as niOb/g of meat. Different letters indicate that
the values are significantly differerR<€0.05). n.d. means not detected.

Figure 2. Effect of the Mediterranean Diet salad ingredientsand their phenolic-rich fractions
on the amount of lipid hydroper oxides measured at the end of the gastro-intestinal digestion

of turkey breast meat. Black column represents meat alone. Light greyrools represent the co-
digestion of meat with the different food ingrederDark grey columns represent the co-digestion
of meat with the phenolic fractions extracted frbra different food ingredients. The tested
ingredients were tomato (2009/100g of meat), o#sg/100 g meat), black olives (25 g /100 g of
meat), EVOO (10 g /100 g of meat) and fresh b&sH ¢/100 g of meat). Lipid hydroperoxides
were expressed as nmoj®¥/g of meat. EVOO: extra-virgin olive oil. Differeldtters indicate that
the values are significantly differerR € 0.05). n.d. means not detected.

Figure 3. Occurrence of phenalic classesin the tested vegetablesand EVOO. (A) Incidence of
phenolic classes in tomato, onion, fresh basill@adk olives. (B) Incidence of individual tyrosol-
derivatives in black olives and EVOO. EVOO: extiggin olive olil.

Figure 4. Principal component analysis of vegetable and EVOO phenolic-rich fractions
activities, phenolic classes and lipid peroxidation inhibitory activity. Graph of the biplot of PC1
versus PC2. The symbelidentifies the phenolic classes and the biochdmicrerties, whereas
the symbolA represents the food ingredients. FRAP: ferric cadypower; ABTS: ABTS radical
scavenging activity; HOe: hydroxyl radical scavergyactivity; Qe: superoxide anion radical

scavenging activity; EVOO: extra-virgin olive oil.
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Table 1. Mass spectral characteristics of phenolic compoiugheistified in the studied vegetables

Rt [M-HT 5

Compound (min) (m/2) MS? ion fragments (m/2)

1 _Hydroxybenzom acid>-hexoside 8.7 299 137 (100%)
isomer

2 Hydroxybenzoic acid-dihexoside 9.9 461 137 (10(®8Y (62%)

3 Hydroxytyrosol-diO-hexoside 10.7 477 153 (100%), 315 (53%), 123 (10%)

4  Hydroxytyrosol isomer* 11.2 153 123 (100%)

5  Hydroxytyrosol©-hexoside isomer 11.3 315 153 (100%), 123 (17%)

g Caffeoylquinic acid-3o-hexoside- — ; ¢ 677 515 (100%), 353 (23%), 191 (5%)
4-O-hexoside isomer

7  Vanillic acid-40O-hexoside 11.8 329 167 (100%), 152 (9%)
Hydroxytyrosol©-hexoside isomer 12.0 315 153 (100%), 123 (25%)
Hydroxytyrosol isomer 12.1 153 123 (100%)

10 Protocatechuic aci@-hexoside 12.8 315 153 (100%)

11 Caffeic acido-hexosideo- 13.7 473 341 (100%), 179 (48%), 135 (7%)
pentoside isomer

12 Syringic acid-49-hexoside 14.1 359 197 (100%), 182 (8%), 167 (5%)

13 Calceolarioside 14.1 477 323 (100%), 315 (90%), (16%)

14 Caffeoquqlnlc_ acid-30-hexoside- 14.1 677 515 (100%), 341 (21%)
4-O-hexoside isomer

15 gg‘;;ee‘;y'q“'”'c acido-hexoside 14.9 515 341 (100%), 323 (64%), 179 (57%), 353 (B4%

16 ﬁaﬁe"? acid-30-hexoside-40- 15.5 503 341 (100%), 179 (17%)

exoside

17 3:0-Caffeoylquinic acid 15.6 353 191 (100%), 179 (24935 (19%)

18 g?;‘;ee‘?y'q”'”'c acido-hexoside 15.6 515 353 (100%), 191 (82%), 179 (12%) 323 (8%)

