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ABSTRACT

We have recently proposed that ORAC (Oxygen Radical Absorbance Capacity) methods employing fluorescein (ORAC-FL) and pyrogallol red (ORAC-
PGR) as target molecules could be considered as complementary indexes. In particular, the ratio ORAC-PGR/ORAC-FL would reflect the average quality of the 
antioxidants present in a particular sample. In the present work, we evaluated the antioxidant capacity and the total phenol content of twelve Chilean wines (red, 
rose, and white) employing ORAC and Folin-Ciocalteau methods, respectively. Red wines showed higher Folin and ORAC values than rose and white wines. 
However, the ORAC-PGR/ORAC-FL ratio of all tested wines was close to 0.5. The results show that it is important to consider both, the phenol content of the 
sample (measured by ORAC-FL or Folin indexes) and their average reactivity (measured by the ORAC-PGR/ORAC-FL ratio). Both factors are considered 
relevant in the evaluation of the antioxidant capacity of wines. 
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1. INTRODUCTION

It is recognized that a moderate consumption of beverages with high 
content of polyphenols, such as wines, reduces the incidence of coronary heart 
diseases (CHD), atherosclerosis and platelet aggregation.1-3 These associations 
have been, at least partially, explained by the ability of polyphenols to react with 
reactive oxygen species (ROS).4-6 These evidences have lead to evaluate the in 
vitro antioxidant capacity of wines using  methodologies that involve different 
concepts and experimental conditions.7-10 Among the employed assays, ORAC 
(Oxygen Radical Absorbance Capacity) is one of the most used methods. This 
assay evaluates the capacity of antioxidants (or their complex mixtures) to 
inhibit the bleaching of a target molecule (probe) induced by peroxyl radicals. 
ORAC assay originally used phycoerythrin as probe.11 However, at present, 
fluorescein (FL) is the target molecule of choice (ORAC-FL).12,13 Usually, 
Trolox and 2,2’-Azo-bis(2-amidinopropane) dihydrochloride (AAPH) are 
employed as reference antioxidant and peroxyl radical source, respectively.14

The consumption of FL is commonly inhibited, even by antioxidants of 
low reactivity, throughout kinetic profiles characterized by the presence of 
induction times.15,16 Therefore, ORAC-FL values would be more influenced by 
the stoichiometry of the reaction (defined as the number of radicals that each 
additive molecule can remove) than by the reactivity of the additives. Based 
on these observations, we have proposed the use of pyrogallol red (PGR) as 
probe in an ORAC-like methodology (ORAC-PGR). The consumption of PGR 
is inhibited by reactive antioxidants without generating induction times.15,17 
In particular, among all tested antioxidants, only ascorbic acid protected 
PGR through a clear induction time.18,19 The absence of induction times 
in the protective kinetic profiles of PGR would imply that the ORAC-PGR 
index is more related to the reactivity of the antioxidants than to stoichimetric 
factors. Taking into account the characteristics of ORAC-FL and ORAC-PGR 
assays, we have recently proposed that both methods could be considered as 
rendering complementary indexes.20 Thus, the ORAC-PGR/ORAC-FL ratio 
would reflect the quality of the antioxidants present in a particular sample.20 
We have reported that the ORAC-PGR/ORAC-FL ratio of green tea is almost 
7.5 times higher than that of Haploppapus baylahuen, implying that green tea 
contains antioxidants of better quality than the compounds contained in the 
Hapoplappus baylahuen infusion.20 A similar approach has been used by Niki 
and co-workers, using PGR and Pyranine as target molecules to estimate the 
antioxidant capacity of beverages and foods.21-23 

In the present work, we evaluated the antioxidant capacity and the total 
phenol content of twelve Chilean wines (red, rose, and white wines) employing 
ORAC and Folin-Ciocalteau methods. In particular, the experiments were 
focused to estimate the antioxidant quality of the samples by the ORAC-PGR/

ORAC-FL ratio. Red wines showed higher ORAC values than rose and white 
wines. However, all tested wines gave similar ORAC-PGR/ORAC-FL ratios. 

