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Figure caption: Sweetener influences plasma concentration of flavonoids in humans
after an acute intake of a new (poly)phenol-rich beverage
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ABSTRACT

The overconsumption of sucrose is closely relatedugar-sweetened beverages and
one of the main factors associated with the ineredsnetabolic diseases, such as type
2 diabetes, obesity, and insulin resistar®®,. the addition of alternative sweeteners to
new fruit-based drinks could contribute to minimgithe incidence or severity of these
pathologies. Nevertheless, current knowledge onrithgence of these additives on the
bioactive compounds present in these beveragdsliscarce. Hence, to contribute to
the understanding of this issue, the plasma corat@m of phenolic compounds
(anthocyanins and flavanones), after the ingestdna new maqui-citrus-based
beverage, supplemented with sucrose (natural raggric), stevia (natural non-caloric),
or sucralose (artificial non-caloric), was evaldatas evidence of their intestinal
absorption and metabolism previous to renal examefThe beverages were ingested by
volunteers (n=20) and the resulting phenolic mdis®in plasma were analyzed by
UHPLC-ESI-MS/MS. A total of 13 metabolites were elged: caffeic acid sulfate,
caffeic acid glucuronide, 3,4-dihydroxyfenylacet®,4-dihydroxyfenylacetic sulfate.
3,4-dihydroxyfenylacetic acid di-sulfate, 3,4-dilnggyfenylacetic di-glucuronide, 3,4-
dihydroxyfenylacetic glucuronide-sulfatéransferulic acid glucuronide, naringenin
glucuronide, vanillic acid, vanillic acid sulfateanillic acid glucuronide-sulfate, and
vanillic acid di-glucuronide, being recorded theieximum concentration after 30-60
minutes. In general, sucralose provided the greatesorption value for most of these
metabolites, followed by stevia. Due to this, tliegent study proposes sucralose and
stevia (non-caloric sweeteners) as valuable alteesa to sucrose (high caloric
sweetener), to avoid the augmented risk of seweeshbolic disorders.

Keywords Anthocyanins; Flavanones; Stevia; sucralose;osa;rMetabolites; UHPLC-

ESI-MS/MS
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Abbreviations BMI, body mass index; CA, caffeic acid; CAT, aatel; Cy, Cyanidin;
DHPAA, 3,4-dihydroxyphenylacetic acid; DM2, diabetmellitus 2; Dp, delphinidin;
E, eriodictyol; ESI, electrospray ionization; GAallec acid; Glc, glucoside; Glu,
glucuronide; H, hesperetin; HA, hippuric acid; Himoeriodictyol; MRM, multiple
reaction monitoring; N, naringenin; TFAtransferulic acid; THBA, 2,4,6-
trihydroxybenzaldehid; TIFAtransisoferulic acid; VA, vanillic acid; WHO, World

Health Organization.
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1.  Introduction

Changes in dietary habits, set-up during the lastades, have been associated
with an increased incidence of obesity and typadbé&tes Mellitus (DM2). One factor
critically related to this metabolic disorder i®tbhverconsumption of sucrose, which is
closely linked to sugar-sweetened beverages [1].

In this scenario, the World Health Organization (@) jointly with other
institutions, has called for regulations that cotgduce the intake of sugar, including
the regulation of the composition of marketable et@pred beverages. Due to this, the
lookout for alternative sweeteners and the elabmraif healthy beverages has become
a cornerstone to control risk factors associated alesity and DM2 [2].

According to this growing awareness, fruit bevesad¢ the current trend of
increasing the consumption of bioactive compourttst thave an array of health
benefits, contributing to prevent the incidence aselerity of diverse diseases
associated with sugar consumption [3]. However,ioavailability of these phenolic
compounds is generally low (up to 10% of the tatédke) concerning non-esterified
compounds, although when considering the derivatfegemed as a result of the phase
Il reactions and the colonic metabolism, bioavaligbranges between 60% and 70%.
Indeed, the variation of the bioavailability valuesstrongly conditioned by the inter-
individual variability in terms of intestinal absaion and metabolism, as well as by the
physicochemical properties of the food/beveragerioes [4]. In this regard, the health
benefits associated to the consumption of theserbges have raised the incorporation
in diets of natural sources of bioactive phytocheis, being citrus fruits considered as
a specially valuable ingredient in the developnd@rftinctional beverages [3,5], as they
are rich in flavanones (e.g. narirutin, eriocitnmgohesperidin, and hesperidin), as well

as other phenolic compounds.
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Besides citrus fruits, Maqui bernAfistotelia chilensis(Mol.) Stuntz), has been
also widely used in the development of functionevdrages, based on its value as a
source of bioavailable and bioactive compoundsh siscanthocyanins, represented by
eight different derivatives of cyanidin and delgtin [6].

Based on these antecedents, these two fruits gqgitices and maqui berry) have
been promoted as interesting ingredients for theeldpment of new functional
beverages [7-9]. However, additional informatiod ardeeper understanding regarding
the influence of alternative sweeteners on the rphaokinetics of the bioactive
compounds are still needed.

