View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Institutional Research Information System University of Turin

4220 J. Agric. Food Chem. 2005, 53, 4220~4227 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Redox Chemistry of Red Wine. Quantification by an Oscillating
Reaction of the Overall Antioxidant Power as a Function of the
Temperature
ENRICO PRENESTL* SIMONA TOSO, AND SiLvViA BERTO

Dipartimento di Chimica Analitica dell'Universit&/ia Pietro Giuria 5,-10125, Torino, Italy

The redox and acid—base reactivity of red wines was studied from both the analytical and kinetic
standpoint. Four homemade wines, made from Italian red grape varieties of two different vintages,
were tested to study the effect of temperature (25 and 37 °C) on the overall antioxidant power, through
the Briggs—Rauscher oscillating reaction. The reaction was monitored by potentiometry (platinum
electrode) and by direct chronometric detection. A reference scale based on the response of gallic
acid was also employed, so as to achieve a quantitative evaluation: the novel Briggs—Rauscher
antioxidant index (BRAI) was developed to express the overall antioxidant power quantitatively versus
the chosen standard molecule. Overall antioxidant power was found to be related to total polyphenol
content measured using the Folin—Ciocalteu method: the older wines had a lower antioxidant ability.
Total acidity was also estimated indirectly by means of coupled pH-metric/photometric titrations and
visible spectrophotometric measurements; it revealed an overlap between acid—base and redox
chemistry of red wine.

KEYWORDS: Antioxidant power measurement; redox chemistry; red wine; polyphenols; gallic acid; color-
acidity relation; free radicals

INTRODUCTION Various methods have been used to measure antioxidant
activity; the differences among these lie in (a) the nature of the
radical in the synthetic environment of the chemical test, (b)
the detection technique, (c) the standard molecule versus which
the result is expressed on a comparative scale. Commonly used
testing methods for antioxidant ability are the TEAC (trolox
equivalent antioxidant capacity) methotll] and the ORAC

" (oxygen radical absorbance capacity) methd?).(A method

has also been optimized to study clinical aspects related to low-
density lipoprotein oxidation in bloodLB8). Other methods are
pased orp-carotene/linoleic acidl@) and on linoleic acid5).

For wine and other beverages such as beer, EPR investigations
(16) and luminiscence assayq) have also been employed.
Furthermore, a method based on the oscillating reaction of
Briggs—Rauscher 18) has recently been proposed for mea-

Free radicals are naturally occurring species in living organ-
isms and can affect important biological and biochemical
functions such as immunity, inflammation, growth, and repair.
They can have negative effects in biological systems when they
damage proteins, lipids, and nucleic acids but are normally held
in balance by antioxidant defense mechanisms. However
environmental injuries, infection, chemical toxins, smoking,
radiation, and sunlight can promote further free-radical forma-
tion. Nutrition is recognized as fundamental for protection
against free radicals, because it can affect the redox status o
plasma, thus inhibiting those chemical processes leading to
degenerative diseaseg) (related to the oxidation of basic
molecules. Oxidation of lipids and other target molecules can
be reduced by the action of various molecules present in =" '= o i~ :
protective foodstuffs, such as tea, fruit juices, fresh vegetables, SUrNg the antioxidant ability of various moleculd$)and food
and wines. Phenolic compounds are the commonest phy-(20_22)'
tochemicals in both fruit and vegetables; they contribute greatly ~ Information related to the polyphenol equipment of red wines
to both chemical and sensorial characteristics and can act agvas obtained in this study through two types of chemical test.
exogenous antioxidant agents, protecting human health. TheFirst, the Briggs-Rauscher oscillating reaction was used to
present study investigated the overall antioxidant power of red measure the antioxidant ability of four homemade wines made
wines, which is known mainly to be related to their polyphenol from Italian grape varieties of two vintages, 1999 and 2000.

content @—7). No other beverage has attracted the attention of This method allows the antioxidant ability of a fluid to be
modern medicine like red wine: its preventive role against estimated in a free-radical-rich chemical environment created

coronary diseases has recently been demonstratetiy. using the hydroperoxyl radical HOOmimicking a condition
of oxidative cellular stress (hydrogen peroxide is a common
*To whom correspondence should be addressed. Telepho@8:011 and abundant precursor of free radicals). Each diluted red wine

