Available online at www.sciencedirect.com

SCIENCE@DIRECT° ]OURNALOF
CHROMATOGRAPHY A

Vi

ol TSR
ELSEVIER Journal of Chromatography A, 1081 (2005) 127-131

www.elsevier.com/locate/chroma

Autoanalyzer for continuous fractionation and quantitation of the
polyphenols content in wines

Rafael Lucena, Soledadd@enas, Mercedes Gallego, Miguel \&cel

Department of Analytical Chemistry, Marie Curie Building (Annex), Campus de Rabanales,
University of @rdoba, E-14071 Grdoba, Spain

Received 30 March 2005; received in revised form 5 May 2005; accepted 23 May 2005

Abstract

A simple continuous flow autoanalyzer for the on-line fractionation of the polyphenols content in wines is proposed. The target compounds
are isolated from the matrix by solid-phase extraction on an Rf3@bent column, using selective solvents for the sequential elution of each
polyphenol family. Moreover, evaporative light scattering detection (ELSD) is used for the first time for the on-line monitorization of the three
polyphenol fractions present in the wine samples. Thus, a single sample injection is required to determine the global concentration of the
three selected polyphenol fractions and the whole analysis is completed within a few minutes. Three calibration graphs were constructed for
quantitative analysis of the global compounds concentration in every fraction and covered the range 5=30éxpugissed as gallic acid).

Average repeatability, expressed as relative standard deviation, was 4%. The proposed autonalyzer was applied to the analysis of a variety
of commercial wine samples. The results obtained were compared with those provided by the Folin—Ciocalteau method, being similar in all
instances.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction oak barrels in which the wine is stored. They are also affected
by the climatic conditions and vinification process. From the
The presence of wine in human culture goes back to 6000 point of view of quality , this family of compounds affects
years, carrying out very important social and religious func- directly to the sensorial properties of wine, as colour, astrin-
tions[1,2]. The chemical composition of wine istoo complex, gency or bitternes§7]. Moreover, they are involved in a
containing more than 500 different compounds in a wide protective effect on cardiovascul®&] and neurodegenerative
range of concentratior{8]. It has been proved that a mod- disease. Phenolic compounds have high antioxidant capacity
erate consumption of wine is related to a decrease in the[9] and they are excellent free radical scavenfHd Some
risk of cardiovascular diseadd], what is summarized in  researches have demonstrated that these type of compounds
the so-called French Paradf6]. This positive influence  reduce the peroxide concentration in plasma, LDL oxida-
may be due to various factors, mainly alcoholic and phenolic tion and thrombosis risk. The determination of this group of
contents. compounds can help to identify variations in wine types and
Phenols are characterised by the presence of hydroxyldifferences in winemaking and maturation processes as well.
groups in its structure, linked to aromatic rings. They are  Polyphenols can be divided into different families accord-
present in the grape (skin and seeds), but they may be pro-ing to either the polarity or the molecular weight. Most of
duced by yeast metabolism and could be extracted from thethe methodologies proposed for the determination of phe-
nolic compounds in wine involve liquid chromatographic
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To improve the resolution of the separation, a previous solid NaoCO3-10H,O and filtered through glass wool after crys-
phase extraction (SPE) step is usually required. The maintallization.
disadvantage of these methods is that they are tedious and
time-consuming. In order to avoid these inconveniences, dif- 2.2. Apparatus
ferent fractionation models have been established in routine
analysis as those proposed by Glorjgg], Oszmianski et The flow system consists of a Hewlett Packard 1050 high
al. [18] and, Di Stefano and Cravef@9]. In these models  pressure quaternary pump for solvents [water, acetonitrile
the first step is the retention of analytes in a sorbent mate-16% (v/v) in water, ethyl acetate and methanol] delivery; a six
rial, followed by a sequential elution with solvents of different  port LC injection valve (Knauer 6332000) fitted with a 1 ml
polarity. Within the protective effects of phenoliccompounds, PTFE sample loop and a DDL 31 evaporative light scattering
synergetic properties have been demonstrated; in this man-detector (Eurosep, Cergy-Pontoise, France) for monitoring
ner, the quantification of total concentrations of each family of analytes. The temperature of the ELSD evaporation cham-
could be interesting for further studies. ber was set at 68C and compressed air (at 2 bar) was used
In this paper a fractionation method, proposed by Oszmi- as nebulizing gas. Gain detector was set at 700, 550 and
anski et al., is automated, carrying out the determination of 650 V (depending on the polyphenol fraction being analyzed)
three families: (I) procyanidins, catechins and anthocyanin and was changed during the analysis. The sample loop was
monomers, (1) flavonols and (111) anthocyanin polymers. The filled by means of a syringe, using on-line filtration through
method uses a continuous flow manifold, which includes an a commercial nylon filter (0.4am pore size). PTFE tubing
on-line SPE step, directly coupled to an evaporative light of 0.5 mm I.D. for coils, and standard connectors were also
scattering detector (ELSD). Its quasi-universal response pro-employed. The flow system was connected to the ELSD by
vides a global signal for each of the polyphenol fractions and means of a 50 cmx 0.1 mm 1.D. PEEK tubing. For retention
thus avoids chromatographic separation. For this purpose,of analytes, a laboratory-made RRgCcolumn was con-
dilute wine samples adjusted to pH 7 are pumped through anstructed by packing 40 mg of the sorbent into a 3cAhmm
RP-Cg minicolumn. After a washing step with water, three [.D. PTFE tube using small cotton beads to prevent material
sequential and selective elutions were performed, each frac-losses. Signals were acquired using a Radiometer (Copen-
tion being sequentially monitored by the ELSD using asingle hagen, Denmark) REC 80 Servograph recorder and peak
sample aliquot. height was used as analytical signal.