Therefore, the present article is aimed at uncogethe influence of diverse
sweeteners, including sucrose (natural high calostevia (natural non-caloric), and
sucralose (artificial non-caloric), on the plasmanaentration of flavanones and
anthocyanins in healthy, overweight, humans, dfteracute intake of (poly)phenol-rich
beverages developed on the base of these fruitssiMeeteners assessed in this work
were selected to compare a classical, natural hagidcaloric sweetener (sucrose) and
two non-caloric alternatives (sucralose, an aréfjcnon-caloric, and widely used
sweetener and stevia, a natural emergent sweetefidg assessment of the
concentration of these phenolic compounds and thetabolites in plasma is strongly
motivated by the previous description of the uyneoncentration in volunteers, which
demonstrated critical differences between sweesef&B8]. Also, the analysis of the
plasma concentration of these compounds will p®wadluable information on the
delay of their intestinal absorption after consupmtas well as about the identity of the
circulating metabolites responsible for the biotadiattributions), which can differ

from those excreted by the urine.



106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

2. Material and methods
2.1. Chemicals and reagents

Cyanidin (Cy) 30O-glucoside, delphinidin (Dp) 8&-glucoside, eriodictyol (E),
homoeriodictyol (HE), naringenin, and hesperetinrevpurchased from TransMIT
(Geiben, Germany). Narirutin, hesperidin, erionitrcaffeic (CA; also known as 3,4-
dihydroxycinnamic acid), gallic (GA; also known &g,5-trihydroxybenzoic acid), 3,4-
dihydroxyphenylacetic (DHPAA), hippuric (HA), trafferulic (TFA; also known as 4-
hydroxy-3-methoxycinnamic acid), trans-isoferulldKA; also known as 3-hydroxy-4-
methoxycinnamic acid), and vanillic (VA; also knowa 4-hydroxy-3-methoxybenzoic
acid) acids, 2,4,6-trihydroxybenzaldehid (THBA),dacatechol (CAT; also known as
benzene-1,2-diol) were obtained from Sigma Ald(igh Louis, USA). Formic acid and
acetonitrile of analytical grade were obtained fr&mher-Scientific (Loughborough,
UK). All solutions were prepared with ultrapure aldized water from a Milli-Q

Advantage A10 ultrapure water purification systévill{pore, Burlington, MA, USA).

2.2. Beverages production and characterizationtan(poly)phenolic content

Fresh dry organic maqui powder was provided by Nagew Life S.A.
(Santiago, Chile). Citricos de Murcia S.L. (Murcigpain) and AMC Grupo
Alimentacion Fresco y Zumos S.A. (Murcia, Spainp@ied the citrus juices. Sucrose
was obtained from AB Azucarera lberia S.L. (Mad$ghain), Stevia from AgriStevia
S.L. (Murcia, Spain), and Sucralose from Zukan (dfrSpain).

Maqui-citrus beverages were processed as previalesgribed [8,9]. Briefly,
maqui powder was mixed with citrus juices to obttie base drink. Then, the three

selected sweeteners were added, to obtain theahffdeverages, and pasteurized by
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applying 85 °C during 58 seconds Afterward, thetomes were bottled and stored at
5 °C until being consumed by the volunteers.

Magqui-citrus drinks were characterized on their lfjjghenolic composition
following the methodology previously described [1],1Beverages were centrifuged at
10500 rpm, during 5 min (Sigma 1-13, B. Braun Bobtelnternational, Osterode,
Germany). The supernatants were filtered througia mm PVDF membrane (Millex
HV13, Millipore, Bedford, Mass., USA) and analyzdty RT-HPLC-DAD. The
chromatographic analyses were carried out on a Lainam Gg(2)100 A column
(250.0 x 4.6 mm), using Security Guard Cartridge® R.0 x 3.0 mm both supplied by
Phenomenex (California, USA), using 5% formic aand deionized Milli-Q water
(solvent A) and 100% methanol (solvent B), upon limear-gradient (time, %B)
(0, 15%); (20, 30%); (30, 40%); (35, 60%); (40, 904, 90%); (45, 15%), and (50,
15%), using an Agilent Technologies 1220 Infinitiglid Chromatograph, equipped
with an auto-injector (G1313, Agilent Technologiasd a Diode Array Detector (1260,
Agilent Technologies, California, USA). Chromatamsawere recorded and processed
on an Agilent ChemStation for LC 3D systems. Thiuwe of injection and flow rate
were 10 pL and 0.9 mL/min, respectively. The quexaion of flavanones and
anthocyanins was done on UV chromatograms recoatl&@80 nm as hesperidin and
520 nm as cyanidin 8-glucoside, respectively, and expressed as mg @@rmiL of

juice (mg/100 mL).

2.3. Experimental design
A double-blind, randomized, cross-over clinical dstuhas been conducted in
overweight individuals (n=20), by the Catholic Uarsity of Murcia (Murcia, Spain).