670.76.16. Fax:+39 011 670.76.15. E-mail: enrico.prenesti@unito.it. was placed in such an environment to estimate its scavenger
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capability. When antioxidant free-radical scavengers are addedrable 1. Experimental Details of the Briggs—Rauscher (BR) Oscillating
to an oscillating Briggs Rauscher mixture, there is a break of Reaction?
the oscillating regime; the corresponding so-called “inhibition

time” varies linearly with the concentration of the antioxidant stock V/(mL) for - BRmixture

added reagent solution BR mixture initial composmon
Because measurement of antioxidant capability is linked to ~ starch 3%wh 1.00 0.1%

a kinetic response, we chose to monitor the reaction both 2dez'°n'zed and b'g’g%ﬁx’ater 13'80 -

pote_ntiometri_cally (platinum electrode) and by direct chrono-  aonic acid 03M 50 0.050 M

metric detection. The second method has been shown to be fast, 10;/H,504 0.2 M/0.077 M 10.0 0.0667 M/0.0266 M

reproducible, and accurate, and we believe it would be suitable Mn* 0.04M 2.00 0.002 67 M

for rapid screening. A reference scale based on the response of gallic acid/wine dilution 0.30 b

gallic acid, a molecule naturally present in red wines [as verified
by means of HPLC analysi23®)], was also produced, applying
the same experimental conditions as those employed for the
wines, so as to obtain a quantitative response based on a com
parison between the kinetic behavior of the standard molecule

and that of the wine under investigation. N X
The t t fficient of th timat fint ti oscillations appear as the sequence colores®llow — blue. Starting
€ temperature coefnicient of the estimator of INterest IS -, 5 freshly prepared BR mixture, at the second oscillation to blue,

negative 19); hence, the effect of temperature was studied to e giluted wine or gallic acid solution is added. The inhibition time

achieve an accurate investigation at 25 and@7physiological corresponds to the interval between the second and third blue oscillation

value). (chronometer measurement) or to the absence of oscillating regime of
The influence of aging of a wine on its overall antioxidant the potential (recorded potentiometrically with a Pt electrode).

power was also studied, because wines were available that were EXxperimental details are provided Trable 1

neither artificially stabilized nor fortified with antioxidant Finally, the pH of the BriggsRauscher test environment is very
compounds. acidic, which is compatible with the natural conditions of acidity of

. . . the product under examination.
Total polyphenols were determined using the Felliocalteu Kinetic Measurements. The kinetic response was monitored po-

method, and the correlation W'th, overall antioxidant capability tentiometrically (with a platinum electrode, see “Potentiometric Ap-
was examined. Other redox active substances, namely, sulfuraratus’) as well as by direct chronometric detection. A chronometer
dioxide and ascorbic acid, were quantified to extend the study. (Oregon Scientific, model SL888T) was used to record the kinetic trend,
Finally, many safety and health aspects of food are related with the agreement between potentiometric and chronometric measure-
to their measurable acitbase and redox properties. In a ments of inhibition time being found to be very close. Temperature
previous paper, we investigated the acimise status of red ~ control, at 25 or 37C, was achieved by means of circulation of water
wines @3), while their antioxidant ability is the subject of the around the reaction ves_sel,_from a thermo cryostat (model DI-G Haake).
present study, which also examined the link between-acid Each reactant was maintained at a controlled temperature before and
base and redox fields of reactivity. Because redox propertiesdurlng the experiment. Each measurement of inhibition time (both wine

inl lated to the bi ts. the total acidi t and reference standard molecule) was repeated at least 3 times using
are mainly related to the pigments, the total acidity parameter potentiometric and chronometric devices.

of each wine was estimated using a coupled pH-metric and " pgtentiometric Apparatus. The pH-metric measurements were
visible spectrophotometric measurement, plottikg versus carried out aff = 25 + 0.1 °C with a Metrohm 713 potentiometer

2Reagents are listed according to the order of addition. b See text for details
in the Overall Antioxidant Power at 25 and 37 °C: The Novel Briggs—Rauscher
Antioxidant Index (BRAI) paragraph.