19 Caffeoyl-coumaroylquinic acid 15.7 499 337 (100%'3 (36%), 191 (34%)

20 Rosmarinic acid 15.8 359 197 (100%), 161 (6RBR (8%0)

21 Gallic acid 15.9 169 125 (100%)

9p Protocatechuic aci®-hexosideo- ¢ 5 447 315 (100%), 271 (43%), 153 (15%)
pentoside

23 Coumaric acid* 16.7 163 119 (100%)

24 Coumaric aci®-hexoside isomer 16.9 325 163 (100%), 119 (24%)

25 Caffeic acid®-hexoside isomer 17.0 341 179 (100%), 135 (36%)

26 Caffeic acid* 17.1 179 135 (100%)

27 _Hydroxyben20|c acid>-hexoside 178 299 137 (100%)
isomer

pg Di-hydro-coumaric acid- 18.0 327 165 (100%), 121 (4%)
hexoside

29 _D|-hydro-caffe|c acido-hexoside 18.0 343 181 (100%), 137 (33%)
isomer

30 Syringic acid 18.2 197 153 (100%)



31

32

33

34
35
36

37

38

39
40
41
42
43
44
45

46

47

48

49

50
51
52
53
54
55
56

57

58

59
60
61

62

63

Caffeic acidO-hexoside©-
pentoside isomer

Feruloylquinic acid®-hexoside
isomer

Caffeoyl-8-hexose

Apigenin©-hexoside
Protocatechuic aci@-pentoside
Syringic acid-49-pentoside

Di-hydro-caffeic acid9-hexoside
isomer

Caffeoylquinic acid®-hexoside
isomer

4-O-Caffeoylquinic acictis
Ferulic acid*

Ferulic acid-40-hexoside
Quercetin-tri©-hexoside
Syringic acid-49-acetylhexoside

Syringic acid-dihexoside

Coumaric acid3-hexoside isomer

Caffeoyl-6x-hexose

Di-hydro-ferulic acid®-hexoside
Caffeoylquinic acid®-hexoside
isomer

Di-hydro-caffeic acid-30-
hexoside-40-hexoside

Medioresinol
5-0-Caffeoylquinic acidrans
Sinapic acid-43-hexoside
Cyanidin-30©-glucoside*
Cyanidin-diO-hexoside
Apigenin©-pentoside
4.O-Caffeoylquinic acidrans

Quercetin-30-rutinoside©-
hexoside©-pentoside

Feruloylquinic acido-hexoside
isomer

Peonidin-39-hexoside
Feruloyl-hexose
Caffeic acid®-hexoside isomer

Quercetin-30-hexoside-70-
hexoside

Taxifolin-O-hexoside

18.2

18.6

18.7

18.8
19.3
19.3

19.5

19.8

19.9
20.4
20.5
20.6

21.0
21.0
21.0

21.0

21.2

21.4

22.0

22.3
22.9
22.9
23.0
23.2
23.2
23.4

23.5

24.1

24.4
24.6
24.8

24.9

249

473

529

341

431
285
329

343

515

353
193
355
787
401

521
325

341

357

515

505

387
353
385
449
671
401
353

903

529

463
355
341

625

465

341 (100%), 179 (6%), 135 (4%)

367 (100%), 191 (17%)
281 (100%), 179 (83%), 251 (42%), 135 (14%), 323
(12%), 221 (9%)
269 (100%)
153 (100%), 109 (20%)
197 (100%), 182 (6%), 153 (2%)

181 (100%), 137 (9%)

323 (100%), 353 (18%), 191 (14%), 341 (5%)

173 (100%), 191 (38%)
149 (100%), 134 (82978 136%)
193 (100%)
625 (100%), 463 (52%)
197 (100%)
197 (100%Y, (8%), 183 (2%)
163 (100%), 119 (24%)

179 (100%), 135 (41%), 281 (21%), 221 (11%), 323
(8%), 251 (5%)
195 (100%), 177 (8%), 151 (8%), 136 (6%), 119
(2%)

353 (100%), 341 (74%), 191 (64%), 179 (L9%

343 (100%), 181 (9%)

