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Abstract

The objective of this work was to characterizettiistle flower in relation to the composition
of phenolic compounds and antioxidant activitywadl as the evaluation of the stability of
the phenols along the digestive tract. In addititme effect of drying temperature was
evaluated and the composition in polysaccharidesalso studied. For this, samples of thistle
flower were lyophilized and dried at 40, 50 and®°@0 Methanahcetic acid (98:2 v/v) and
acetone:water (60:40 v/v) extracts were obtained analysed for antioxidant activity,
phenolic compounds, ortho-diphenols, flavonoidsraiic acids and polysaccharides, using
colorimetric methods, HPLC and GC-FID. The resshswed that the phenolic compounds
and antioxidant activity with ABTS or DPPH methaais thistle flower decreased by 20%,
34% and 72%, respectively, with increasing tempeeatrom 40 to 60 °C. The amount of
compounds available for intestinal absorption desed along the gastrointestinal system, by
15% to 50%. The presence of sugars constituenteofiq polysaccharides was observed
(101.6-222.0 mg/g) as well as of hydroxybenzoid961.26 mg/g) and hydroxycinnamic
acids (1.57-5.59 mg/g). As a conslusion it was tbtimat thistle flower is rich in bioactive

compounds with potential importance for the humealtin.

Keywords Antioxidant activity . Bioavailability . Drying, Rimolic compounds . Thistle

flower .



Introduction

Phenolic compounds are widely spread in the plangdom, and may have simple or
complex structures, being essential for growth mmpadoduction of plants, in addition to being
responsible for defense mechanisms and contribiiggmentation. Besides, they are also
involved in processes responsible for the col@ydl and astringency in several foods [1].
Structurally, they can be divided into flavonoidglanon-flavonoids. The non-flavonoids are
numerous and variable in composition among diffespecies and may occur esterified with
sugars, alcohols, organic acids, or tartaric acklavonoids include catechins,
proanthocyanidins and anthocyanins. They may appathrin the free form or polymerized
with other phenolic compounds or sugars [2]. Acouydo Falleh et al. [3], thistleGynara
cardunculusL.) presents a large amount of phenolic compouhds)g higher in the seeds
than in the leaves and flowers. However the camaBon of these compounds varies
depending on the species and environmental condifi).

The thistle belongs to the famiksteraceagwith a variety of genres, including the genus
Cynara L. consisting of eight specie€. cardunculusL., C. syriaca Boiss., C. auranitica
Post, C.cornigeralLindley, C. algarbiensisCosson,C. baetica(Spreng.) PauC. cyrenaica
Maire et Weiller, andC. humilis L. The thistle Cynara cardunculus..) grows in rocky sites
and can be found both in the wild or cultivated [5]

The thistle is used for medicinal treatments, as & rich source of phenolic compounds, due
to their antioxidant activity. Thistle plant asswsrimportance due to its therapeutic potential
in the treatment of liver diseases; diabetes, lowecholesterol and blood sugar; digestive,
urinary or rheumatic problems; stomach and intestiisorders; cancer; anaemia, ¢i@). It

is also used in aesthetic medicine, as anti-c&lalind in creams for skin aging. The phenolic

compounds are antioxidants, fight cellular agirrgdfradicals), prevent diseases, inhibit lipid



oxidation and proliferation of fungi. Health bengfiof phenolic compounds include
cardioprotection effect, antinflamatory and analir activities, antimutagenic and
anticarcinogenic effects and antiaging, prevensiegeral neurodegerative disorders [7—11].
Drying is a common way to preserve foods, allowabdgining stable products in the absence
of any preservatives or harmful electromagnetidatamh exposure. The drying is a very
complex process, in which occur simultaneously masd heat transfer phenomepaj
leading to structural changes at the physical drainical levels in the products. The drying
of plants is a crucial process that aims to bringmt to low moisture contents, allowing
preservation, while maintaining the physical andmltal quality for a longer time. However,
if the residual moisture content is above 10%,aib ¢avor the development of fungi and
bacteria, as well as enable the hydrolytic actiatyseveral enzymes present in plant cells,
leading to the oxidation and degradation of thevactompounds and may thus influence
their biological activity. Thus, the application appropriate drying methodologies for each
species is necessary to preserve the active salestf 13,14].

In Portugal, the thistle flower of. cardunculusL., Cynara gender, is widely used in the
manufacture of various cheeses, including the S#ar&strela cheese. This is used, after a
drying process, as milk coagulant due to the p@sehaspartic proteinasgs. Traditionally,
drying of the thistle flower for the production cfieese is made in the shade, in a cool and
airy place, spread on trays that should be stipedodically [5]. This process shows,
however, some problems, either by remaining exeestime under oscillating weather
conditions or due to the presence of fauna, iniqdar insects, which may result in
significant damage to the final product.

This study aimed to quantify and identify the pHencompounds and antioxidant activity, as
well as their bioavailability, on the thistle flowef C. cardunculud. subjected to different

drying treatments, to evaluate the best drying itmm$ to maintain the biological activity.



The polysaccharides content was also studiedderdao evaluate the feasibility to

enlarge the applications of the dried thistle flosve

Materials and Methods
Samples

The samples of thistle flower used in this studyemef the specie€ynara cardunculud..
harvested in the centre region of Portugal, in €@iev do Hospital, in ANCOSE (National

Association of Breeders of Sheep Serra da Esta¢le time of flowering, in June.

Processing of the Thistle Flower

The thistle flowers were dried at different temperes (40 °C, 50 °C and 60 °C) in a forced
convection chamber set at the desired temperaiine.chamber used was a WTB Binder,
with an air speed of 0.5 m/s. Every 15 min a samyale taken in order to control the moisture
content. Moisture was determined on a Halogen MaastAnalyser HG53 from Mettler

Toledo and the final water activity was measuredlhyygrometer Novasina LabMaster AW
from Novatron. Each drying process was completednithe sample reached a final moisture
content of 1%. From these processes resulted 3legnuesignated as D40, D50 and D60, for
the thistle dried at 40, 50 and 60 °C, respectiVielyparallel, the thistle flower was frozen in a
conventional freezer and then lyophilized at -50&4@ 0.7 Pa. The sample resulting from

lyophilization was designated as L.