The study and protocol were approved by the OffiEthical Committee of Clinical
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Studies (CEIC) of University Hospital ‘Morales Megser’ (Murcia) and registered at
ClinicalTrials.gov (NCT04016337). The volunteersoypded written consent to
participate in this study. The criteria for voluaite’ selection to participate in the study
were to be in good health, overweight (body masexn(BMI) between 24.9 and
29.9 kg/nf following WHO criteria), aged 40-60 years, non-&exs, non-affected by
dyslipidemia, and normotensive, with no chronicneaéses and no taking any
medication. After an initial phase of 3 days of la&it with a (poly)phenols free and
added sugar-free diet, 330 mL of the test drinksv(a, sucralose, or sucrose added
sweetener) were administered on fasting conditi®lasma samples were collected
before the beverage ingestion (0 min point), ad alin the following times: 30, 60,
and 210 min. After 15 days, the process was rege&be each volunteer ingesting
another drink developed with remaining sweetenartl @ll types of drink were
consumed by all the volunteers (3 rounds). Plasanapkes collected were stored at -
80°C until analyses that were performed once eaciog was finished and in the same

batch to minimize analytical variations.

2.4. Plasma samples collection, processing, andyarsaby UHPLC-ESI-MS/MS

The plasma extraction procedure was applied aaugrdd the methodology
previously described [8,9]. Briefly, plasma samplesre defrosted and diluted in
acetonitrile/formic acid (98:2, v/v) 1:2,5 (v/v)prex for 1 min, sonicated for 10 min,
and centrifuged at 15000 g for 10 min, at( (Sigma 1-16, B. Braun Biotech
International, Osterode, Germany). Afterward, sopt&nts were concentrated in a
speed vacuum concentrator and reconstituted inu20thethanol/Milli-Q-water 0.2%

formic acid (v/v) (50:50, v/v). Later on, the samplere centrifuged at 15000 g for 10
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min, at 3C (Sigma 1-16, B. Braun Biotech International, @sde, Germany), and
stored at -28C until analysis by UHPLC-ESI-MS/MS.

The identification and quantification of phenolicetabolites was performed by
applying the methodology previously reported, wajptimized injected volume, flow
rate, and MS parameters, by comparison with frephdypared standards curves of the
different phenolics [8,9,11]. The analysis of thamgles on the profile and
concentration of phenolic metabolites was carrietl an a chromatographic column
Ascentis Express F5 (50 x 2.1 mm; 2.7 um pore $&gma, Osterode, Germany). The
solvents used for the chromatographic separatiae weionized Milli-Q water/formic
acid (99.9:0.1, v/v) (solvent A) and acetonitriggfhic acid (99.9:0.1, v/v) (solvent B),
upon the linear-gradient (time, %B) (0, 10%); (@%); (10, 60%); (11, 80%); (13,
80%); (13.01, 10%), and (14.50, 10%); using an UBRlystem coupled with a triple
guadrupole tandem mass spectrometer, model 646&(Wdechnologies, Waldbronn,
Germany), operated in multiple reaction monitoriddRM) and negative/positive
electrospray ionization (ESI) modes. The volumedatgd and flow rate were 10 uL and
0.2 mL/min, respectively. The MS parameters, atdp8mized conditions, were gas
temperature 325 °C; gas flow 10 L/min; nebulizerp$, sheath gas heater 275 °C;
sheath gas flow 12; capillary voltage 4000-5000 W¢harging 1000-2000. Data
acquisition and processing were performed by udassHunter software version
B.08.00 (Agilent Technologies, Walbronn, Germanyjalfle 3). Regarding the
quantification of the diverse compounds identifigdlues of area providing signal to
noise ratio lower than 1/3, established as theamsss criteria for the limit of detection
(LOD), were considered and in consequence valuegrldhan LOD were neither

identified nor quantified.
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2.5. Statistical analysis

Quantitative data are presented as mean = SD ofvd@0Onteers. Specific
differences were examined by a Repeated Measure) (MMtivariate analysis of
variance (ANOVA) as the statistical analysis ofcéten for a number of dependent
variables higher than 2, measured as correlatetthwis used when measuring the
effect of an interventione(g, a dietary intervention) at different time pointhis
statistical model allows testing the main effectghin and between the subjects,
interaction effects between factors, and covareitects, as well as the effects of
interactions between covariates and between sufgetidrs. The data were processed
using the SPSS 21.0 software package (SPSS Inicadgeh Ill., U.S.A.) and the level of

significance was set-up p&0.05.

3. Resultsand discussion
3.1. Flavanone and anthocyanin content of beverages

The quantitative profile of the juices regarding tbhenolic compounds was set
up, to establish the flavanones and anthocyaniesept in the maqui-citrus beverages
developed using three different sweeteners (stestiaralose, and sucrose) and thus,
susceptible to be absorbed in the intestine dfi@r tietary ingestion. In this regard, it
was observed the presence of the four followingailenes: hesperidin (hespereti®7-
rutinoside) that presented the highest concentraftb87 mg/100 mL, on average),
followed by narirutin (naringenin ©-rutinoside; 1.31 mg/100 mL, on average),
eriocitrin (eriodictyol 7O-rutinoside, 0.32 mg/100 mL, on average), &nttiglycosyl-
naringenin with the lowest concentrations (0.14X86/mL, on average). On the other