2. EXPERIMENTAL

2.1 Chemicals
2,2’-Azo-bis(2-amidinopropane) dihydrochloride (AAPH), was used 

as peroxyl radical source. Pyrogallol red (PGR), Trolox (6-hydroxy-2,5,8-
tetramethylchroman-2-carboxylic acid), fluorescein disodium salt (FL), and 
AAPH, were purchased from Sigma-Aldrich (St. Louis, MO). Folin-Ciocalteau 
reactive and sodium carbonate were supplied by Merck (Darmstadt, Germany).  
Wine samples were obtained from local markets. The year of the harvest and 
denomination of origin (d.o.) were:

Red wines:
Cabernet Sauvignon-1: 2006, d.o. valle de Casablanca.
Cabernet Sauvignon-2: 2005, d.o. valle Central.
Cabernet Sauvignon-3: 2005, d.o. valle Central.
Carmenere: 2004, d.o. valle Central.
Merlot: 2006, d.o. valle Central. 
Syrah: 2005, d.o. valle del Limarí.
Rose wines:
Rose-1: 2006, d.o. valle de Colchagua.
Rose-2: 2007, d.o. valle Central.  
White wines:
Chardonnay-1: 2004, d.o. valle de Casablanca.
Chardonnay-2: 2004, d.o. valle de Casablanca.
Chardonnay-3: 2003, d.o. valle de Casablanca.
Late harvest: 2006, d.o. valle de Colchagua.

2.2 Total phenolics
Total phenol content of wines was determined according to the Folin–

Ciocalteau colorimetric method,24 using Trolox as standard. Appropriate 
dilutions of the samples (1 mL) were added to 0.2 N Folin-Ciocalteau reagent 
(5 mL). After 5 min incubation, 4 mL of sodium carbonate (75 g/L) were 
added. The solutions were incubated for 2 hours at room temperature and the 
absorbance intensity (at 740 nm) was measured using a Hewlett Packard 8453 
spectrophotometer. Quantification was carried out on the basis of the standard 
curve of Trolox, and the results were expressed as Trolox equivalents (mM). 

2.3 ORAC determinations 
ORAC values of wines were estimated according to previous works.15,17,19 

Briefly, a solution containing PGR (5 µM) or FL (70 nM), AAPH (10 mM) 

e-mail: clopezr@uc.cl



J. Chil. Chem. Soc., 56, Nº 3 (2011)

765

with or without the wine sample was incubated at 37ºC in phosphate buffer 75 
mM, pH 7.4. PGR consumption was evaluated from its absorption intensity 
(A) decrease at 540 nm, while FL consumption was evaluated from its 
decrease in the fluorescence intensity (F, excitation: 493 nm; emission: 515 
nm). UV-visible experiments were carried out in a Hewlett Packard 8453 (Palo 
Alto, CA, USA) or an Unicam Helios-a (Cambridge, England) UV-visible 
spectrophotometer. The fluorescence of FL was evaluated employing a Perkin 
Elmer LS-55 spectrofluorimeter (Beaconsfield, U.K). Control solutions (in the 
absence of wines, A0 or F0) showed a fast consumption of the probes (before 
20 minutes). Values of (A/A0) or (F/F0) were plotted as a function of time. 
Integration of the area under the curve (AUC) was performed up to a time such 
that (F/F0) or (A/A0) reached a value of 0.2. These areas were employed to 
obtain ORAC values, according to Equation [1]. All experiments were carried 
out in triplicate. 

Where: 
AUC = Area under curve in the presence of the tested wine sample, 

integrated between time zero and that corresponding to 80 % of the probe 
consumption;

AUCº = Area under curve of control (PGR or FL plus AAPH solution).
AUCTrolox = Area under curve in the presence of Trolox.
f = Dilution factor, equal to the ratio between the total volume of the 

working solution (target molecule plus AAPH, plus wine sample) and the 
added wine sample volume.

[Trolox] = Trolox milimolar concentration.

3. RESULTS AND DISCUSSION

Recently we have proposed that the ratio between ORAC-PGR and 
ORAC-FL could be considered as a useful index to estimate the quality of 
the antioxidants contained in a complex mixture.20 A high value of the ratio 
would imply that a high proportion of the antioxidants contained in a particular 
sample are able to efficiently protect PGR. From this assumption, we have 
estimated the antioxidant capacity of different complex mixtures such as tea 
and herbal infusions.20 The ORAC-PGR/ORAC-FL ratio of tea infusions was 
near 5 times higher than that of herbal infusions.20 These results were ascribed 
to differences in the quality of the antioxidants present in tea and herbal 
infusions. Interestingly, the difference of the ORAC ratio was similar to the 
observed difference in ORAC-PGR values. In fact, ORAC-PGR values of tea 
infusions were 7.4 times higher than those of herbal infusions. 