added as a visual indicator for direct chronometric detection, because

Viitrant. equipped with a combined glass electrode (Metrohm model 6.0204.100).
The titrant was dispensed with a 765 Dosimat buret from Metrohm
MATERIALS AND METHODS (minimum volume deliverable of-0.001 cnd). The combined glass

electrode was calibrated log[H"] units (pH) employing alkalimetric

Chemicals. Folin—Ciocalteu reagent, ethanol, hydrogen peroxide titrations of hydrochloric acid with standard, carbonate-free potassium
(30%, w/w), malonic acid¥99%), and gallic acidX 98%) were from hydroxide at ionic strength = 0.05 M (KCI) with GHsOH at 12%
Fluka. Salts, KCI and KIg were from Merck, and MnSwas from level (see explanations in r2g). The alkalimetric titrations were carried
Carlo Erba. The analytical kit for the determination of ascorbic acid out in a stream of purified nitrogen gently bubbled in the titration cell
was from R-Biopharm. Starch was from AnalaR (BDH). Standard to avoid Q and CQ contamination. Temperature control was achieved
NaOH, KOH, and HCI solutions were prepared by diluting Fluka as described in the previous section. Each titration was repeated at least
concentrated products and standardized against potassium hydrogentwice.
phthalate (Fluka, puriss.) or sodium carbonate (Fluka, puriss.), respec- A combined platinum electrode [Metrohm model 6.0402.100 (LE)]
tively. lodide volumetric solution was prepared by diluting AnalaR was used to monitor potentiometrically the kinetic trend of the
(BDH) concentrated products. All solutions were prepared using grade oscillating reaction, together with a Metrohm automatic computer-
A glassware and deionized plus twice-distilled water. assisted potentiometric apparatus (Basic Titrino 794).

Sample StorageFour red wines produced in Piedmont (North-West Spectrophotometric Apparatus. The visible spectrophotometric
Italy) known as Grignolino and Barbera were studied. Two vintages determinations were carried out with a Jasco V-550-Wis double-
were considered for each wine, i.e., Grignolino 1999 and 2000 beam spectrophotometer (optical path length of 1.000 cm). As for the
(henceforth, G99 and GO00) and Barbera 1999 and 2000 (henceforth,coupled measurements with the alkalimetric titration of wines, the
B99 and B00). The wines were stored at room temperature in the dark examined solution [wine diluted in a 0.05 M (KCI) water/ethanol
and were subdivided into small glass bottles (250 mL capacity) to avoid solution] was transferred from the potentiometric to the optical cell

air contact and other contamination. using a peristaltic pump to record visible spectra as a function of the
The Briggs—Rauscher Reaction.The Briggs-Rauscher (hence- pH value of the solution, greatly reducing equilibrium inconveniences.
forth, BR) oscillating reaction1©) was employed to measure the overall Sulfur Dioxide Determination. Free (mainly as HS®) and

antioxidant ability of each red wine. The ioduration of the malonic combined (bisulfate adducts, Bertagnini reaction),St@d been
acid was conducted in the presence of hydrogen peroxide, as indicatedmeasured previoush2g) by titration with standard,lsolution on the
by Briggs and Rauscherl®). Hydrogen peroxide must always be distillate obtained for the volatile acidity determination.
maintained in excess, so that the inhibition time measured may be fully ~ Ascorbic Acid Determination. L-Ascorbic acid was determined by
ascribed to the wine added to the oscillating mixture. Starch paste is means of an enzymatic (enzyme: ascorbic oxidase) reactiofG37
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Table 2. Total Polyphenols Concentration and BRAI for Each Red for the calibration. The working curve was constructed at 752
Wine under Investigation nm, according to the position of the experimental maximum of
wine otal bolohenols? BRAL (25 °Cp BRAL (37 O absorbance recorded. The results are showreinle 2.
poypheno’s G (7°0) Overall Antioxidant Power at 25 and 37°C and the Novel
G99 185.3 9740 9942¢ Briggs—Rauscher Antioxidant Index (BRAI). The kinetic
GO0 2134 1121 9494 : D
B9 141.2 834 5885 trend (Pt electrode) of the BR reaction with inhibition because
BOO 1917 921 8928 of the different dilutions of the wine is shown kigure 1. The
inhibition times recorded from both potentiometric and chro-
a Concentration expressed as GAE per 100 mL of wine. ? Overall antioxidant nometric sources were found to be very close (generally
power (BRAI has been defined per 100 mL of wine). ¢Uncertainty on BRAI at 25 discrepancies were withirtl s). The uncertainty rate on
°C ranges between 10.7 and 12.6%. ¢Uncertainty on BRAI at 37 °C ranges replicates (at least three) of the inhibition time was about 3%
between 4.9 and 7.8%. as RSD%. If necessary, analysis time can thus be reduced by