hand, anthocyanins were found in higher amountsngbdp 3,50-di-glc the
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predominant (3.49 mg/100 mL, on average), followeg Dp 3O-sam-50-glc
(3.15 mg/100 mL, on average), DpQglc (2.93 mg/100 mL, on average), CyO3-
sam-50-glc and Cy 3,59-di-glc (1.48 mg/100 mL, on average), DpO3sam
(12.10 mg/100 mL, on average), CyXBglc (0.55 mg/100 mL, on average), and CQ-3-
sam (0.40 mg/100 mL, on average). No statisticaignificant differencesp0.05)
were observed between the flavanone and anthocgantents of the different maqui-

citrus drinks when considering individual or tolavanones (Tables 1 and 2).

3.2. Qualitative analysis of plasma metabolitedlafanones and anthocyanins of the

maqui-citrus beverage

To profile the diversity of citrus flavanones andagui-berry anthocyanins
absorbed at the intestinal level and subsequentgemt in plasma, samples were
collected before and after the ingestion of 330 ahthe diverse beverages at different
times, and processed to identify possible diffeesnoetween the three beverages (with
stevia, sucralose, or sucrose added). Based omopsevesearches [8,9], metabolites
already described in urine after the ingestioniofilar juices were looked for. Upon
this strategy, 30 phenolic metabolites derived fitamanones and anthocyanins, were
detected in plasma (Table 3). More specificallle tompounds identified in plasma
were eriodictyol (E), eriodictyol glucuronide (Eugl eriodictyol sulfate (E sulfate),
homoeriodictyol glucuronide (HE glu), homoeriodiatyglucuronide-sulfate (HE glu-
sulfate), naringenin (N)Q-triglycosyl-naringenin and naringenin glucuronidé glu),
regarding flavanones. In addition, it was also tded the presence of caffeic acid
glucuronide (CA glu), caffeic acid sulfate (CA slf), caffeic acid glucuronide-sulfate
(CA glu-sulfate), 3,4-dihydroxyphenylacetic acidHPAA), 3,4-dihydroxyphenylacetic

acid glucuronide (DHPAA glu), 3,4-dihydroxyphenydic acid di-glucuronide

11
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(DHPAA di-glu), 3,4-dihydroxyphenylacetic acid saté (DHPAA sulfate), 3,4-
dihydroxyphenylacetic acid glucuronide-sulfate (D& glu-sulfate), 3,4-
dihydroxyphenylacetic acid di-sulfate (DHPAA di-&i€), hippuric acid (HA),
hippuric acid sulfate (HA sulfate), hippuric acitbguronide-sulfate (HA glu-sulfate),
trans-ferulic acid (TFA), trans-ferulic acid gluomide (TFA glu), trans-ferulic acid di-
sulfate (TFA  di-sulfate), 2,4,6-trihydroxybenzaliin  (THBA), 2,4,6-
trihydroxybenzaldehide sulfate (THBA sulfate), sasoferulic acid (TIFA), vanillic
acid (VA), vanillic acid di-glucuronide (VA di-gly)vanillic acid sulfate (VA sulfate)
and vanillic acid glucuronide-sulfate (VA glu-sul® concerning anthocyanins. These
phenolic compounds were tentatively identified adow to their retention time,
molecular masses, and fragmentation pattern actptdi the information available in
the literature [11].

Although hesperidin (hesperetin 7-rutinoside) wasrmost abundant flavanone in
the beverages, accounting for 73.3% of total flaveas, neither this flavanone nor its
phase Il derivatives (H glu, H sulfate, H glu-stéfaH di-glu and H di-sulfate) were
observed in plasma in concentrations higher thanithit of detection of the method.
Also, none of the precursor anthocyanins (Dp anda@lycones) were found in the
plasma samples analyzed. The lack of a properifaetion of these anthocyanins in
plasma could be attributed to their degradationnduthe gastrointestinal digestion
process, as well as due to their low absorptioa etthe intestinal level, especially
because of the intestinal absorption mechanismantiocyanin glycosides are still
speculative. Moreover, in some extent the fractobrthese compounds absorbed at
intestinal level could suffer the metabolism of @pathelial cells and hepatocytes giving
rise to phase Il derivatives [12]. In this aspédias been recently demonstrated that the

metabolism of the precursor, towards different ddgtion metabolites, depends on the

12
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metabolic traits of the volunteers and the intelividual variation [13]. So that, most
metabolites detected (E, E glu, E sulfate, HE §l&, glu-sulfate, N, N glc, CA glu-
sulfate, DHPAA glu, HA sulfate, HA glu-sulfate, TEAFA di-sulfate, THBA, THBA
sulfate and TIFA) were found in a reduced numbewainteers in a quantifiable
amount, turning them into non-representative, agidforcing the relevance of the
biological features inherent to each volunteer tbe final bioavailability of
(poly)phenols. Moreover, the dispersion detectethan quantitative profile of plasma
metabolites, enclosed to the inter-individual vi@oia would make difficult to find
significant differences between beverages.