207 (100%), 369 (53%), (&)
191 (100%)
223 (100%), 208 (6%)
287 (100%)
449 (100%), 287 (21%)
269 (100%)
173 (100%)

741 (100%), 609 (5%), 301 (2%)

367 (100%), 191 (60%)

301 (100%)
193 (100%), 235 (3@, (4%)
179 (100%), 135 (36%)

463 (100%), 301 (12%), 271 (7%)

303 (100%)



64
65
66

67

68
69
70
71
72
73
74
75
76
77

78

79

80

81

82

83

84

85
86
87

88

89

90

91

92
93
94
95

96

97

Cyanidin-30-malonylhexoside
Peonidin-3®-malonylhexoside
Myricetin-di-O-hexoside

Quercetin-30-rutinoside-70-
hexoside

Sinapoyl-hexose
5-0-Caffeoylquinic acictis
Oleuropein aglycone isomer
Caffeic acid9-malonylhexoside
Amentoflavone

Ferulic acid-40-pentoside isomer
Ferulic acid-40-pentoside isomer
4.O-Cumaroylquinic acid
Apigenin-6,8-dic-hexoside
5-0-Cumaroylquinic acid

Isorhamnetin-di©-hexoside
isomer

Kaempferol-32-acetylhexoside

Quercetin-70-hexoside-4'O-
hexoside

5-0-Feruloylquinic acid

Quercetin-30-hexoside-4'0-
hexoside

Kaempferol-30-hexoside-70-
hexoside

Isorhamnetin-di©-hexoside
isomer

Myricetin-7O-hexoside
SecoisolariciresindD-hexoside
Naringenir-C-hexoside

Isorhamnetin-39-hexoside-4'0O-
hexoside

Quercetin-30-rutinoside-70-
pentoside

Lariciresinol©-hexoside

Apigenin-C-hexoside©-
rhamnoside

Eriodictiol-O-hexoside
Quercetin-32-hexoside isomer
Di-hydro-quercetin
Quercetin-32-rutinoside*

Kaempferol-30-rutinoside-70-
pentoside

Luteolin©O-rutinoside isomer

25.2
25.2
254

25.4

25.8
26.5
26.5

27.5
27.5

28.0

28.6
28.9
29.1
29.3

29.5

30.0

31.3

32.2

33.6

33.8

34.1

34.4
35.0
35.1

354

36.5

37.3

37.9

38.5
39.6
39.8

39.9

40.1

40.1

535
549
641

771

385
353
377

457
537

325

325
337
593
337

639
489

625
367

625

609

639

479
523
433

639

741
521
577

449
463
303

609

725

593

287 (100%), 449 (5%)
301 (100%), 463 (6%)
479 (100%), 317 (21%)

609 (100%)

223 (100%), 208 (288,(B%), 325 (1%)
191 (100%)
197 (100%3,(61%)
341 (100%), 179 (14%)
375 (100%), 179 (14%)
193 (100%), 149 (36%, (8%)
193 (100%), 149 (36%}, (8%)
173 (100%), 163 (17%)
473 (100%), 353 (49%), 383 (33%)
191 (100%), 173 (3%3 (3%)

477 (100%), 315 (5%)
285 (100%), 255 (7%)

463 (100%), 301 (22%)
191 (100%), 173 (4%)

463 (100%), 301 (31%), 179 (4%)

285 (100%), 447 (73%), 255 (7%)

477 (100%)

317 (100%), 289 (65%)
361 (100%)
313 (100%)

315 (100%), 477 (63%), 301 (17%), 271 (6%)

609 (100%), 300 (80%)
329 (100%), 359 (15%)
341 (100%), 413 (50%), 311 (15%)

287 (100%), 151 (42%)
301 (100%), 151 (5%),(B%)
285 (100%), 267 (54257 (41%)
301 (100%), 343 (46%), 278%3, 243 (13%)

593 (100%), 285 (30%), 255 (7%), 257 (3%)

285 (100%), 447 (2%)