Extraction of Phenolic Compounds

The extraction of phenolic compounds from thistlaswperformed by adaptation of the
procedure described by Guiné et[al. To each sample (L, D40, D50 and D60) was added
100 mL of a solution methanol:acetic acid (98:2) \drd the extraction was carried out under

stirring for 1 hour, being the liquid fraction catited by filtration. This process was repeated



two more times to give the methanol extracts (ME)e solid residue insoluble in methanol
resulting from the previous extractions was used tlee following extractions with
acetone:water (60:40 v/v). Hence, to this residas added 100 ml of the extraction solution,
and it was kept under stirring for 1h, being thegadure repreated two more times The
resulting extracts were designated by acetone &@st(AE). In fact, in order to optimize the
extraction process, three successive extractionrs werformed with each of the solvents,
yielding three methanol extracts (ME1, ME2, ME3@ ahree acetone extracts (AE1, AE2,
AE3). Also two sample masses were used (5 g arg) i@ verify in which case the extraction

procedure was more efficient.

Determination of Phenolic Compounds

The Folin-Ciocalteu method was used for the detestion of total phenolic compounds,
according to what is described by Soutinho et[s]. The concentrations of phenolic
compounds in the extracts were obtained througimesai calibration curve obtained with
gallic acid at concentrations between 0-0.5 g/Le Tésults were expressed in mg of gallic

acid equivalents (GAE) per gram of thistle sample.

Determination of Flavonoids

For determining the content of flavonoids it wasdign adaptation of the method described
by Santos et al{11]. The total flavonoids present in each sample wagtermined by
spectrophotometry, with a linear calibration cuMagained with solutions of quercetin at
concentrations between 0.02 and 0.20 g/L. The tesutre expressed in mg of quercetin

equivalents (QE) per gram of thistle sample.

Determination of Ortho-Diphenols

The principle of the method used to determine th#hoediphenols is based on the

complexation of ortho-diphenols with molybdate ipas described by Santos et[al]. The



concentrations of ortho-diphenols were found thiotige linear calibration curve obtained
with gallic acid in concentrations between 0-300/ImJ he results were expressed in mg of

gallic acid equivalens (GAE) per gram of thistlengée.

Evaluation of Antioxidant Activity

The determination of antioxidant activity was penfied by the ABTS method as described in
Santos et ali11] and by the DPPH method as reported in Guiné eteal.For obtaining the
concentrations a linear calibration curve was pmgawvith the trolox in concentrations
between 0.08 and 0.4 mmol. The results were exgadeiss mmole Trolox equivalents (TE)

per gram of thistle sample.

Analysis of Bioavailability

The method used fan-vitro simulation of the various stages of the digesiystem was
adapted from McDougall et gh7]. The method consists of three sequential stegsedoon
the solutions that simulate the condition on thgesdiive tract: sodium chloride 1% (m/v),
alpha-amilase 1% (m/v), pepsin 1% (m/v), pancre@t®¥ (m/v) and biliary salts 1% (m/v).
The values of pH were previously adjusted to 615tlie a amylase solution, to 2 for pepsin
and to 7 for pancreatin and bile salts. Tihevitro solutions were processed as follows,
according to the phase of the digestive tract. Mota a tube was added 1 mL of sample plus
1 ml of a-amylase solution, and then was allowed to reac? fminutes at 37 °C. Stomach: to
1 ml of the previous solution was added 1 mL ofgpegolution and allowed to react for 2 h
at 37 °C. Intestine: to 1 ml of the previous saaotwas added 1 ml of pancreatin and bile salts
solution and allowed to react for 2 h at 37 °C.tA¢ end of each step was assessed the
concentration of phenolic compounds. Meanwhileganh stage, control tests were performed

with the same simulated conditions but withoutghmple.



Evaluation of Phenolic Compounds by HPLC

The fractionation of the phenolic compounds was en&ddm the methanol and acetone
extracts obtained as described earlier, but byrjgiboth methanol extracts (ME1 and ME2)
into one single methanol extract and repeating fitishe acetone extracts. This procedure
was repeated for all samples.

For the fractionation of phenolic compounds minkoons Discovery DSC-18 were used (60
ml capacity and 10 g of C18 filling material). Thelumns were activated with 100 mL of
methanol and then washed with 100 mL of distilletex, followed by a preconditioning with
50 ml of a commercial buffer solution phosphate B before use. The pH of the sample
was neutralized by adding NaOH 0.1 N. The sample warefully loaded onto the
preconditioned C-18 column at a flow rate of ldsant2 mL/min. Fractionation started by
adding 100 mL of phosphate buffer solution pH 718 (v/v) to elute the phenolic acids
(fraction buffer). Then, the column was washed V@i€hml of distilled water and dried under
vacuum for a few seconds. Elution with 100 ml dfyétcetate allowed isolating the fraction
comprising monomers and oligomers of procyanidifRBenolic compounds specified in
column consisting of anthocyanin pigments and pelymere finally eluted with 100 mL of
methanol acidified with 0.1% HCI (methanol extracthe extracts obtained were then
concentrated in a rotary evaporator Laborota 4668/dolph, Germany) until a final volume
of about 2 ml.

The buffer fraction was used for the determinatafnphenolic acids and the methanol
extraction was used for the determination of mon@renthocyanins by high performance
liquid chromatography (HPLC) with a Dionex 3000 ibfiate Chromatographic System
(Sunnyvale, California, USA) equipped with a quasey pump 46 LPG model A-3400,
autosampler ACC 3000, a column compartment witlhntlestat (adjustable up 35 °C) and a

detector UV/Vis-300 MWD.