2.3. Official method
2. Experimental
The standard method for polyphenols determination in
2.1. Reagents and samples wines was implemented in accordance with the AOAC's rec-
ommendatiofi20]. A working solution of 40 mgt* of gallic

All reagents were of analytical grade or better. HPLC acid (in water) was used for the construction of the calibra-
gradient grade organic solvents (acetonitrile, ethyl acetate,tion curve. Different volumes of this solution were placedina
methanol and ethanol) were supplied by Scharlau (Barcelona,5 ml volumetric flask, and 2501 of Folin—Ciocalteu reagent
Spain). Gallic acid and sodium hydroxide from Sigma— and 1 ml of sodium carbonate saturated solution were added;
Aldrich (Madrid, Spain) and Milli-Q ultrapure water (Mil-  the volumetric flasks were made up to the mark with Milli-Q
lipore Corp., Madrid, Spain) were also used. water. The calibration curve was run for solutions containing

A total of 18 wine samples, commercially available 0-9mg ! ofgallicacid f=12). The productwas monitored
were analyzed. Once opened, wine samples were trans-at 750 nm 30 min after sample preparation.
ferred to two 100 ml amber glass bottles (ho headspace vol-
ume was left in order to prevent analyte losses) and stored2.4. Autoanalyzer functioning
in the dark at 4C. Replicated analysis were carried out
within a few days to avoid storage damage of the samples. The autoanalyzer, based on the Oszmianski et al. frac-
Aliquots were filtered through a 0.48n nylon filter and tionation model Fig. 1), operates in a sequential fashion.
diluted if necessary. Samples were adjusted manifold to pH Initially the loop of the injection valve (1 ml) was filled with
7 with sodium hydroxide prior to their injection into the the dilute wine sample adjusted to pH 7, while a distilled
flow. water stream at a flow rate of 1.4 ml mihwas directly intro-

Folin—Ciocalteu reagent and sodium carbonate decahy-duced intothe ELSD to obtainthe baseline. Thenthe injection
drate and anhydrous (all from Merck, Darmstadt, Germany) valve was switched to the inject position and the sample, car-
were also used. The sodium carbonate saturated solutiorried by a Milli-Q water stream, passed through the RR-C
for the Folin—Ciocalteu method was prepared as follows: sorbent column at a flow rate of 1.4 mImih Polyphenols
359 of NaCOs was dissolved in 100 ml of water by heat- were quantitatively retained while other matrix components
ing at 70-80C; the solution was allowed to cool overnight (phenolic acids and sugars) were driven to the detector; the
and the supersaturated solution was seeded with crystals ofqueous stream was allowed to pass through the column for
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Solvents HPP

ELSD f---o- M

Fig. 1. Schematic diagram of the continuous manifold designed for the on-line fractionation and quantitation of polyphenols in wine. HPPungpuprass
IV, injection valve; S, sample; F, filter; W, waste; ELSD, evaporative light scattering detector; R, recorder.

3min (washing step). Next, the high-pressure pump deliv- and anthocyanin monomers; 550V for flavonols and 650 V

ers the solvents in a sequential fashion. First, an acetonitrilefor anthocyanin polymers) and the photomultiplier gain was

stream [16%, v/v in Milli-Q water] passes through the col- varied during/between analyses.

umn at a flow rate of 1.4mIlmin* for 4min, eluting the The nebulizer was cleaned monthly by passing an acetone

first polyphenol fraction, composed of procyanidins, cate- stream through the detector at a flow rate of 2.0 miThin

chins and anthocyanin monomers. Secondly, flavonols (sec-for ca. 10 min, keeping the air pressure at 2.5bar and the

ond fraction) were eluted by means of an ethyl acetate streamevaporation chamber temperature at 100

also at a flow rate of 1.4 ml mirt (1 min). The third fraction,

containing anthocyanin polymers was removed from the RP- 3.2. Optimization of chemical and flow variables