98
99
100
101
102
103
104
105
106
107
108
109
110
111

112

113
114
115
116
117

118

119

120

121

122

123

124
125

126

127
128
129
130
131
132

Phloretin-di€-hexoside
Quercetin-3-glucoside*
Luteolin©-hexoside
Naringenir-di-O-hexoside
Luteolin©-rutinoside isomer
PinoresinoB-hexoside
Nuzhenid
PhloretinE-hexoside
SyringaresinoB-hexoside
Verbascoside
Kaempferol-3-rutinoside
4,5-diCaffeoylquinic acid
Quercetin-3-acetylhexoside
Liquiritigenin-70-hexoside

Apigenin-O-hexoside©-
rhamnoside

Apigenin©-hexoside©-pentoside
Kaempferol-32-hexoside
3,5-diCaffeoylquinic acid
Isorhamnetin-®-hexoside

Naringenit-O-hexoside isomer
Oleuropein aglycone isomer

Quercetin-4©-hexoside

Naringenit-O-hexoside©-
pentoside

Kaempferol--hexoside

Hydroxy-decarboxymethyl-
oleuropein aglycone

Decarboxymethyl-oleuropein
aglycone

Oleuropein

Isorhamnetin-40-hexoside
Di-hydroxy-ligstroside aglycone

B-methoxylverbascoside
Coumaroyl-caffeoylquinic acid
Naringenir-O-hexoside isomer
Ligstroside

Quercetin

Ligstroside aglycone

40.1
41.0
41.5
41.6
41.7
42.0
42.4
42.9
43.3
43.5
44.4
44.5
44.9
45.0

451

45.3
45.9
46.0
46.8
46.8

47.2

47.6

47.6

48.8

49.1

49.6

49.8
50.6

50.6

51.1

52.2
52.9
56.8
60.8

64.0

597 357 (100%), 387 (91%), 477 (81%)
463 301 (100%), 151 (23%), 179 2%
447 285 (100%)
595 271 (100%)
593 285 (100%), 447 (67%)
519 359 (100%), 151 (2%)
685 523 (100%), 453 (93%), 421 (32%), 299)(3%
435 315 (100%), 345 (5%)
579 417 (100%), 181 (8%)
623 461 (100%), 315 (2%)
593 285 (100%)
515 353 (100%), 179 (18%), 335 (15%), 191 (L4%
505 301 (100%), 463 (67%), (BBY%)
417 255 (100%)
577 269 (100%)
563 269 (100%), 431 (23%)
447 284 (100%), 255 (70%), 285 (51%)
515 353 (100%), 191 (4%)
477 315 (100%), 300 (12%)
433 271 (100%)
377 307 (100%), 333 (65%), 275 (55%), 139 (12%), 345
(7%)
463 301 (100%), 179 (12%), 151 (4%)
565 271 (100%), 403 (11%)
447 285 (100%), 257 (11%)
335 199 (100%), 181 (29%)
319 195 (100%), 165 (18%)
539 377 (100%), 307 (66%), (B236), 345 (14%)
477 315 (100%), 299 (15%), 300 (12%)
393 361 (100%), 257 (79%), 323 (27%), 195 (19%), 151
(16%)
653 491 (100%), 635 §93%
499 353 @)p191 (10%), 173 (7%)
433 271 (100%)
523 361 (100%), 259 (19%)
301 151 (100%), 179 (71%)
361 291 (100%), ZI4), 223 (4%)

*identified by comparison with authentic standards

#ndicates [M+HT rather than [M—H]



Table 2. Quantitative results (mg/100 g fresh food) formbliee compounds identified in the

vegetables. Values represent means + standardiidevid triplicate determination (n.d. means not