. ) .. eliminating instrumental recording, using a simple chronometer,
pH 3.5) using a double-beam spectrophotometer (578 nm). A differential which Wag found to provide accSrate rgsults Eowever inStrU-
colorimetric measurement was made between a cuvette in which P ’ !

only the ascorbic acid is specifically oxidized by the ascorbic oxi- Mental detection can easily be used, if preferred, in particular
dase (the sample blank) and another cuvette in which all of the With & computer-assisted potentiometer that ensures automatic
substances of the sample able to be reduced are reduced thanks to MTTata acquisition.

[(3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide)] and The inhibition time was first measured on a standard molecule
PMS (5-methylphenazinium methosulfate). A commercial kit (see {5 construct a calibration curve. In this connection, gallic acid

Chemicals) was employed. was chosen as a standard phenolic substance (benzoic series)
Data Analysis and Calculations.Standard software was used to . . .
to obtain a reference scale and moreover to simplify a

perform the linear regression analysis of the experimental data and to . . -
locate the end point of the alkalimetric titrations. The nonlinear, least- Omparison with the total polyphenol content, expressed as units

squares computer program ESAB2I24J was used to evaluate the ~ Of GAE. The overall antioxidant power was then expressed by
purity of the reagents (starting from the acidase titration data) and ~ means of the novel BRAI per 100 mL of each wine at each
to refine all parameters related to the calibration of the electrode system.temperature. A wide range of gallic acid concentrations in the
BR mixture was examined: from 0.15 to 0.75 mg at°’25and
RESULTS from 0.25 to 4.50 mg at 37C. A volume of 0.30 mL of gallic

Sulfur Dioxide. The results obtained for free and combined @cid aqueous solution was added to the freshly prepared BR

sulfur dioxide are as follow. Free S@mg/L): G99, 4.4; GO0 mixture, starting with a stock solution of 20.0 mM and related
15.1: B99, 2.8; and B0, 5.4. Combined Sg/L): G99 159:  dilutions in calibrated flasks. The diagrafnin. versus mass-

GO0, 7.7: B99, 6.1: and B0O, 6.7. gallic acid (Milligrams of gallic acid added to the mixture) is shown
Ascorbic Acid. The results obtained for ascorbic acid are N Figure 2 at 25 and 37C. Two segments are easily located

(mg/L): G99, 5.0; GO0, 23.6; B99, 2.2; and B0O, 13.7. and can be modeled with a linear functidiable 3 gives details
Spectrophotometric Determinations of Total Polyphenols.  ©f the linear functions of gallic acid.

The total polyphenol content was determined by means of the An excellent linear trend was found for each diluted wine
Folin—Ciocalteu method25). Because dry wines containing under investigation at both 25 and 3Z (seeFigure 3); Table
very small amounts of SQwere tested, no correction factors 3 gives the straight-line parameters for each wine. The relation-
were usedZ5). The quantitative result is expressed using gallic ship was linear over the following dilution ranges (v/v): from
acid (gallic acid equivalent units, GAE) as the standard molecule 5:100 to 9:100 at 25C and from 1:10 to 3.5:10 at 37C. A

680
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Figure 1. Kinetic trend by potentiometric measurement (Pt electrode) of the BR reaction with two different dilutions of G99 (T = 25 °C): (a) 10:100 (v/v)
and (b) 14:100 (v/v). In the mixture, 0.30 mL of each dilution of wine was added. The inhibition time is clearly evidenced by the stop of the oscillating
regime of E (mV).
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Figure 2. Calibration curve (BR reaction) with standard gallic acid: diagram

tinhib. (S) VErsus masSgaiic acia (Mg) with linear fittings, at 25 °C [a and @,

calibration curves (a) and (b), see Table 3] and 37 °C [x and O, calibration curves (c) and (d), see Table 3]. A volume of 0.30 mL of gallic acid aqueous
solution was added to the BR mixture freshly prepared, starting by a stock solution of 20.0 mM and related dilutions in calibrated flasks.