C1g column by using pure methanol stream at 1.0 mImhin

(2 min). All the fractions were monitored in the ELSD and Initially, the chemical variables proposed in the manual

the sequential determination of the three parameters was comalternative[18] were adopted, namely: samples adjusted to

pleted in ca. 10 min. After each analysis, a water stream waspH 7, RP-Gg as sorbent material, 16% acetonitrile at pH 2,

passed through the system at a flow rate of 1.4mithin  ethyl acetate, and methanol for the elution of first, second

(3 min) for clean-up and sorbent column conditioning. and third fractions, respectively. A laboratory-made sorbent
column packed with 50 mg of solid was inserted into the flow
manifold for optimization purposes. It is well known that the

3. Results and discussion RP-CGg material is not stable under strong acid or alkaline
conditions, being a serious inconvenience when the sorbent
3.1. Selection of the instrumental conditions column is coupled on-line to the detector as the degradation

products can affect baseline stability and block the detector;

The instrumental conditions were optimized by using a the sorbent properties are changing between successive anal-
dilute red wine sample as the standard and a flow configu-ysis as well. Therefore, the composition of the first eluent
ration similar to that depicted iffig. 1 Each sample was  was studied. For this purpose, different aliquots of the stan-
properly diluted in water (pH 7, adjusted with NaOH), and dard red wine were introduced into the flow system and the
1ml was injected into the autoanalyzer. The instrumental signal corresponding to the first polyphenol fraction was eval-
parameters affecting the determination of analytes were theuated using acetonitrile 16% (v/v) in water with and without
evaporative chambertemperature, the nebulizing gas pressureH adjustment. As negligible difference was obtained under
and the photomultiplier gaii21]. An univariant optimization  the experimental conditions, no hydrochloric acid was added
model was used for this purpose. The evaporation cham-to prevent sorbent degradation, and therefore, increasing the
ber temperature must be selected as a compromise betweestability of the column.
uniformity of particle size generated and complete solvent  Concerning the hydrodynamic variables, the flow rates
evaporation (giving negligible noise). It was studied in the for the four streams were studied within the interval
interval 55-85C, of 65°C being the optimum value. The 0.5-2.0mImirr®. The signal behaviour was similar in all
nebulizing gas pressure (air flow rate) affects the uniformity cases; the signal increased with the increasing flow rates
and size of the droplets formed, and was studied in the rangereaching a steady-state over certain value, being optimum
0.5-2 bar. Peak heights for the phenolic fractions increased upl.4 ml mir! for water, acetonitrile 16% (v/v) in water and
to 1.7 bar, remaining constant over this value; aworking pres- ethyl acetate streams, and 1.0 mlminfor the methanol
sure of 2 bar was therefore selected. The critical parameterone. Finally, the amount of sorbent material was evaluated
for this application was the photomultiplier gain, taking into between 15 and 75 mg. The signal increased with the increas-
account the different concentration level of the analytes in the ing amount of sorbent up to 30 mg, beyond which it remains
three fractions. For this reason different optimum values were virtually constant. A value 40 mg was adopted for further
selected for each fraction (700 V for procyanidins, catechins experiments.



130 R. Lucena et al. / J. Chromatogr. A 1081 (2005) 127-131

Table 1 3.4. Analysis of wine samples
Figures of merit of the proposed autoanalyzer for the determination of

polyphenol fractions in wine To demonstrate the applicability of the proposed auto-

Fraction Regression equaton  Linear range  RSD (%) analyzer, 13 commercial résand red wine samples were
I . o X
(mg ™) analyzed. Samples were diluted five times (to include the

:| Ilog 2: i-ig :Ogg*g-j 32‘280 ;-88 polyphenol concentration in each fraction within the respec-
0g S=1.49logC—2. — : . - . . .
i log S=1.86l0gC—2.6 5 0 51 tive calibration interval), adjusted to pH 7 and 1 ml was