detected).
Compound Tomato Onion Black olives EVOO Basil
Hydroxybenzoic acids
21 Gallic acid n.d. <LOQ n.d. n.d. 0.08 + 0.05
30 Syringic acid n.d. <LOQ n.d. n.d. 0.56 +£0.19
35 Protocatechuic aci@-pentoside 0.37 £0.07 n.d. n.d. n.d. n.d.
1 Hydroxybenzoic acid-hexoside 17,904 g, n.d. n.d. n.d.
isomer
o7 Hydroxybenzoic acid>-hexoside n.d, n.d. nd.  0.19+0.08
isomer
10 Protocatechuic acid-hexoside 0.20 £ 0.02 n.d. n.d. n.d. 0.08 £0.02
7  Vanillic acid-4O-hexoside 0.13+0.02 n.d. n.d. n.d. 0.13+£0.04
36 Syringic acid-49-pentoside n.d. n.d. n.d. n.d. 10.31 +0.16
12  Syringic acid-42-hexoside n.d. n.d. n.d. n.d. 0.14+£0.01
43  Syringic acid-42-acetylhexoside n.d. n.d. n.d. n.d. 0.42+0.11
g9  Protocatechuic aci@-hexoside- n.d. n.d. n.d. n.d. 7.17+£0.27
O-pentoside
2 Hydroxybenzoic acid-dihexoside  0.32 + 0.07 n.d. d.n n.d. n.d.
44  Syringic acid-dihexoside n.d. n.d. n.d. n.d. 52620.31
. . 1.19+0.11 21.33+£0.49
Total hydroxybenzoic acids (2.4%) <LOQ n.d. n.d. (63.3%)

Hydroxycinnamic acids

23 Coumaric acid 0.13+0.01 n.d. 0.04 £0.01 n.d. n.d.

26 Caffeic acid 0.28 £0.02 n.d. 0.10+0.01 n.d. n.d.

40 Ferulic acid 0.73+0.18 n.d. n.d. n.d. n.d.
24  Coumaric acid®-hexoside isomer 0.12 + 0.03 n.d. n.d. n.d. n.d.
45 Coumaric acid-hexoside isomer 0.81 +0.02 n.d. n.d. n.d. n.d.
73 Ferulic acid-49-pentoside isomer n.d. n.d. n.d. n.d. 1.73+0.13
74  Ferulic acid-49-pentoside isomer n.d. n.d. n.d. n.d. 5.35+0.49
o8 rI?(iar:()(/)dsrifj);acoumaric acid>- 0.81 £ 0.02 nd. nd. nd. nd.
75 40O-Cumaroylquinic acid 0.18 £0.08 n.d. n.d. n.d. n.d.
77 50-Cumaroylquinic acid 0.53+£0.06 n.d. n.d. n.d. n.d.
25 Caffeic acido-hexoside isomer  5.72 + 0.56 n.d. 0.67 +£0.01 n.d. 0.05+0.02

33 Caffeoyl-83-hexose 1.13+0.04 n.d. n.d. n.d. n.d.



46
61

29

37

17
39
51
56
69
41
60
47
20
81
52
68
71

11

31

13
19
128

16

49

15

18

38

48

109
115

32

58

Caffeoyl-6x-hexose
Caffeic acid®-hexoside isomer

Dihydro-caffeic acido-hexoside
isomer

Dihydro-caffeic acido-hexoside
isomer

3-O-Caffeoylquinic acid
4.0O-Caffeoylquinic acictis
5-0-Caffeoylquinic acidrans
4.0-Caffeoylquinic acidrans
5-0-Caffeoylquinic acictis
Ferulic acid-49-hexoside
Feruloyl-hexose
Dihydro-ferulic acido-hexoside
Rosmarinic acid
5-0-Feruloylquinic acid
Sinapic acid-43-hexoside
Sinapoyl-hexose

Caffeic acid9-malonylhexoside

Caffeic acidO-hexoside©-
pentoside isomer

Caffeic acidO-hexoside©-
pentoside isomer

Calceolarioside
Caffeoyl-coumaroylquinic acid
Coumaroyl-caffeoylquinic acid

Caffeic acid-30-hexoside-40-
hexoside

Dihydro-caffeic acid-3o-
hexoside-40-hexoside

Caffeoylquinic acid®-hexoside
isomer

Caffeoylquinic acid®-hexoside
isomer

Caffeoylquinic acid®-hexoside
isomer

Caffeoylquinic acid®-hexoside
isomer

4,5-diCaffeoylquinic acid
3,5-diCaffeoylquinic acid

Feruloylquinic acido-hexoside
isomer

Feruloylquinic acid®-hexoside
isomer

2.59+0.16
0.17 £ 0.05

0.55+0.05

0.69+0.12

0.18 £ 0.01
0.38 +0.17
457 £0.03
4.61+0.11
0.90 £ 0.01
1.56 £ 0.46
2.95+0.85
6.65 £ 0.63
n.d.
1.80+0.23
2.21+0.19
n.d.
0.23+0.01

n.d.