3.1 Phenol content and antioxidant capacity of Chilean wines
We estimated, employing ORAC-PGR and ORAC-FL methods (and also 

their ratio), the antioxidant capacity of Chilean wines. In addition, the total 
phenol content of the samples was estimated by the Folin Ciocalteau assay. As 
shown in Table 1, the mean of the Folin values of red, rose, and white wines 
was 4.5, 0.9, and 0,6 mM Trolox equivalents, respectively. These results imply 
that the concentration of polyphenols in red wines was 5, and 7.5 times higher 
than that of rose and white wines, respectively. These data are in agreement 
with previous reports that have shown a higher phenol content in red wines 
than in rose and white wines.25-27

ORAC-FL values of the tested wines were estimated from the area 
under the curve of kinetic profiles associated to the inhibition by wines of the 
consumption of FL induced by peroxyl radicals. Typical results are shown 
in Figure 1. As was expected, the kinetic profiles were characterized by the 
presence of neat induction times. As it is shown in Table 1, the mean of ORAC-
FL values changed from 46 to 5.0 for red and white wines, respectively. These 
values appear to be close to 10 times higher than Folin values, a difference that 
could be explained by different stoichiometry of the reaction of polyphenols 
with Folin reagent and their reaction with AAPH derived peroxyl radicals. 
Interestingly, as obtained for the total phenol content, red wines showed ORAC-
FL values 5.1 and 9.2 times higher than rose and white wines, respectively. 

All tested wines inhibited the consumption of PGR mediated by peroxyl 
radicals. As shown in Figure 2 (where is presented a typical kinetic profile), 
the protective effect on PGR consumption given by wines was evidenced 

by kinetic profiles characterized by the absence of induction times. Table 1 
shows the ORAC-PGR values of the wines. These data show that all ORAC-
PGR values are lower than ORAC-FL. This result could be explained if it is 
considered that only a fraction of the phenols contained in wines was able to 
protect PGR. ORAC-PGR values of red wines were 5.2 and 7.9 higher than 
those of rose and white wines, respectively. These relations are very similar to 
those obtained from ORAC-FL data. 

Figure 1: Kinetic profiles of FL consumption mediated by AAPH derived 
peroxyl radicals in the absence (˜) and presence of a red wine (˜). FL (70 nM) 
was incubated in presence of AAPH (10 mM) and a Syrah wine (0.03 µL/mL) 
in phosphate buffer (75 mM, pH 7.4) at 37ºC.

Table 1

Folina ORAC-
FLa,b

ORAC-
PGRa,b

ORAC-
PGR/ 

ORAC-FL

Red wines
Cabernet Sauvignon-1 4.7 ± 0.1 44 ± 3 31 ± 3 0.7
Cabernet Sauvignon-2  4.6 ± 0.1 56 ± 1 25 ± 1 0.5
Cabernet Sauvignon-3 5.9 ± 0.2 45 ± 7 19 ± 1 0.4
Carmenere 4.2 ± 0.1 49 ± 9 25 ± 2 0.5
Merlot 3.6 ± 0.1 38 ± 4 18 ± 1 0.5
Syrah 4.1 ± 0.2 44 ± 8 20 ± 2 0.5
Mean 4.5 ± 0.1 46 ± 6 23 ± 2 0.5
Rose wines
Rose-1 0.8 ± 0.1 9.5 ± 1.3 4.0 ± 0.1 0.4
Rose-2 0.9 ± 0.2 8.5 ± 0.7 4.7 ± 0.3 0.6
Mean 0.9 ± 0.2 9.0 ± 1.0 4.4 ± 0.3 0.5
White wines
Chardonnay-1 0.6 ± 0.2 5.0 ± 0.5 3.3 ± 0.2 0.7
Chardonnay-2 0.5 ± 0.1 4.5 ± 0.4 2.3 ± 0.1 0.5
Chardonnay-3 0.6 ± 0.2 6.1 ± 0.3 2.7 ± 0.1 0.4
Late harvest 0.6 ± 0.1 4.4 ± 0.5 3.3 ± 0.4 0.8
Mean 0.6 ± 0.2 5.0 ± 0.5 2.9 ± 0.3 0.6

Total phenolic content, ORAC-pyrogallol red (ORAC-PGR), ORAC-
fluorescein (ORAC-FL) values and ORAC-PGR/ORAC-Fl ratio of chilean 
wines.

a Values are expressed as mM Trolox equivalents.
b Evaluated as described in experimental section. Values (n=3) represent 

the concentration (mM) of a Trolox solution that produces the same effect that 
the tested wine. 
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Figure 2: Kinetic profiles of PGR consumption mediated by AAPH 
derived peroxyl radicals in the absence (˜) and presence of a red wine (˜). 
PGR (5 µM) was incubated in presence of AAPH (10 mM) and a red cabernet 
sauvignon wine (0.5 µL/mL) in phosphate buffer (75 mM, pH 7.4) at 37ºC.