The mobile phase A was an aqueous solution of 5%aitoacid (used as a mobile phase to
adjust the pH because of its volatility and acihfy properties) and mobile phase B was
methanol, both of analytical quality (Panreac). Tlieapure water was obtained from a Milli-
Q water purification system (Millipore, USA). Elati took place with a flow rate of 1.0
mL/min and the gradient used followed the stepsi® (95%A, 5%B); 5 min (95%A, 5%B);
65 min (40%A, 60%B); 70 min (40%A, 60%B); 75 mirbeA, 5%B). The injected sample
volume was 5@QL at 1 mL/min and 25 °C.

Detection was performed at 280 and 325 nm and Céleon software (version 6.8)

(Sunnyvale, CA, USA) was used to delineate theraatographic profile of phenolic acids.

Analysis of Neutral Sugars

The analysis of neutral sugars was carried out bftérolysis of polysaccharide material with
sulphuric acid (1 M at 100 °C during 2.5 h), follvby derivatization of the sugars released
to alditol acetates as described by Nunes g¢igl.The compounds were then separated on a
capillary column DB 225 in a gas chromatograph goed with a flame ionization detector
(FID). The carrier gas was hydrogen and the injeatw detector temperatures were 220 °C
and 230 °C, respectively. The temperature progrsed in the assay was chosen according to
the characteristics of the sample and consistedrfdllowing time/temperature conditions: 1
min at 200 °C; 40 °C per min up to 220 °C; 7 mirka0 °C; 20 °C per minute up to 230 °C
and 1 min at 230 °C. The sample injection volumedusas 2.L.

Uronic acids were quantified by a modification bétmethod by Nunes et aig]. Samples
were prepared by pre-hydrolysis in 0.2 mL ¢B5&), at a concentration of 12 mol/L for 3 h at
room temperature followed by hydrolysis for 1 hHeSO, at a concentration of 1 mol/L at

100 °C. A linear calibration curve was made vatbalacturonic acid.



Statistical analysis

In order to understand if the results obtainedsga@stically different a statistical analysis was
applied. The T de student test was used to comyalkees among two groups and the
ANOVA with Tukey HSD (Honestly Significant Differee) test was used to compare among
three or more groups. In all cases the level afiiance considered was p <0.05. Tukey's is
a statistical test to find the results that aréedéint from other representatively and consists of
a single multi-step process for comparison, togethh an analysis of variance (ANOVA).
The statistical analysis was applied to the datdainbd from spectrophotometric
measurements, where replicates were performedyaing applied to the data obtained from
HPLC or CG chromatograms, where no replicationsvesrailable.

For statistical analysis was used the statistofii&re SPSS Version 23 from IBM, Inc.

Results and Discussion
Drying procedure

The dehydration conditions for the different samspee described below for each case:

* Llyophilized (L): Processing time (PT) = 24:00 hsumitial moisture content (IMC)
= 57.5+0.8 g/100 g wet basis (wb); final moistuantent (FMC) = 1.4+0.1 g/100 g
whb; water activity (@) of the dried samples = 0.31+0.02;

e Dried at 40°C (D40): PT = 5:30 hours; IMC = 56.5%Q/100 g wb; FMC = 1.5+0.2
g/100 g wb; @ of the dried samples = 0.43+0.03;

e Dried at 50°C (D50): PT = 4:15 hours; IMC = 57.6%0Q/100 g wb; FMC = 1.0+0.1
g/100 g wb; @ of the dried samples = 0.35+0.05;

e Dried at 60°C (D60): PT = 3:15 hours; IMC = 56.&-0/100 g wb; FMC = 1.0£0.1

g/100 g wb; @ of the dried samples = 0.34+0.01.
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For all processing conditions the final moisturentent was similar, just about 1%,
corresponding to the removal of practically all thater initially present (97% in samples L
and D40 and 98% in samples D50 and D60). The vatiester activity (@) obtained for all
the samples examined are very low, meaning thgtréeched the primary adsorption zone in
which no dissolution of the food components occurswater, thus slowing down the
reactions, with the exception of lipid oxidationhish can occur in both low and high water
activity [19,20]. An a, of less than 0.6 assures stability of the prodoeing a key parameter

for its preservation and allowing extension ofsitelf life [21-23].

Analysis of the extraction procedure for the phenaot compounds

Preliminary tests were performed in order to evi@ube most efficient extraction procedure
for this particular product, thistle flower. Therpentage of phenolic compounds recovered in
the methanol:acetic acid extracts were 57%, 33%21&8d, respectively for the first, second
and third extractions, while for the acetone:watdracts the percentages were 70%, 21% and
9%, respectively for the first, second and thirttastions (Figure 1). Hence, the results show
that the third methanol extract accounted for @idgut 10% of the compounds extracted with
this solvent and, similarly, the amount of compaumdllected in the third acetone extract
accounted for only 9% of the total phenols extradig acetone:water. These results showed
that a third extraction was not important, in vielvoptimizing efficiencyversustime and
costs, and, hence, only two extractions were pexdrwith each solvent afterwards.

Also different tests were made in order to verifijiet ratio sample mass/volume of solvent
should be used for the optimization of the extacof phenolic compounds in thistle flower,
being all these done in the fresh sample of thiitever. Table 1 shows the phenolic
compounds quantified in two extractions made witthranol:acetic acid solution and other

two extractions made with acetone:water solutibrwvds found that the ratio 5:50 (g:mL of
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solvent) would be the most suitable option for obiey higher values of total phenols and
antioxidant activity, 13.2 mg GAE/g and 9.6 (mmoE/{), respectively, being these
significantly different (p = 0.002) from those oiotad with the ratio 10:50 (g:mL). The results
further showed statistically significant differesdg = 0.000) in total phenols and antioxidant

activity between the methanol and the acetone @stfar both ratios tested.