n.d.

n.d.
0.12+0.01
0.10+0.01

0.14+0.01

0.19+0.02

0.06 +0.01

0.52+0.09

0.38+0.17

0.11+0.03

1.12+0.28
0.73+0.03

1.43+£0.01

1.70+0.42

n.d.
n.d.

n.d.

n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
1.58+0.19
5.75+0.33
n.d.

n.d.

n.d.

n.d.
n.d.
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

0.39+0.04
n.d.

n.d.

n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.

n.d.

0.32+£0.09
n.d.
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.05+0.01
n.d.
0.08 £ 0.01
n.d.
2.34+0.19
n.d.
n.d.

0.16 +0.05

0.09+£0.01

n.d.
n.d.
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
0.35+0.08

n.d.

n.d.



Caffeoylquinic acid-39-hexoside- 0.3

6 4-O-hexoside isomer 3+0.06 n.d. n.d. n.d. n.d.
14 Caffeoylquinic acid-39-hexoside- , oo, o7 n.d. n.d. n.d. n.d.
4-O-hexoside isomer
Total hvdroxvcinnamic acids 47.48 £1.46 7.32+0.39 1.52+0.09 nd 10.20 £ 0.55
ydroxy (94.4%) (19.0%) (3.5%) -G (30.3%)
Flavonols
131 Quercetin n.d. 0.04+0.01 n.d. n.d. n.d.
114 Kaempferol-39-hexoside n.d. 0.09 +0.01 n.d. n.d. n.d.
121 Kaempferol-1-hexoside <LOQ 0.19+0.02 n.d. n.d. n.d.
93 Quercetin-3-hexoside isomer n.d. <LOQ n.d. n.d. n.d.
99 Quercetin-3-glucoside 0.01+0.01 0.43+0.05 0.03+0.01 n.d. n.d.
119 Quercetin-4®-hexoside n.d. 7.29+£0.40 n.d. n.d. n.d.
116 Isorhamnetin-®-hexoside n.d. 0.04 £0.01 n.d. n.d. n.d.
125 Isorhamnetin-40-hexoside n.d. 2.35+0.07 <LOQ n.d. n.d.
85 Myricetin-70-hexoside n.d. 0.01+0.01 n.d. n.d. n.d.
79 Kaempferol-32-acetylhexoside n.d. <LOQ n.d. n.d. n.d.
110 Quercetin--acetylhexoside n.d. <LOQ n.d. n.d. <LOQ
108 Kaempferol-32-rutinoside <LOQ n.d. n.d. n.d. n.d.
95 Quercetin-33-rutinoside 0.37+0.01 n.d. n.d. n.d. n.d.
g3z Kaempferol-30-hexoside-70- nd.  021+001  nd. n.d. n.d.
hexoside
g2 Quercetin-30-hexoside-70- nd.  003+001  nd. n.d. n.d.
hexoside
80 Querc_etln—70—hex03|de—4 O- nd. 0.15 + 0.01 nd. nd. nd.
hexoside
go Quercetin-30-hexoside-4'0- <LOQ  11.13+0.18 0.03+0.01 n.d. <L0Q
hexoside
78 !sorhamnetm—d@—hexos@e nd. <L0Q nd. nd. nd.
isomer
84 _Isorhamnetm-d@-hexomde nd. <L0Q nd. nd. nd.
isomer
gg |sorhamnetin-33-hexoside-4©- . g38+001  nd. n.d. n.d.
hexoside
66 Myricetin-di-O-hexoside n.d. 0.01+0.01 n.d. n.d. n.d.
96 Kaemp_ferol—SO-rut|n03|de—70— <LOQ <L0Q nd. nd. nd.
pentoside
gg Quercetin-3o-utinoside-70- 417,001 <|0Q n.d. n.d. n.d.
pentoside
g7 Quercetin-3o-rutinoside-70- 51,0901 <L0Q n.d. n.d. n.d.
hexoside
42  Quercetin-tri@-hexoside n.d. 0.08 +0.01 n.d. n.d. n.d.
57 Quercetin-30-rutinosideo- 0014001 <LOQ n.d. n.d. n.d.