Table 2
ORAC-PGR/ORAC-FL

Tea infusionsa

Black tea-1 0.10
Black tea-2 0.14
Green tea 0.15
White tea 0.17
Mean 0.14
Herbal infusions
Chenopodium ambrosioides 0.008a

Buddleia globosa 0.011a

Erythroxylum coca 0.012b

Aloysia citriodora 0.021b (0.011a )
Matricaria chamomilla 0.021a

Peumus boldus 0.019a

Haplopappus baylahuen 0.020a

Mentha piperita 0.025b

Plantago major 0.045b

Tilia spp 0.055b

Rosa moschata 0.10b

Mean 0.029
Berry extractsc

Blueberry 0.24
Blackberry 0.38
Raspberry 0.50
Mean 0.37

ORAC-PGR/ORAC-FL ratio of berry extracts, teas and herbal infusions. 
Data taken from: aref.17 bref.20; c ref.19

3.2 Use of the ORAC-PGR/ORAC-FL ratio to assess antioxidant 
quality of Chilean wines. 

The data presented in Figures 1 and 2, and Table 1 show that, as expected, 
the use of different target molecules generated different kinetic profiles 
associated to the inhibition of their consumption by wines. From the area under 
the curve of the kinetic profiles, different ORAC values were obtained when FL 
and PGR were used as probes. Systematically ORAC-PGR values were close 

to one half ORAC-FL values, leading to similar ORAC-PGR/ORAC-FL ratios. 
In fact, ORAC-PGR/ORAC-FL ratios (mean) for red, rose, and white wines of 
0.5, 0.5, and 0.6, were estimated, respectively. These results would imply that all 
tested wines contain antioxidants of similar quality, and are in agreement to the 
antioxidant capacity of wines estimated by TRAP (Total Radical Antioxidant 
Potential) and TAR (Total Antioxidant Reactivity) methodologies.28,7 TRAP 
assay computes stoichiometric factors, while the TAR index is related to the 
reactivity of the antioxidants towards peroxyl radicals.28,7 In fact, the TAR/
TRAP ratio (proposed as a measured of the antioxidant quality) of red and 
white wines were 0.5 and 0.6, respectively.7 The similarity in TAR/TRAP and 
ORAC-PGR/ORAC-FL values support the proposal that both ratios evaluate 
the mean reactivity of the antioxidants present in the samples. 

In comparison with others rich polyphenolic samples, the ORAC-PGR/
ORAC-FL ratio of wines was 3.8 and 18.3 times higher than the mean value 
of tea and herbal infusions, respectively (Table 2).20 In addition, ORAC-PGR/
ORAC-FL ratio of wines was similar to that of raspberry extracts, but was 
2.0 times higher than that of blueberry fruits extract (Table 2).19 This could 
indicate that, in average, the reactivity of the phenols present in wines are more 
efficient than the present in others beverages that are also rich in antioxidants.

4. CONCLUSIONS

The data presented in this work, and their comparison with previous reports, 
clearly show that the ORAC-PGR/ORAC-FL ratio could be considered as a 
useful tool to estimate the antioxidant quality of a particular sample. The fact 
that similar ORAC-PGR/ORAC-FL ratios were obtained for all tested wines 
implies a similar antioxidant quality of these samples. As consequence, the 
differences in the antioxidant capacity of red, rose and white wines (estimated 
by ORAC-PGR or ORAC-FL) can be explained by their different antioxidant 
concentrations. For this reason, for a better knowledge of the antioxidant 
parameters of a sample it is important to consider both, the phenol content 
of the sample (measured by ORAC-FL or Folin indexes) and the average 
reactivity (measured by the ORAC-PGR/ORAC-FL ratio). Both indexes are 
relevant in the evaluation of the antioxidant capacity of wines. 
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