injected into the automated system. The results obtained for
the three polyphenol fractions are listedTiable 2 Average
concentrations were calculated from five individual amounts
of each sample and all determinations were made in triplicate
(n=15). As expected, the lowest concentrations of polyphe-
3.3. Analytical performance nols corresponded to resvine.
In order to validate the proposed autoanalyzer, a parallel
The analytical figures of merit for the method were estab- set of five samples (wine samples 14-18) was also analyzed
lished by using the autoanalyzer depictedFig. 1 The following the continuous fractionation procedure, and deter-
calibration graphs for the three families of compounds studied mining the total polyphenol contents in each fraction by the
were constructed by injecting dilute wine aliquots in the auto- Folin—Ciocalteau method described under Sectidsriefly,
analyzer (wine sample 1Zable 3, as previously analyzed the on-line trace enrichment was carried out as follows. The
by the Folin—Ciocalteau method (to determine the global con- wine sample to be fractioned (typically 1 ml of wine dilute
centration of polyphenols in each fraction). The calibration five times and adjusted to pH 7 with NaOH) was applied to an
curve for each fraction was constructed by using 10 wine RP-Gg column and after a washing step with water at pH 7
aliquots [diluted between 1:40 and 1:1, v/v] and analyzed by (to remove phenolic acids and sugars), the retained polyphe-
triplicate (h=30). When the ELSD is used, it was assumed nols were sequentially eluted by using the same solvents asin
that in a large range of sample sizes, the measured analyticathe automatic method. The organic solvents were collected
signal @ can be related to the samples mass by the following in 5 ml volumetric flasks containing 2 ml of distilled water
relationship: and evaporated to dryness under a nitrogen stream as they
b dropped into the flasks. Once the solvent changeover step was
completed, the volumetric flasks were filled to the mark with
wherea andb are coefficients that depend on droplet size, distilled water. Different volumes of these solutions (depend-
concentration and nature of solute, evaporation temperaturejng on the polyphenol concentration) were transferred to 5 ml
etc. In the present method, the peak height was selected asolumetric flasks and the Folin—Ciocalteau method followed.
the quantitative signal, which was related to the concentration The results obtained for the five samples analyzed (four red
by a double logarithmic expression. The figures of merit for and one ros wines) are listed ifiable 3 A direct comparison
the calibration graphs are summarizedable 1 The preci- of the data reveals the usefulness of the proposed alternative
sion, expressed as relative standard deviation, calculated foifor the on-line fractionation-detection of polyphenols in wine
11 replicates of a dilute wine sample was acceptable in all samples taking into account the similar concentrations found

a g analytical signal (V);C: concentration (mgi® expressed as gallic
acid).

S =am

instances. using either continuous or manual procedures.

Table 2

Analysis of the three phenolic fractions of goand red wine samples using the proposed autoanalyzelr)

Sample Variety Alcohol content (%, v/v) Fraction | (mg)? Fraction Il (mg I1)2 Fraction Il (mgF1)2
1 Tempranillo (95%) 12.5 448 14 153+ 6 83+5
2 Tempranillo (100%) 13.0 57% 18 241+ 10 114+ 6
3 Tempranillo (85%) 12.0 482 15 162+ 6 79+ 5
4 Tempranillo (100%) 13.0 486 15 183+ 9 101+ 5
5 Tempranillo (95%) 125 59% 20 173+ 8 92+ 5
6 Tempranillo (80%) 12.5 526 20 161+ 6 100+ 6
7 Tempranillo (100%) 125 56& 20 156+ 6 92+ 5
8 Tempranillo (100%) 13.5 69% 25 225+ 10 172+ 10
9 Tempranillo (100%) 13.0 69@ 25 212+ 10 153+ 9

10 Tempranillo (85%) 13.0 65& 20 190+ 10 134+ 8

11 Merlot (100%) 13.0 71& 30 270+ 12 182+ 10

12 Cabernet Sauvignon (100%) 13.0 800 211+ 10 172+ 10

13 Garnacha (100%) 12.5 186 5 46+ 2 23+ 1

@ Concentration expressed as gallic acid.
b Ro% wine samples.
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Table 3
Analysis of the three phenolic fractions of &and red wine samples using the Folin Ciocalteau methed)
Sample  Variety Alcohol Total polyphenol  Fraction | (mgt?1)2 Fraction Il (mg I'1)2 Fraction Ill (mg1)a
content (%) (mgl-1)2

FCP Autoanalyzer F& Autoanalyzer F& Autoanalyzer F&

14 Cabernet Sauvignon 13.5 1130+ 50 690+ 20 700+ 30 244+ 10 255+ 15 184+ 10 175+ 12
(100%)

15 Tempranillo (95%) 12.0 68% 30 465+ 15 470+ 20 120+ 5 127+ 10 9445 90+ 6
16 Tempranillo (100%) 12.5 TTE 40 540+ 18 550+ 25 121+ 5 115+ 8 108+ 6 112+ 8
17 Garnacha (100%) 13.0 210 10 158+ 5 149+ 8 37+ 2 40+ 3 27+ 1 30+ 2
18 Tempranillo (95%) 13.0 772 40 506+ 15 500+ 20 187+ 9 1854+ 13 9145 87+ 6

a Concentration expressed as gallic acid.
b Folin—Ciocalteau method.
¢ Ros wine sample.
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