On the other hand, N glu, CA glu, CA sulfate, DHPAMPAA di-glu, DHPAA
sulfate, DHPAA glu-sulfate, DHPAA di-sulfate, HA,FA glu, VA, VA di-glu, VA
sulfate, and VA glu-sulfate were identified and wfifeed in plasma of all volunteers.
However, HA was not considered because of its tigbkground levels, probably
originated from other dietary and endogenous saumaking the determination of the

amounts coming from the metabolism of anthocyadifiult [14].

3.3. Quantitative profile of flavanone and anthanyametabolites in plasma

The quantification of circulating metabolites wasveloped on basal plasma
(0 minutes), as well as on plasma at 30, 60, adn@hutes. The kinetic for the above-
referred metabolites exhibited the highest conegintn at 30-60 min in plasma, after
the intake of the beverages, according to previsuglies [15], suggesting that
sweeteners do not change the absorption kinetitagbnoids. For this reason, all
concentrations described are referred to as tmatfpioints (Fig. 1).

The content of N glu in plasma was 0.10 pg/mL tih@se volunteers that ingested

stevia as sweetener. This concentration was higihe@n the reached when using

13
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sucralose and sucrose, which displayed concenimatit25% lower, on average, in
comparison with beverages done using sucralose (FigDespite these differences
between sweeteners, the application of the RM ANQM¥Awed identifying significant
augments regarding the concentration of N glu at 3@ (<0.05) for juices developed
using stevia as sweetener.

The amount of whole phase Il derivatives of CA reed was 0.37 ng/mL after
the intake of sucralose-sweetened beverages, bed®yo higher, on average, than the
provided after the intake of beverages prepareagusievia and sucrose as sweeteners.
When analyzing the effect of the sweetener reggrttie individual compounds, for CA
glu and CA sulfate, the highest values correspodgaices developed using sucralose
as sweetener, which gave rise to plasma concemigatof 0.22 and 0.07 ng/mL,
respectively. These concentrations were ~36% higfem those reached when using
stevia and sucrose. (Fig. 1). Summarizing the eftdcconsuming the juices under
evaluation, the only phase Il derivative of CA thacreased significantly its
concentration in peripheral blood plasma 30 andn@® after the dietary intervention,
according with the RM ANOVA was CA glup€0.05 andp<0.01, respectively for
stevia and both time points significantpa.05 for sucrose and sucralose).

Moreover, sucrose was the sweetener that providesl highest plasma
concentration for the sum of DHPAA and their phdisenetabolites (2.44 ng/mL),
which was ~36% higher than the reached when usiogkse and stevia. For DHPAA
di-glu, DHPAA glu-sulfate and DHPAA di-sulfate, tlghest value corresponded to
the juices developed with added stevia (0.58; (ahfl 0.29 ng/mL, respectively).
Nevertheless, for DHPAA sulfate, the beveragesaektbd with sucrose were the ones
that provided the highest concentration in plasid? ng/mL. The intake of sucralose

sweetened juices rendered a higher plasma contientthan the other sweeteners for

14
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DHPAA, 0.33 ng/mL. In this case, when comparing sveeetened beverage which
provided the highest bioavailability for each compd against the remaining ones, the
intestinal absorption rates were ~34% lower, forHAA and their phase Il metabolites
considered individually (Fig. 1). The only signditt increase of the basal plasma
concentration was retrieved for DHPAA di-sulfate38tand 60 min after the ingestion
of juices elaborated using sucrose and sucralose@stenerg0.05).

Regarding TFA glu, stevia-sweetened juices providbée highest plasma
concentration (0.81 ng/mL), which resulted in a 78%her, on average, than the
obtained after the ingestion of sucrose- and stewieetened beverages.

The sum of the plasma concentration of VA and itase Il derivatives provided
values of 6.13 ng/mL, in volunteers ingesting slos@sweetened juices, while the
beverages developed based on stevia and sucroserigavto plasma concentrations
57% lower values, on average. When consideringiddal metabolites, for VA di-glu,
VA sulfate, and VA glu-sulfate, the highest valu@responded to sucralose-sweetened
juices, with the average plasma concentration walu®3, 1.45 and 2.38 ng/mL,
respectively. However, for VA, stevia-based dridisplayed the highest concentrations
(0.81 ng/mL) (Fig. 1). Although, the dispersiontbe values recorded as a result of
inter-individual variability did not allow retriemg significant differences between
sweeteners when applying the one-way ANOVA and Rorsc multiple range tests
[16], when analyzing the increase caused by thearagp sweeteners using MR
ANOVA, it was observed that non-esterified VA antht VA experienced a significant
augment after 60 mirp€0.05) for stevia-sweetened beverages.