hexoside©-pentoside




0.56 +0.01 22.44 +0.45 0.06 +0.01

Total flavonols (1.1%) (58.3%) (0.1%) n.d. <LOQ
Anthocyanins

53 Cyanidin-30©-glucoside n.d. 1.59 +0.02 n.d. n.d. n.d.

59 Peonidin-39-hexoside n.d. 0.45+0.01 n.d. n.d. n.d.

64 Cyanidin-30-malonylhexoside n.d. 4.29+0.24 n.d. n.d. n.d.

65 Peonidin-32-malonylhexoside n.d. 0.84 +£0.04 n.d. n.d. n.d.

54 Cyanidin-diO-hexoside n.d. 1.25+0.04 n.d. n.d. n.d.
Total anthocyanins n.d. 8(;212;))24 n.d. n.d. n.d.

Lignans

50 Medioresinol 0.04 £0.01 n.d. n.d. nd. 1.66+0.01

103 Pinoresinob-hexoside n.d. n.d. n.d. n.d. 0.07 £0.01

90 Lariciresinol©-hexoside n.d. n.d. n.d. nd. 0.40+0.04

86 SecoisolariciresindD-hexoside n.d. 0.03+0.01 n.d. n.d. n.d.

106 SyringaresinoB-hexoside n.d. 0.15+0.01 0.04%0.01 n.d. n.d.
Total lignans 0.04+0.01 0.18+0.15 0.04+0.01 nd. 2.14 £0.23

(0.1%) (0.5%) (0.1%) (6.4%)
Flavones

55 Apigenin©-pentoside 0.03+0.01 n.d. n.d. n.d. n.d.

34 Apigenin©O-hexoside 0.07 £0.02 n.d. n.d. n.d. n.d.

100 Luteolin©-hexoside n.d. n.d. 0.27 £0.02 n.d. n.d.

72 Amentoflavone n.d. n.d. 0.02+0.01 n.d. <LOQ

113 Apigenin©-hexoside©-pentoside n.d. n.d. <LOQ n.d. n.d.

g1 ApigeninC-hexosideo- 0064001  nd. n.d. n.d. n.d.
rhamnoside

112 ApigeninO-hexosideo- n.d. nd.  002+001  nd. n.d.
rhamnoside

76  Apigenin-6,8-dic-hexoside n.d. n.d. 0.01+0.01 n.d. 0.02+0.01

97  LuteolinO-rutinoside isomer n.d. n.d. 0.02 £0.01 n.d. n.d.

102 Luteolin©-rutinoside isomer n.d. n.d. 0.04 +£0.01 n.d. n.d.
Total flavones 0.16 £ 0.02 nd. 0.38+0.01 nd. 0.02 £0.01

(0.3%) (0.9%) (0.1%)
Flavanones

111 Liquiritigenin-70O-hexoside 0.02+0.01 n.d. n.d. n.d. n.d.

87 Naringenir-C-hexoside 0.01+0.01 n.d. n.d. n.d. n.d.

117 Naringenir-O-hexoside isomer  0.01 +0.01 n.d. n.d. n.d. n.d.

129 Naringenir-O-hexoside isomer  0.01 +£0.01 n.d. n.d. n.d. n.d.

92  Eriodictiol-O-hexoside 0.02+0.01 n.d. n.d. n.d. n.d.



Naringenir-O-hexoside©-

120 ; 0.01+0.01 n.d. n.d. n.d. n.d.
pentoside
101 Naringenir-di-O-hexoside <LOQ n.d. n.d. n.d. n.d.
0.09 £0.01
Total flavonones (0.2%) n.d. n.d. n.d. n.d.
Tyrosol derivatives