Phenolic Compounds

Table 2 shows the composition in phenolic compoutatsl phenols, flavonoids and ortho-
diphenols), obtained for the methanol extracts (MBY acetone extracts (AE) from the
samples of thistle submitted to different dryingatiments: lyophilized (L) and dried at 40°C
(D40), 50°C (D50) and 60°C (D60). The amount ofnaie compounds extracted with the
different solvents (acetone and methanol) was amfdr samples D40 and D50 (slightly over
6 mg GAE/Qg), and not much different for sample @ber (with 4.3 mg GAE/g for the sum
of the two methanol extracts and a little bit morethe acetone extracts, 5.9 mg GAE/qQ).
However, statistical tests indicate that the ddfexes were not significant (p = 0.127) only for
the samples of methanol extracts D40 and D50, b&igpgficantly different (p = 0.021) for
all acetone extract samples. In the case of sampl®.8 mg GAE/g were obtained in the
methanol extracts whereas in the acetone extradysabout half was encountered, 5.7 mg
GAE/g. While for the lyophilized sample 69% of tl¢al phenolic compounds were obtained
from the methanol extracts, in the samples driechblyair a reverse trend was observed,
towards a slightly higher extraction with acetone éxtracts D50 and D60, ranging between
50 and 58% of the total phenols extracted.

The lyophilized thistle had the highest quantitypbienolic compounds, resulting from the
sum of the methanol and acetone extracts, whilestimple dried at 60 °C had the lowest
(18.5 and 10.2 mg GAE/qg, respectively) (Table 2)e Tdifferences were not statistically

significant (p = 0.069) between samples D40 and, Do® were significant between samples
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L and D60. These results may be due to the fatttiigalyophilisation process takes place at
low temperatures, avoiding as much as possibledgeadation of the phenolic compounds,
as compared with air drying (Figure 2). In the msses of drying in the chamber, the higher
the temperature the smaller the amount of phenmimpounds present. In fact, as the
temperature increased from 40 °C to 60 °C the ahwfuntal phenols quantified decreased in
about 20% (Figure 3). These results are in accealanth Santos et aji1], who reported a
decrease in the phenolic compounds of dried peaging from 28% to 44% in the peel and
from 1% to 40% in the pulp, when the temperatumeased also from 40 °C to 60 °C. The
value obtained by Falleh et al. [3] for thistleviler from the specieS. Cardunculud.. grown

in Tunisia for methanol extract was 6.96 mg GAHy (basis). This difference may be due to
the drying process and operating conditions usedgeshe amount reported in the literature
refers to thistle from an artisanal drying, at direunlight, and in this work the drying was by
convective hot air drying or lyophilization, andnice under more controlled circumstances.
Another factor that may originate the observededéhces is the different origins of the thistle
flower used in the two studies, respectively, Rgatuand Tunisia. However, the most
plausible explanation could be attributed to théraetion process used, as in the study
described by Falleh et al. [3] a single extractias performed and only during 30 min under
agitation, while in the present case four extradiavere performed (two with methanol and
two with acetone) and lasting 1 hour each. The gaore adopted in this work, besides
providing a much higher contact time, also allowledter extraction because of using two
types of solvents, with different polarities, anehbe, suitable for the dissolution of different
molecules in the phenolic family. According to Maas et alj24] the type of phenols soluble
in each of the solvents tested is different, beegusenols include one or more hydroxyl
groups (polar) attached directly to an aromaticg rifmon-polar). This stereochemistry

distinguishes phenols according to their polarigriance, being the vyield of extraction
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strongly dependent on the nature of the solventhEumore, the molecular size also seems to
influence the yield of extraction, and methanols hlaeen reported as more efficient for the
extraction of lower molecular weight polyphenols iwhthe higher molecular weight
flavonols are better extracted with aqueous aegtsn

The lyophilized thistle showed an amount of flavidncompounds in the methanol extracts
equal to 23.4 mg QE/g, a quantity 20% lower thamniththe acetone extracts (29.1 mg QE/g
sample) (Table 2). The amount of flavonoids inriethanol extracts represented on average
45% of the total extracted and in the acetone etdrhe remaining 55%. Because flavonoids
are polar they are suitable for extraction withotap solvent such as methanzd). However,

the solubility of the phenols in each solvent soatery much dependent on the food matrix at
study [27-29]. Comparing the different dryings, tb&al amount of flavonoids was in general
similar (slightly over 50 mg QE/g), with exceptitor the drying at 40 °C which showed the
lowest value (43.4 mg QE/g) (Table 2). Still, it svpossible to see that the sample D60
contained an amount of flavonoid compounds sigaifity (p = 0.000) superior to the other
samples, as indicated by the statistical test, majue to higher resistance to temperature.
Despite the different extraction conditions usée, results were of the same magnitude as the
values for eight described genera of the fansiypara by other authorg$3o] (1.9 to 3.3 ¢
QE/100g of sample, corresponding to 19-33 mg QE/q).

The ortho-diphenolic compounds were preferablyaetad by acetone (62-80%) as compared
to the methanol extracts (Table 2). The highereandf ortho-diphenols was observed for the
lyophilized thistle (4.3 mg GAE/g), whereas the &stvamount was in the thistle dried at 40
°C (1.8 mg GAE/qg), with significant differences £ 0.000) between all dried samples.
Furthermore, it was observed an increase in théents of ortho-diphenols with increasing
drying temperature: ortho-diphenols augmented fio8hmg GAE/g to 3.5 mg GAE/g for a

temperature raise from 40 °C to 60 °C. Also Saetad.[11] reported some increase ranging

14



from 7% to 23% in ortho-diphenols in the peel aédrpears, when the temperature increased
from 40 °C to 60 °C. This increase in the quartdityrtho-diphenols occurring with drying
could be attributed to structural changes in thérioes of the product, which become less
cohesive and more flaccid during drying, thus allmyva greater extraction of ortho-
diphenols, resulting in a higher amount in the dasplried at higher temperaturgs,32].
Also some reactions may occur during drying whidiiginate ortho-diphenols, namely
oxidation reactiong1].

The extracts obtained were purified and the fractibtained used for the analysis of phenolic
acids. HPLC analysis was performed at two wavele)g280 and 325 nm, aimed at the
identification of hydroxybenzoic acids, hydroxycamic acids and their derivatives in the
first case, while the detection at 325 nm allowaty @o identify the hydroxycinnamic acids,
due to the presence of the double bond in the cachain.