Table 3. Equation Parameters of the Straight Lines Optimized for
Gallic Acid and Wines at 25 and 37 °C

T=25°C
slope (m) +s intercept (q) +s R
() 667.2 547 -13 113 0.9901
gallicacd ) 265.9 101 122.8 52 09964
G99 6496.0 235.0 -62.5 53 0.9987
G00 7481.8 200.7 -61.7 46 0.9993
B99 5565.9 141.1 -43.7 32 0.9993
B0O 6143.0 2737 -53.6 6.23  0.9980
T=37°C
slope (m) +s intercept (g) +s R
allic acid (c) 76.9 5.7 30.7 4.0 0.9945
g (d) 29.9 1.0 7.7 30 0.9983
G99 2972.8 47.6 -48.2 3.0 0.9997
G00 2838.7 128.5 —-48.4 8.9 0.9979
B99 1759.6 59.9 -36.3 5.0 0.9988
B0O 2669.6 106.3 -42.6 74 0.9984

@ Letters (a) and (b) are referred to Gallic acid at 25 °C, while letters (c) and
(d) are referred to gallic acid at 37 °C (see Figure 2).

volume of 0.30 mL of each diluted wine was added to the BR
mixture.

The BRAI is calculated as the ratio of the slopes of the ki-
netic straight-line equations obtained for each wine (slope
= tinhib/MLwine) and for the standard molecule (slope
tinhib/MGgaliic acid- 1O ensure compatibility of inhibition time

The relation between color and pH was investigated through
coupled pH-metric and photometric measurements. Each wine
was diluted 1:20 (v/v) to ensure the absence of precipitation
during alkalimetric titration and to provide reasonable absor-
bance values. Prior to titration, the visible absorption spectra
of each diluted wine sample was recorded to identify the best
wavelength to build the photometric titration diagram. Parts a
and b ofFigure 4 show visible absorption spectra with varying
pH values for diluted Barbera and Grignolino. Two absorption
maxima are present, at about 500 and 630 nm, in the visible
spectrum of each red wine, and thus, a choice is necessary. The
photometric/volumetric diagram obtained at 630 nm provides
less accurate results, probably because of the low absorbance
recorded in the first segment (acieineutral field). Hence, the
fixed-wavelength working diagram was constructed using the
absorbance at 500 nmd{yg). The natural color tends to be red-
purple for Barbera and to be red-brick for Grignolino. Chro-
mogens of the investigated red wines are strongly modified
during alkalimetric titration: a blue-green color is obtained
around the end point. Two colors were found to vary as a
function of pH, showing significant changes in absorption
features around the inflection point (pH 7.5) of the alkali-
metric titration.

DISCUSSION

Meaning of BRAI as a Function of the Temperature.The
inhibition time depends on the temperature: it is shorter at

amplitude between gallic acid and each of the wines, we usedhigher temperatures, in agreement with what was found by

the straight-line equations for gallic acid at 26 (a) and 37
°C (d) (seeFigure 2). The ratio of slopes thus obtained,
MQyalic acid MLwine, Was finally referred to 100 mL of wine, which
is the BRAI sought: “milligrams of gallic acid equivalent per
100 mL of wine”. The results are ifiable 2. Moreover, on the
basis of the standard deviatioit$) of the gallic acid and wine

Cervellati et al. 19, 26) for substances. The temperature here
was found to be of the utmost importance in regard to the overall
antioxidant power of red wine. To interpret the meaning of
BRAI, we initially considered that, if the temperature is constant,
the antioxidant power increases with increasing the index value.
In fact, the inhibition time increases with increasing amounts

slopes, we estimated the following mean uncertainty values for of gallic acid, as is clear ifrigure 2. Temperature variations

BRAI: 11.5% at 25°C and 6.7% at 37C.