4 Hydroxytyrosol isomer n.d. n.d. 0.63+0.14 n.d. n.d.

9  Hydroxytyrosol isomer n.d. n.d. 0.65+0.07 1.50+0.10 n.d.

1 HydroxytyrosolO-hexoside n.d. nd.  1524+048 nd. n.d.

isomer

5 Hydroxytyrosolo-hexoside n.d. nd.  241+100  nd. n.d.

isomer

123 Decarboxymethyl-oleuropein n.d. n.d. nd. 077+001  nd.
aglycone

1o Hydroxy-decarboxymethyl- n.d. n.d. nd. 11314027 nd.
oleuropein aglycone

132 Ligstroside aglycone n.d. n.d. nd. 13.66 +0.54 n.d.

70 Oleuropein aglycone isomer n.d. n.d. 20.98 £0.67 n.d. n.d.
118 Oleuropein aglycone isomer n.d. n.d. n.d. 46.98 £ 2.79 n.d.
126 Di-hydroxy-ligstroside aglycone n.d. n.d. n.d. 0.07 £ 0.03 n.d.

2  Hydroxytyrosol-di©-hexoside n.d. n.d. 0.96 +0.11 n.d. n.d.
130 Ligstroside n.d. n.d. 0.11+£0.02 n.d. n.d.
124 Oleuropein n.d. n.d. 0.24 +£0.03 n.d. n.d.
107 Verbascoside n.d. nd. 0.34x0.01 n.d. n.d.
127 pB-methoxylverbascoside n.d. nd. 0.15%+0.01 n.d. n.d.
104 Nuzhenids n.d. n.d. 0.21 +0.06 n.d. n.d.

o 41.93+1.1374.30+2.85
Total tyrosol derivatives n.d. n.d. (95.4%) (100.0%) n.d.
Dihydroflavonols
94 Dihydro-quercetin n.d. <LOQ n.d. n.d. n.d.
63 Taxifolin-O-hexoside n.d. 0.02+£0.01 n.d. n.d. n.d.
. 0.02£0.01
Total dihydroflavonols n.d. (0.1%) n.d. n.d. n.d.
Dihydrochalcones
105 Phloretine-hexoside n.d. 0.01+0.01 n.d. n.d. n.d.
98 Phloretin-dic-hexoside 0.76 £0.01 0.07+£0.01 n.d. n.d. n.d.
. 0.76 £0.01 0.08 £0.01
Total dihydrochalcones (1.5%) (0.2%) n.d. n.d. n.d.

Total phenolic compounds

50.27 £1.47 38.46 +0.68.93 £ 0.10 74.30 £ 2.8533.69 £ 0.77




Table 3. Radical scavenging properties, ferrous ions timgability and ferric ions reducing

properties of phenolic fractions from vegetabled®and extra-virgin olive oil.

ABTSradical
scavenging

Hydroxyl
radical
scavenging

Superoxide
anion
scavenging

Fe** reducing
properties

umol ascorbic acid equivalent/mg of total phenolic compounds?

Fe?* chelating
ability

% chelation®

Tomato

Fresh basil

Onion

Black olives

EVOO

1.60 £ 0.05

1.69+0.01

297+0.20

2.70+0.04

1.61 +0.07

0.89 +0.05

0.89+0.02

1.56 + 0.07

1.78+0.08

0.87 +0.07

2.77£0.45

0.11+0.0%

1.04 £ 0.08

0.14 +0.04

0.27 +£0.0%

2.04 £ 0.0

1.49 £ 0.08

1.03 +0.02

1.47 £ 0.04

0.63 +0.02

465+1.14

54.72 £ 6.29

6.90 + 2.98

43.53 +1.88

7.54+16%

adata expressed asnol ascorbic acid equivalent normalized for thaltphenolic content as determined by mass

spectrometry experiments

b9% of chelated F& by 100ug of phenolic compounds
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