From the analysis of the chromatograms it was ptesdb ascertain the presence of 44
compounds with retention times between 3.04 and066inutes. The methanol extract was
less rich in phenolic acids compared with the agetextract. The methanol extract showed
26 compounds with a total concentration of benzas equal to 38.30 mg/L and of
hydroxycinnamic acids equal to 81.07 mg/L, while #tetone extract yielded 37 compounds
corresponding to concentrations of 66.38 and 168168. of benzoic and hydroxycinnamic
acids, respectively. Comparing the results from the extracts, it was found that the
compounds present in both were basically the same.

Table 3 shows the amount (mg/g) of benzoic and dyainnamic acids quantified in the
methanolic and acetone:water extracts for all samprhe total phenolic compounds was
6,66 mg/g in the lyophilyzed sample, 4.87 mg/gha sample dried at 40 °C, 4.78 mg/g for

that dried at 50 °C, and 1.77 mg/g for the sampbddat 60 °C. The amount of phenolic acids
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quantified decreased with the increase in the dry@mperature. The total amount quantified
in the sample dried at 60°C represented 27% aftlaatified in the lyophilyzed sample.

The amount of hydroxycinnamic acids representedvdxen 74-89% of the total phenolic
acids quantified, ranging from 5.59 mg/g for lydgheéd sample to 1.57 mg/g for sample
dried at 60°C. The total amount quantified in tample dried at 60°C represented 27% of the
content quantified in the lyophilyzed sample.

Regarding the relative contribution of each ex{raavas possible to observe different trends
depending on the samples. For samples L, D40 arti] Béetone:water extracts contained
higher amounts (51-76%) of phenolic acids. Othezwi®r D60, the methanolic extract
represented 88% of the phenolic acids quantified,both benzoic and hydroxycinnamic
acids.

Although the information about the phenolic comgosi of thistle is scarce in the literature,
it was observed in the present work that the #ifitlwers presented significant quantities of
phenolic compounds. It was possible to identify sgreaks, such as 5-O-caffeoylquinic acid
(chlorogenic acid), which is described to exhibittiaxidant potential, increasing the
resistance of LDL-cholesterol to lipid peroxidatiand decreasing DNA damags).

Among the samples analysed, the sample dried &C50as the richest in hydroxycinnamic
acids, with a total concentration of 193.47 mg/l/dwed by the lyophilized sample, with
171.93 mg/L. These two samples were also the ridhdsenzoic acids, with concentrations

of 60.74 mg/L and 55.06 mg/L, respectively.

Antioxidant Activity

Table 4 shows the antioxidant activity, expressechimol of trolox equivalents per gram of
sample (mmol TE/g), using the ABTS and DPPH meth@atssamples of thistle Iyophilized

(L) and dried at 40 °C (D40), 50 °C (D50) and 60(BB0).
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The highest antioxidant activity determined by ABm®&thod was in sample D50 (7.0 mmol
TE/g), of which 74% was due to the contributiontbé acetone extracts. However, this
sample was not statistically different from samplewith 6.7 mmol TE/g. The lowest
antioxidant activity was observed at 60 °C (4.4 rhirte/g), for which the methanol extract
contributed with 38%. In general, the antioxidactivaties by ABTS method were higher for
the acetone extracts, with exception of sample DAOwhich the acetone extract was
responsible for 43% of the antioxidant activity.cAoding to Gouveia and Castilhgs] the
antioxidant activity determined by the ABTS mettodthistle flower from Madeira was 419
pumol TE/100 g sample, much lower than the valueainbd in this work.

The antioxidant activity values obtained by thelginzal method DPPH are also presented in
Table 4. Samples L, D40 and D50 showed very simiddmes (32.9, 33.9, 30.9 mmol TE/g,
respectively), while sample D60 showed the lowedtoaidant activity (9.2 mmol TE/g),
significantly different form the other samples,rxei72% less compared with the antioxidant
power of the sample of lyophilized thistle. Thisvier value is in agreement with the least
amount of phenolic compounds present in that sangsgeral authors described a positive
correlation between the content of phenolic compisuand antioxidant activity of different
sampleg3s,36]. Gouveia and Castilhe4] reported values of antioxidant activity by the PP
method for the thistle flower from Madeira loweaththose presented in this study.
Comparing with the results obtained by the ABTS hudt the antioxidant activity
determined by the DPPH method was much higher tianevaluated by the ABTS method
(2 to 6 times higher). The differences found ini@ntant activity by these two methods

resides in the fact that DPPH and ABTS radicalsldifferent sensibilitieg7].
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Bioavailability

Table 5 presents the bioavailability of the phenalbmpounds for tha vitro simulation of
the conditions along the digestive tract: moutlojreich and intestine. The results for the
methanolic extracts showed that the amount of piemompounds decreased along the
digestive systems. The remaining phenolic compouafter simulation of the mouth,
comprised up to 84% of the initial amount quandfieAfter stomach simulation, the
remaining phenolic compounds comprised between fs2%he lyophilyzed sample and 68%
for the sample dried at 60°C.

At the end of the digestive tract, the higher daseeoccurred for the sample D40, remaining
only 38% of the original (Figure 4). The amountpdfenolic compounds in the methanol
extracts represented 42 and 37%, for L and D4(hewwely. Sample D60 showed a
degradation of only 15% in the phenolic compoungisngj the various stages of the digestive
tract (Figure 4). These results showed that stomashthe main responsible for the decrease
on the phenolic compounds available. This is inoegt@nce with Bouayed et af3g], who
showed that the release of polyphenols from apfidewing simulated gastrointestinal
digestion was mainly achieved during the gastriageh

The values of bioavailability for the acetone estsaare also shown in Table 5. Samples L
and D40 showed a similar pattern as that for théhamol extracts for the same samples.
However, for both samples the degree of degradatas less as compared to the methanol
extracts, remaining 58% and 39%, respectively fantd D40 samples in the acetone extracts
as compared to 42% and 37% in the methanol extedt#s whole simulation of digestive
track. With regard to the sample dried at 50 °@, whole losses along the digestive tract
were much less, so that after the whole simulatibwese were still 85% of the phenolic
compounds in the acetone extract available. Alsopéa D60 revealed a very high resistance

to the conditions of the digestive tract, not degrg the phenolic compounds, and thus
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preserving their bioavailability. A slight increasethe phenolic compounds quantified was
observed in the acetone extract on the thistle kaded at 60°C. According to Bouayed et
al., [38] the increase of phenolic compounds after digestiothe small intestine may be
related to the effect of the enzymes (lipase, aseylnd pancreatin or protease activity) in the
food matrix, facilitating the release of the pheénabmpounds bound to the matrix.