As overall, results, described on the intestinasoaption of flavanones and
anthocyanins after the intake of the developed tages, indicated that stevia and

sucralose were the most efficient sweeteners, degarthe plasma concentrations
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achieved for most flavanone and anthocyanin meitaso(N glu, DHPAA di-glu,
DHPAA glu-sulfate, DHPAA di-sulfate, TFA glu and VAor stevia; CA glu, CA
sulfate, DHPAA, VA di-glu, VA sulfate and VA glu-Hate, for sucralose), while
sucrose only provided significantly higher concatims of DHPAA sulfate. These
differences could be attributable to the centrld i intestinal sugar transporters in the
absorption of flavonoids, as well as to the competeevents that could be established
between the separate sweeteners used and the iphesrmapounds found [12]. In this
regard, the central role of the sugar transporiarsghe absorption of phenolic
compounds has been established on the base ofctérazimg the influence of the
attached sugar in esterified phenolics that alswition strongly their solubility in the
intestinal mucus as part of the mechanism of pawpls absorption, as described for
catechins, flavanones or phenolic acids [17]. Hevethe gap of knowledge on the
effects of other components of foods, such as ®meet present in manufactured
products, on the bioavailability of polyphenols awaderexplored, being required
additional human studies to set-up the generatiples affecting absorptian vivo.

Thus, these results suggest that both stevia amrdlese were better than sucrose
in terms of intestinal absorption of citrus and miaghenolics. In this aspect, several
studies, describing the effects on human health athbolic diseases of stevia and
sucralose, have reported contradictory resultsxgensively reviewed by Daher et al.
[18]. In this case, the majority of these intervemél studies are focused on non-
nutritional sweeteners isolated, the reason whyirttexaction of sweeteners with diet
remains underexplored [18].

The interest of establishing the pharmacokinetiatuiees of (poly)phenols in
functional beverages is supported by their widedgognized biological benefits in

humans, as a result of their dietary ingestiorthia regard, to the present date, several
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studies have suggested the cardioprotective actofithesperidin and its aglycone,
hesperetin (H) [4,19,20]. Besides, a study caraatdon adults affected by metabolic
syndrome revealed that the dietary ingestion of li@0Ohesperidin per day, for three
weeks, improves the endothelial function and resdltlce level of inflammatory markers
[21]. On the other hand, anthocyanins are featimedaluable biological properties,
including high radical scavenging activity, and tdapacity to protect humans against
risk factors for cardiovascular diseases and tabihladipogenesis, inflammation, and
diabetes symptoms [6,22]. Also, recent meta-analysfeprospective cohort studies
have evidenced that the dietary intake of anthaogareduces the risk of DM2 and

cardiovascular disease, thus providing vasculaefitsri23].

4.  Conclusions

The results obtained in the present work shed lagghtthe absorption ratio for
berry anthocyanins and citrus flavanones, as vk aariety of phase Il derivatives,
resulting from the gastrointestinal process on dhpgkenolic compounds. This is of
special relevance because of the protective atinis of these compounds against
cardiovascular diseases, and to decrease the tgeg€rnnflammatory processes and
diabetes symptoms. The results obtained suggeséédhie greatest bioavailability for
most of these metabolites was provided by steviasarcralose, while, sucrose showed
higher bioavailability only in 1 out of the 13 mbktdites analyzed. So, considering the
significantly different bioavailability achieved wh ingesting beverages developed
using the three sweeteners, this study proposesalese and stevia (non-caloric
sweeteners) as valuable alternatives to sucrosgh (loaloric sweetener), which
consumption has been associated to an augmenteafriBM2, obesity, and other

metabolic disorders. Moreover, since this work shigwomising results based in an
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404 acute intervention study, the development of aarugntion assay addressed to set-up
405 the effect of the chronic ingestion of the bestgsi according to our results could be
406 interesting to understand more about the effectsumnan health of the two alternatives.
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FIGURE CAPTIONS

Fig. 1. Content (mean + SD, n=20) of single flavonoid abelites in basal peripheral
blood plasma and plasma obtained, from healthyvesight volunteers, 30, 60, and 210
minutes after ingesting 330 mL of maqui-citrus brages developed using stevia )

sucralosed), and sucrosea(), as sweeteners.
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490

491

TABLES

Table 1. Flavanone compaosition of the maqui-citrus juices.

Flavanones “ (mg/100mL )

Beverages - — —— —

O-triglycosyl-N E 7-O-rutinoside N 7-O-rutinoside  H 7-O-rutinoside  TOTAL
Stevia 0.15 + 0.02 0.32 +0.04 1.30+0.01 4.87040 6'84;
Sucralose 0.14 +0.02 0.32+0.01 1.31+0.01 4801 6'g3li

6.64 +

Sucrose 0.14 +0.01 0.31+0.03 1314001 4.8 o1
P-value >0.08's >0.05M >0.05M° >0.05M° >0.05M

ZN, naringenin; E, eriodictyol; H, hesperetin.
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Table 2. Anthocyanins composition of the maqui-citrus juices

Anthocyanins“ (mg/100mL )