Color—Acidity Relation and Photometric Estimation of
the Total Acidity. Polyphenols account for both the chromatic
and the redox properties of red wine. The color of red wine

were next considered: in terms of inhibition time, we recorded
a clear decrease in antioxidant activity with increasing temper-
ature, which is obviously due to the kinetic activity of the

radicals formed in the test environment, which is higher at 37

and that of other beverages such as tea depends on its pH valu€C. As a consequence, we found that the antioxidant activity



4224 J. Agric. Food Chem., Vol. 53, No. 10, 2005 Prenesti et al.

230 - e .
‘T = 37°C | LA
180 et
~ T =25°C RN e
<z Lt ‘e’
£ [ A
=~ ¢' " v’
130 A
’:'2. X
A X
80 ‘” .
X
30 T T T T T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11
Vwine (ml)

Figure 3. Kinetic test (BR reaction) of each wine [abscissa units of measurements indicate the real volume (mL) of each wine added]: diagram £y, (S)
versus Vyine (ML) with linear fittings, at 25 °C (a, G99; O, GOO; %, B99; O, B00) and 37 °C (a, G99; W, GOO; *, B99; @, B0O0).

decreased, because of the enhanced radical reactivity induceanulticomponent products cannot be excluded, leading us to a
by the higher temperature. With the lower antioxidant activity very complex situation.
at 37°C, more gallic acid than is needed at Z5must be used Aging and Overall Antioxidant Power. An attempt was
to stop the radical reactivity, under equal inhibition time made to establish the role of aging on overall antioxidant power
conditions. Thus, BRAF > BRAIzs in all cases, correctly  of genuine red wines: the older wines exhibited lower antioxi-
indicating (overall antioxidant power) < (overall antioxidant  dant ability. Natural precipitation and/or oxidation of polyphenol
power}s. The direct experimental evidence is cleaFigures substances tends to impoverish wine of its antioxidants. In light
2 and3, which give the straight lines of gallic acid and wines, of our findings, it appears clear that the antioxidant properties
respectively. Thanks to the use of a standard molecule, the novelof genuine red wines do not improve with aging. In this
index is independent of inhibition time, which is not the real connection, young red wines are probably much more efficient,
target of the experiment but only the quantity that is directly because the polyphenol concentration tends naturally to decrease
measurable. with aging, particularly in genuine wines not artificially
Polyphenols and Overall Antioxidant Power. The avail- stabilized such as those considered in this study.
ability of genuine homemade wines, even if there was only a  Link between Redox and Acid—Base Reactivity. Three
few types and vintages, was fundamental for this study, becauseproperties of red wine, namely, (i) the possibility of conserving
we could be certain that the products had neither been artificially them over time (long-lasting wines), (ii) their organoleptic
stabilized (with physical or chemical methods) to prevent characteristics (mainly taste and color), and (iii) their antioxidant
precipitation of tannins or inorganic salts nor supplemented with ability, are known to be linked with the total acidity of the
antioxidant compounds (natural or synthetic). Thus, only the product. The tests performed here enabled us to ascertain the
effects of natural redox-active substances have to be consideredmutual influence between acithase and redox reactivity in red
This enabled us to investigate the correlation between total wines. They show the importance of equilibrium chemistry
polyphenol concentration, overall antioxidant power, and aging principles in the description of both acithase 23) and the
of the wine, without interference from other species or treat- redox properties of red wines.
ments (inhibitors of precipitation, etc.). We found that the photometric trend with varying pH,
As shown inTable 2, the higher the polyphenol content, the recorded during the alkalimetric titration of diluted red wines,
higher the antioxidant activity and vice versa. Nevertheless, can be used to estimate total acidiyj by means of a diagram
comparing G99 with B0OO, we found an inversion: higher like that in Figure 5. A comparison with the data obtained
activity did not correspond to higher phenolic content. Even if starting from pH-metric or conductometric titratio23 is
the gap was very small and not too different from the overall displayed inTable 4. The agreement is fairly satisfactory,
experimental uncertainty, it would appear to be better to avoid because the largest discrepancy observed in B99 was 3%,
comparing activities of fluids produced from plants of different assuming as a reference the pH-metric equivalent vol@¥e (
genetic origins, because these are natural products with complexGrignolino produced the most accurate result. A reasonable
mixtures of phenolic molecules whose individual effects are comparison requires one also to consider that (a) the chemical
mostly unknown. Furthermore, the possibility of some contribu- equilibrium tends to be slow around and after the end point
tion from other redox-active substances, even if present in very (pH ~ 7.5), (b) oxidation of polyphenols in the basic field may
low concentrations, must be taken into account. On the other cause inaccuracy in the measurements (i.e., oxidized molecules
hand, to strengthen previous comments, significantly different provide new color but overlapped aeilase and redox pro-
behaviors were found by Cervellati et al9 in their study of cesses hinder rapid achievement of equilibrium during titration),
various antioxidant substances, in which they found wide and (c) the circulation from potentiometric to optical cell might
variability. Moreover, antagonistic or synergic effects on real introduce a further small amount of noise, in particular on slow
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Figure 4. Visible absorption spectra of two diluted [1:20 (v/v)] red wines. (a) Barbera 2000. a, pH 3.69; b, pH 5.14; c, pH 6.67; d, pH 8.04; e, pH 8.56;
f, pH 8.68; g, pH 9.13; h, pH 9.36. (b) Grignolino 2000. a, pH 3.83; b, pH 5.91; ¢, pH 7.67; d, pH 8.03; e, pH 8.32; f, pH 8.73; g, pH 9.08.
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Figure 5. Estimation of the total acidity. Plot Asy versus Viwan: photometric detection during the alkalimetric titration (titrant, 0.2 M KOH) of BOO [diluted
1:20 (vv)]. Linear fittings: (a) y = —0.0272x + 0.1653 (R = 0.9919), and (b) y = 0.958x — 0.4908 (R = 0.9950).