In general, the phenolic compounds present in ttetoae extracts showed to be more
resistant to the action of the enzymes presenhéndigestive track, when compared with
those presented in the methanolic extracts.

Table 5 also shows the global variation of phenobmpounds along the digestive system,
considering the average between both extractstheosample D40, only 38% of the phenolic
compounds were still available for absorption ia thtestine, being the lowest value among
all samples analysed. In both samples D50 and liippti the phenolic compounds decreased
to 50% of the initial amount when reaching the stitee. The results for sample D60 reveal
that a very large fraction of the phenolic compaumitially present were still available when
reaching the intestine (86%), thus indicating thase compounds, which resisted the higher
temperature, also resisted in a high degree t@d¢tien of the solutions used to simulate the
digestive tract (Figure 4). According to a study ®¥ia et al.,[39], after the intake of fruit
juices the digestive process reduced the phenolapounds by about 47% of the initial
content. Another study by Tagliazucchi etjad] demonstrated that the grapes after intestinal
digestion, lost about 38% of the total phenolic poomds. Although for different food
matrices, the final percentage of phenolic compsuastailable for potential intestinal
absorption found by Bouayed et gkg], Cilia et al.,[39] and Tagliazucchi et ajso] were

similar to that obtained for the thistle extract.
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Sugar composition

The different dried thistle samples were used tlysme the neutral sugars constituents of the
polysaccharides. Table 6 shows the total amoumaiosaccharides quantified, as well the
molar composition for all the thistle samples araty The total amount of sugars quantified
for lyophilized sample was 222 mg/g, and it was highest value comparing with the oven
dried samples. As a higher drying temperature wsed,ulower amount of sugars were
quantified, ranging from 179.1mg/g for sample dréédlO °C t0101.6 mg/g for sample dried
at 60 °C. This decrease was mainly due a decrédbe amount of uronic acids and glucose.
The lower content in sugars with the higher dryiegperature can be due to the promotion
of reactions with the temperature, such as thelddireactions. From the composition of the
various identified monosaccharides is possible mppse a structure for the constituent
polysaccharides in the thistle flowgn]. The uronic acid was the sugar residue present in
higher proportions (56.7 — 68.4 mol%) whereas rh@sancomprised 0.7 to 3.3 mol%,
allowing to infer the presence of rhamnogalactunend hese results are in accordance with
those reported in filament and corolla of tristle \dgirga et al[42]. The relative amount of
arabinose was 9.4 mol% in the lyophilyzed samplackvwas lower when compared with the
oven dried samples (12.6 -18.6 mol%). The presef@abinose and galactose should also
be related with pectic polysaccharides, which havéheir structure arabinogalactans. The
presence of xylose (3.5 — 4.4 mol%) may be duepiesence of xylans. The glucose
represented 13.6 to 16.6 mol%, and can be derroaal polysaccharides such as cellulose but

also can be due to a monomeric glucose contribution

Conclusions

The results from this work showed that to obtaimlreed thistle flower with a minimal

moisture content compatible with good conservatibtmok about 3 hours at 60 °C, 4 hours at
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50 °C and 5 hours and a half at 40°C. Sugar asalyavealed the presence of
monosaccharides constituents of pectic polysaabésyrixylans and cellulose. However, it is
important to make a detailed structural characéion of polysaccharides present in order to
know the nature of the polysaccharides and thégr irothe thistle, as well as their potential
applications.

The lyophilized thistle flower presented 18.5 mgHE3@ of total phenolic compounds and 4.3
mg GAE/g ortho-diphenols, whereas the oven dryingimated a decrease in the contents as
the drying temperature increased. On the other hdmedamount of flavonoids was similar
regardless of the drying conditions.

The antioxidant activity was much different depewgdon the method used for quantification,
with DPPH values always higher than ABTS. When carmg the different dryings, the
antioxidant activity was lower for 60 °C. Still ettihistle flower has phenolic compounds that
have preserved most of their antioxidant activitgrathe drying processes to which they were
submited.

After passing through am vitro model simulating the digestive tract, 38 % to 86@#dhe

phenolic compounds present remained available &bberbed in the intestine.

Acknowledgement

This work was done in the ambit of a master thasiBood Quality and Technology from
Polytechnic Institute of Viseu and the Researcht@edI&DETS.

References

1. S. Umar Lule and W. Xia, Food Rev. 121, 367 (2005).

2. M. de L. R. Giada, i©xidative Stress Chronic Degener. Dis. - Role Amdio(IMTECH,
Rijeka, Croatia, 2013), pp. 87-112.

3. H. Falleh, R. Ksouri, K. Chaieb, N. Karray-Boowg N. Trabelsi, M. Boulaaba, and C.
Abdelly, C. R. Biol.331, 372 (2008).

21



4. C. A. Rice-Evans and L. Packéilavonoids in Health and Diseas@nd. (CRC Press,
USA, 2003).

5. A. S. T. PedroEstudo de Compostos Com Propriedades Funcionaig-iemde Cardo
Submetida a Diferentes Tratamentos de Secagener2igdo Do Mestrado Em Qualidade E
Tecnologia AlimentartfESAV, Viseu, Portugal, 2013).

6. A. Karkanis, D. Bilalis, and A. Efthimiadou, In@rops Prod34, 825 (2011).

7. A. Figueirinha, M. T. Cruz, V. Francisco, M. (hpes, and M. T. Batista, J. Med. Fobg
681 (2010).

8. V. Francisco, A. Figueirinha, G. Costa, J. Li#leM. C. Lopes, C. Garcia-Rodriguez, C. F.
G. C. Geraldes, M. T. Cruz, and M. T. Batista,uhdt. Foodd0, 436 (2014).