Beverages Cy 3-O-sam-5-O-glc
Dp 3-O-sam-5-O-glc  Dp 3,5-O-diglc + Dp 3-O-sam Dp3-O-glc  Cy 3-O-sam Cy 3-O-glc TOTAL
Cy 3,5-O-di-glc
Stevia 3.06 £0.12 3.59£0.02 1.54 +0.02 1.09040 2.87 +0.02 0.40 £0.01 0.54 £0.01 13.1+0.2
Sucralose 3.19£0.05 3.51+0.01 151+0.01 1001 3.02+0.01 0.41+0.01 0.57 £0.01 13.3+0.1
Sucrose 3.19+0.01 3.36 £ 0.09 1.38+0.01 1.091 2.90+0.01 0.40£0.01 0.55+0.01 129+0.2
P-value >0.09's >0.05M* >0.05M* >0.05M* >0.05M* >0.05M* >0.05M* >0.05M*

Z Cy, cyanidin; Dp, delphinidin; Glc, glucoside; Sasambubioside.
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Table 3. Qualitative analysis of anthocyanin and flavanoretabolites in plasma after the ingestion of
maqui-citrus juices determined by UHLC-ESI-QqQ-MS&Mperated in multiple reaction monitoring,
in negative and positive ionization modes, respebti

RT Precur sor Product ion Fragmentation CE
Compound (min) ion MS2 [M-H] ) (V) Polarity
[M-H] m/z m/z
Cyanidin metabolites
Cyanidin (Cy) 8.81 (<LOD) 287.0 137.0 100 20 Positi
Cy 3-O-glucoside <LOD 449.0 287.0 100 20 Positive
Cy 3,50-di-glucoside <LOD 743.0 287.0 100 20 Positive
Cy 3-O-sambubioside <LOD 581.0 287.0 100 20 Positive
Cy 3-O-sambubioside-®- <LOD 611.0 287.0 100 20 Positive
glucoside
Delphinidin metabolites
Delphinidin (Dp) 5.18 (<LOD) 303.0 229.0/257.0 100 20 Positive
Dp 3-O-glucoside <LOD 465.0 303.0 100 20 Positive
Dp 3,50-di-glucoside <LOD 627.0 303.0 100 20 Positive
Dp 3-O-sambubioside <LOD 597.0 303.0 100 20 Positive
Dp 3-O-sambubioside-%- <LOD 759.0 303.0 100 20 Positive
glucoside
Eriodictyol metabolites
Eriodictyol (E) 6.49 287.0 151.0 70 10  Negative
Eriocitrin <LOD 449.0 287.0 70 10  Negative
E glucuronide 4.87 463.0 287.0 70 10  Negative
E di-glucuronide <LOD 639.0 287.0 70 10  Negative
E sulfate 5.53 367.0 287.0 70 10  Negative
E di-sulfate <LOD 447.0 287.0 70 10  Negative
E glucuronide-sulfate <LOD 543.0 287.0 70 10  Negati
Hesperetin metabolites
Hesperetin (H) 7.30 (<LOD) 302.0 151.0 70 20  Negati
Hesperidin <LOD 609.0 302.0 70 20  Negative
H glucuronide <LOD 478.0 302.0 70 20  Negative
H di-glucuronide <LOD 664.0 302.0 70 20  Negative
H sulfate <LOD 382.0 302.0 70 20  Negative
H di-sulfate <LOD 462.0 302.0 70 20  Negative
H glucuronide-sulfate <LOD 558.0 302.0 70 20  Negati
Homoeriodictyol metabolites
Homoeriodictyol (HE) 7.30 (<LOD) 301.0 151.0 110 15Negative
HE glucuronide 5.50 477.0 301.0 110 15 Negative
HE di-glucuronide <LOD 653.0 301.0 110 15 Negative
HE sulfate <LOD 381.0 301.0 110 15 Negative
HE di-sulfate <LOD 461.0 301.0 110 15  Negative
HE glucuronide-sulfate 4.67 557.0 301.0 110 15 Nega
Naringenin metabolites
Naringenin (N) 7.26 271.0 119.0 130 20 Negative
O-triglycosyl-N 4.63 433.0 271.0 130 20 Negative
Narirutin <LOD 579.0 271.0 130 20  Negative
N glucuronide 5.07 433.0 271.0 130 20  Negative
N di-glucuronide <LOD 623.0 271.0 130 20 Negative
N sulfate <LOD 351.0 271.0 130 20  Negative
N di-sulfate <LOD 431.0 271.0 130 20  Negative
N glucuronide-sulfate <LOD 527.0 271.0 130 20 Nbagat

<LOD, lower than the limit of detection.
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Table 3. Qualitative analysis of anthocyanin and flavanoretabolites in plasma after the ingestion of
maqui-citrus juices determined by UHLC-ESI-QqQ-MS&Mperated in multiple reaction monitoring,
in negative and positive ionization modes, respebti(Cont).