equilibria. We believe further studies on single pigments are  What we believe significant is the quantitative relation found
necessary to interpret our results, in combination with reports between wine color and pH and the estimation of total acidity
already presented in the literatur2g). via coupled pH-metric/photometric titrations. This shows that
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Table 4. Total Acidity Evaluation in Red Wine by pH-metric (pH
versus Viany), Conductometric (Conductivity versus Viant), Or
Photometric (Asgo versus Viyan) Detection?

Vep? 1 M KOH (mL)

percent pH-metric  conductometric ~ photometric
wine  volume  pHep®  detection? detection? detection®’
G99 12.2 3.38 1.07s 1.100 1.064
G00 115 3.40 1.17, 1.155 1.164
B99 12.0 3.07 1.75¢ 1.76¢ 1.81,
B0O 12.0 341 1.63; 1.69 1.664

2 Alcoholic grade and pH of each wine are also reported from ref. 23. e.p. =
equivalent point. ¢exp. = experimental. ¢ Reference 23. € Referred to 1 M KOH
[0.2 M KOH used for photometric determination on 1:20 (v/v) dilution]. f This paper.

(a) acid-base (mainly because of carboxylic fraction) and redox
(mainly because of polyphenol fraction) reactivity are not
independent, (b) there is an active and mutual influence of
acidity on the polyphenol equipment and, as a consequence, on
the overall antioxidant power. The protective role of acidity on
the polyphenol molecules is thus confirmed.

On the other hand, we do not propose a photometric-based
analytical method to quantify total acidity; rather, it was our
intention to investigate the overlap between adidse and redox
chemistry of red wines. Nevertheless, the indirect and reliable
estimation of total acidity based on the dependence of color on
pH (Figure 5) provided a linkage between aeitbase and redox-
based properties of red wine.

Finally, color was employed as a discriminating factor among
red wines from different grape varieties by means of a specific
chemometric analysi20).

Conclusive Remarks. As a significant although slightly
discouraging conclusion, if compared to usual clinical practice,
we observe that, during diseases with fever, the physiological
ability to scavenge free radicals (abundantly produced by
biochemical detoxification processes) is lowered, owing to the
negative temperature coefficient (time/temperature curve). Hence,
any specific therapy in the presence of fever must always be
fortified with strong doses of nutritional supplements containing
a blend of antioxidants (of both the hydrosoluble and liposoluble
type) to supply the organism with important aid against
molecular damage (the start of degenerative pathologies) and
to speed up the recovery time.

The concentration (analytical aspect) as well as the activity
(kinetic aspect) of specific substances of a food may be of great
meaning in determining its protective capability against oxida-
tive stress, also bearing in mind the important role of significant
variables such as pH, titratable acidity, and temperature. New
or additional findings concerning the compositigoroperty
relationship in food and dietary supplements should be of great
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interest to prevent diseases (cardio- and cerebrovascular diseases{19) Cervellati, R.; Honer, K.; Furrow, S. D.; Neddens, C.; Costa, S.

senescence, cancer, etc.) by means of nutritional intervention
alone. The close dependence of antioxidant power on temper-
ature might determine a new trend in clinical chemistry
evaluation of the redox status of plasma or other biological
fluids.
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