9. R. P. F. Guiné, M. J. Barroca, F. J. Goncalvesilves, S. Oliveira, and M. Mendes, Food
Chem.168 454 (2015).

10. J. Liberal, V. Francisco, G. Costa, A. Figu#ia, M. T. Amaral, C. Marques, H. Girdo,
M. C. Lopes, M. T. Cruz, and M. T. Batista, J. Ethharmacol158 Part A, 113 (2014).

11. S. C. R. V. L. Santos, R. P. F. Guiné, and Arr®s, J. Food Meas. Chara8t. 105
(2014).

12. R. P. F. Guiné, D. M. S. Ferreira, M. J. Baarcand F. M. Gongalves, Biosyst. E9§,
422 (2007).

13. M. A. Coimbra, C. Nunes, P. R. Cunha, and Rn&wEur. Food Res. Techn@33 637
(2011).

14. R. P. F. Guiné, I. C. Almeida, A. C. Correiadd&. J. Goncalves, J. Food Meas. Charact.
9, 337 (2015).

15. S. Soutinho, R. P. F. Guiné, A. Jordao, anddncalves, J. Biol. Vet. Agric. Food Eng.
535 (2013).

16. R. P. F. Guiné, S. M. A. Soutinho, and F. Jngatves, Croat. J. Food Sci. Techr@l15
(2014).

17. G. J. McDougall, S. Fyffe, P. Dobson, and @w&irt, Phytochemistr§6, 2540 (2005).
18. C. Nunes, J. A. Saraiva, and M. A. Coimbra,dF6bem.111, 538 (2008).
19. F. Lian, W. Zhao, R. Yang, Y. Tang, and W. KatiFood Contro#7, 1 (2015).

20. K. Prabhakar and E. N. Mallika, Encycl. Food Microbiol. edited by C. A. B. L.
Tortorello (Academic Press, Oxford, 2014), pp. 7834~

21. E. Maltini, D. Torreggiani, E. Venir, and G.rmB#o, Food Chem82, 79 (2003).

22. J. M. D. MatosEstudo Da Secagem Da Flor de Cardo E Anadlise déesfatarideos E
Compostos Fenolicos. Dissertagdo Do Mestrado Emli@ade E Tecnologia Alimentar.
(ESAV, Viseu, Portugal, 2014).

22



23. S. M. Santillana Farakos, J. F. Frank, and DSdhaffner, Int. J. Food Microbial66,
280 (2013).

24. N. G. T. Meneses, S. Martins, J. A. Teixeirdd 8. |. Mussatto, Sep. Purif. Technbdg
152 (2013).

25. J. Dai and R. J. Mumper, Mol. Basel Switg,. 7313 (2010).

26. N. Rispalil, P. Morris, and K. J. Webb,Liatus Jpn. HandbMarquez A.J. (Springer, The
Netherlands, 2005), pp. 349-355.

27. J. A. Michiels, C. Kevers, J. Pincemail, JD@fraigne, and J. Dommes, Food Chagn,
986 (2012).

28. L. Tomsone, Z. Kruma, and R. Galoburda, Worlchkd Sci. Eng. Technob4, 903
(2012).

29. K. Zhou and L. Yu, LWT - Food Sci. Technd¥, 717 (2004).

30. D. Zheleva-Dimitrova, I. Zhelev, and |. Dimis@-Dyulgerova, Free Radic. Antioxid,
15 (2011).

31. C. T. Brett and K. W. WaldroRhysiology and Biochemistry of Plant Cell Walled ed.
(Springer, New York, 1996).

32. D. Ferreira, J. A. L. da Silva, G. Pinto, Cnta, |. Delgadillo, and M. A. Coimbra, Eur.
Food Res. Technak26, 1545 (2007).

33. M.-P. Gonthier, M.-A. Verny, C. Besson, C. Réménd A. Scalbert, J. Nutt33 1853
(2003).

34. S. C. Gouveia and P. C. Castilho, Food Res4&712 (2012).

35. V. Katalint, M. Milos, D. Modun, I. Musi, and M. Boban, Food Che®6, 593 (2004).
36. J. Lachman, M. Sulc, and M. Schilla, Food Ch#d3, 802 (2007).

37. M. B. Arnao, Trends Food Sci. Techrl, 419 (2000).

38. J. Bouayed, L. Hoffmann, and T. Bohn, Food CHEZS, 14 (2011).

39. A. Cilla, A. Gonzélez-Sarrias, F. A. Tomas-Baém, J. C. Espin, and R. Barbera, Food
Chem.114, 813 (2009).

40. D. Tagliazucchi, E. Verzelloni, D. Bertolinp@A. Conte, Food Chemi20, 599 (2010).

41. C. Rosenbohm, I. Lundt, T. I. E. Christenser, . G. Young, Carbohydr. R&38 637
(2003).

42. F. Marga, A. Gallo, and K. H. Hasenstein, PRImgsiol. Biochem41, 792 (2003).

23



Tables

Table 1. Evaluation of phenolic compounds and aitant activity in the different extracts.

Sample mass to solvent ratio (g:mL)

5:50 10:50

Extract Methanol Acetone Methanol Acetone
Total phenols 1st extraction 5.2(x0.2)  3.3(x0.0§ 3.0(x0.0§  4.8(0.0§
(mg GAE/Q) 2nd extraction 3.2(x0.1)  1.5(x0.0§ 1.8(x0.0  1.6(0.0f

Total 13.2(x0.2 11.2(z0.0¥
Antioxidant activity (DPPH)  1st extraction 3.4(x0.1) 4.1(x0.1F 3.8(x0.1  1.9(x0.1)
(mmol TE/g) 2nd extraction 1.3(x0.0) 0.8(x0.1f 2.0(x0.0§  0.9(x0.1f

Total 9.6(+0.1)" 8.6(+0.1%

Different lowercase letters in the same row indicgthtistical significant differences between solse
for each sample mass considered (T de studenptes05).
Different uppercase letters in the same row indicdiatistical significant differences between sampl
masses for the total values (T de student test0p¥0
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Table 2. Phenolic compounds of the thistle samgiliesl under different conditions.