Caffeic acid metabolites

Caffeic acid (CA) 3.25 (<LOD) 179.1 135.0 70 15 Mege
CA glucuronide 2.40 355.1 179.1 70 15 Negative
CA di-glucuronide 1.67 531.1 179.1 70 15 Negative
CA sulfate 2.99 259.1 179.1 70 15 Negative
CA glucuronide-sulfate 1.95 435.1 179.1 70 15 Negat
CA di-Sulfate <LOD 339.1 179.1 70 15 Negative
Catechol metabolites

Catechol (CAT) 5.04 (<LOD) 109.0 67.0 80 6 Negative
CAT glucuronide <LOD 286.0 109.0 80 6 Negative
CAT di glucuronide 2.83 (<LOD) 461.0 109.0 80 6 Hege
CAT sulfate 1.59 (<LOD) 189.0 109.0 80 6 Negative
CAT glucuronide-sulfate 1.38 (<LOD) 365.0 109.0 80 6 Negative
CAT di-sulfate <LOD 269.0 109.0 80 6 Negative
3,4-Dihydroxyphenylacetic acid metabolites

3,4-Dihydroxyphenylacetic acid 1.80 166.8 123.2 70 5 Negative
(DHPAA)

DHPAA glucuronide 1.58 342.8 166.8 70 5 Negative
DHPAA di-glucuronide 1.04 518.8 166.8 70 5 Negative
DHPAA sulfate 1.14 246.8 166.8 70 5 Negative
DHPAA glucuronide-sulfate 0.74 422.8 166.8 70 5 bdlag
DHPAA di-sulfate 1.07 326.8 166.8 70 5 Negative
Hippuric acid metabolites

Hippuric acid (HA) 2.55 178.0 134.4 80 5 Negative
HA glucuronide 1.70 (<LOD) 354.0 178.0 80 5 Negativ
HA di-glucuronide 0.59 (<LOD) 530.0 178.0 80 5 Nega
HA sulfate 1.78 258.0 178.0 80 5 Negative
HA glucuronide-sulfate 1.50 434.0 178.0 80 5 Negati
HA di-sulfate <LOD 338.0 178.0 80 5 Negative
Galllic acid metabolites

Gallic acid (GA) 0.71 (<LOD) 169.0 125.0 70 10 Nega
GA glucuronide <LOD 345.0 169.0 70 10  Negative
GA di-glucuronide <LOD 521.0 169.0 70 10  Negative
GA sulfate <LOD 249.0 169.0 70 10  Negative
GA glucuronide-sulfate <LOD 425.0 169.0 70 10 Negat
GA di-sulfate <LOD 329.0 169.0 70 10  Negative
Transferulic acid metabolites

Transferulic acid (TFA) 4.46 192.8 133.8 20 5 Negative
TFA glucuronide 4.25 368.8 192.8 20 5 Negative
TFA di-glucuronide 1.74 (<LOD) 544.8 192.8 20 5 ldege
TFA sulfate 3.56 (<LOD) 272.8 192.8 20 5 Negative
TFA glucuronide-sulfate <LOD 448.8 192.8 20 5 Négat
TFA di-sulfate 1.32 352.8 192.8 20 5 Negative
<LOD, lower than the limit of detection.
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Table 3. Qualitative analysis of anthocyanin and flavanoretabolites in plasma after the ingestion of
maqui-citrus juices determined by UHLC-ESI-QqQ-MS&Mperated in multiple reaction monitoring,
in negative and positive ionization modes, respebti(Cont).

2,4,6-Trihydrobenzaldehid metabolites

2,4,6-Trihydrobenzaldehid 5.10 153.1 106.8 90 18 Negative
(THBA)

THBA glucuronide 5.08 (<LOD) 329.1 153.1 90 18 Netbem
THBA di-glucuronide <LOD 505.1 153.1 20 18 Negative
THBA sulfate 1.46 233.1 153.1 90 18 Negative
THBA glucuronide-sulfate <LOD 409.1 153.1 90 18 Hege
THBA di-sulfate <LOD 313.1 153.1 90 18 Negative
Trans-isoferulic acid metabolites

Transisoferulic acid (TIFA) 1.46 193.7 134.7 70 5 Neagat
TIFA glucuronide <LOD 366.7 193.7 70 5 Negative
TIFA di-glucuronide <LOD 545.7 193.7 70 5 Negative
TIFA sulfate 1.45 (<LOD) 273.7 193.7 70 5 Negative
TIFA glucuronide-sulfate <LOD 449.7 193.7 70 5 Nz
TIFA di-sulfate <LOD 353.7 193.7 70 5 Negative
Vanillic acid metabolites

Vanillic acid (VA) 3.18 167.0 151.8 100 15 Negative
VA glucuronide 1.57 (<LOD) 343.0 167.0 100 15 Négat
VA di-glucuronide 1.01 519.0 167.0 100 15 Negative
VA sulfate 1.14 247.0 167.0 100 15 Negative
VA glucuronide-sulfate 0.93 423.0 167.0 100 15 Niega
VA di-sulfate 1.13 (<LOD) 327.0 167.0 100 15 Neuyati
<LOD, lower than the limit of detection.
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Sweetener influences plasma concentration of flavonoids in
humans after an acute intake of a new (poly)phenol-rich
beverage

HIGHLIGHTS

- Plasma concentration of bioavailable anthocyanins and flavanones was determined

- Sweetener were assessed on their capacity to influence the bioavailability of
anthocyanins and flavanones

- The greatest bioavailability for these metabolites was provided by sucralose and
stevia

- Sucralose and stevia are valuable alternatives to sucrose
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