Samples

Extract L D40 D50 D60
Total phenols Methanol 12.8(x1.3)  6.3(x0.4f 6.1(+0.1% 4.3(+0.1)
(mg GAE/q) Acetone 57(x0.f)  6.3(x0.1) 6.6(+1.15 5.9(+0.0%

Total 18.5(x1.4F  12.€x0.3°  12.%(x1.2f  10.2(*0.1)f
Flavonoids Methanol 23.4(x2.3) 16.1(x3.9§ 25.6(x1.1 26.2(x1.1§
(mg QE/g) Acetone  29.1(x¥1.9) 27.3(x1.7) 26.3(x1.2Y  28.0(+1.9§

Total 52.5(x0.4f  43.4+4.3F 51.*0.1°  54.2(%0.8f
Ortho-diphenols Methanol  0.9(x0.7) 0.7(x0.0% 0.5(x0.1% 1.4(x0.4§
(mg GAE/Q) Acetone 3.4(z0.)  1.1(z0.1§ 2.2(x0.3§ 2.1(+0.5¥

Total 4.3(+0.0¥ 1.8(x0.0)° 2.7(x0.3¥ 3.5(x0.1)

"L — lyophilyzed, D40 — dried at 40 °C, D50 — dra&ds0 °C, D60 — dried at 60 °C.

Different letters in the same row indicate statatisignificant differences between drying conaisio
(ANOVA, with Tukey post-hoc, p<0.05).
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Table 3. Phenolic compounds (mg/qg) of the thistlmsles dried under different conditions.

Samples
Extract L D40 D50 D60
BA. HA BA HA BA. HA.  BA  HA
Methanol o052 251 o051 124 014 103 017 1,39
Acetone  os55 308 0,75 237 038 322 002 0,19
Total 1,07 559 126 361 052 426 019 157

L— lyophilyzed, D40 — dried at 40 °C, D50 — dragcb0 °C, D60 — dried at 60 °C,

B.A. -benzoic acids, H.A.- hydroxycinnamic acids.
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Table 4. Antioxidant activity of the thistle sampldried under different conditions.

Samples

Extract L D40 D50 D60
Antioxidant activity — ABTS ~ Methanol 1.5x0.2) 3.1(x0.3]  1.8(x0.0) 1.7(0.2§
(mmol TE/g) Acetone 5.2(x0.8) 2.4(x0.4f  52(x0.7 = 2.7(x0.4f

Total 6.7x0.7f  5.5x0.1Y  7.0(x0.7f  4.4(x0.3Yf
Antioxidant activity — DPPH  Methanol 15.8(x0.7) 16.8(x0.6§ 16.1(+0.3§ 3.6(+0.0¥
(mmol TE/q) Acetone 17.1(x1.8) 16.2(x0.4% 14.8(x0.2§  5.6(+0.0}

Total 32.4#0.5¢ 33.((x1.0f 30.50.4  9.2(x0.0¥

L— lyophilyzed, D40 — dried at 40 °C, D50 — dragcb0 °C, D60 — dried at 60 °C.
Different letters in the same row indicate stattisignificant differences between
drying conditions (ANOVA, with Tukey post-hoc, p€8).
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Table 5. Variation of total phenolic compounds aldime digestive system, according to extracting

solvent.
Samples
Remaining total phenols (%) Extract L D40 D50 D60
Mouth Methanol 84.0% 94.0% 109.0% 92.0%
ou
Acetone 92.0% 95.0% 109.0% 107.0%
Global 88.0% 94.5% 109.0% 99.5%
Methanol 42.0% 52.0% 54.0% 68.0%
Stomach
Acetone 68.0% 48.0% 89.0% 101.0%
Global 55.0% 50.0% 71.5% 84.5%
_ Methanol 42.0% 37.0% 15.0% 51.0%
I ntestine
Acetone 58.0% 39.0% 85.0% 120.0%
Global 50.0% 38.0% 50.0% 85.5%

"L — lyophilyzed, D40 — dried at 40 °C, D50 — drad50 °C, D60 — dried at 60 °C.
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Table 6. Monosaccharides composition of the thisdi®ples studied.

Samples
L D40 D50 D60

Total Sugars (mg/g) 2220 179.1 108.8 101.6
Sugar composition (mol%)

Rhamnose (Rha) 0.7 3.3 2.2 2.4

Arabinose (Ara) 9.4 12.6 17.6 18.6

Xylose (Xyl) 3.5 3.8 4.2 4.4

Mannose (Man) 0.8 0.9 0.2 0.3

Galactose (Gal) 21 2.2 2.2 3.3

Glucose (Clc) 15.1 16.6 13.6 14.3

Uronic acids (UA) 68.4 60.6 59.9 56.7

L— lyophilyzed, D40 — dried at 40 °C, D50 — dragcb0 °C, D60 — dried at 60 °C.
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Figure 1. Percentages of recovery of phenolic cam@s according to the order of the extracts.
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Figure 2. Percentages of variation of the compowvdfuated and antioxidant activity comparing
lyophilization with air drying at the lowest tempéuire (TP = total phenols; FLV = flavonoids; ODP =
ortho-diphenols; AA-ABTS = antioxidant activity ABTS method; AA-DPPH = antioxidant activity

by DPPH method).
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Figure 3. Percentages of variation of the compowvdfuated and antioxidant activity comparing the
treatments with air drying at the lowest and highesperatures (TP = total phenols; FLV =
flavonoids; ODP = ortho-diphenols; AA-ABTS = antidant activity by ABTS method; AA-DPPH =

antioxidant activity by DPPH method).
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Figure 4. Decrease of phenolic compounds alonglitiestive system (L = lyophilized; D40 = air
dried at 40 °C; D50 = air dried at 50 °C; D60 =daied at 60 °C).
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