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ABSTRACT

The total number of phenolic HO groups in a mixture and their average reactivity are fundamental parameters in the evaluation of the capacity of the sample 
to remove potentially damaging free radicals. The total number of phenolic groups is generally determined by Folin`s method and several competitive experiments 
have been proposed to estimate the reactivity of the sample. Among those stand the Oxygen Radical Absorbance Capacity (ORAC) methodologies. However, when 
fluorescein is employed as target molecule (ORAC-FL methodology) the index is more related to the number of phenolic groups than to their average reactivity. In 
the present work it is shown that both indexes correlate with the number of phenolic groups in pure compounds and with the total number of reactive OH groups 
in complex mixtures (beverages, infusions, fruits and vegetables). This leads to a fair correlation between Folin’s and ORAC-FL indexes in these samples.
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1. INTRODUCTION

The amount of phenol groups present in an infusion1, beverage 2, juice, 
fruit 3 or vegetable 4 is a relevant parameter, mainly due to their radical trapping 
capacity 5. There are a large number of methodologies aimed to the evaluation 
of the total antioxidant capacity of these mixtures 6. However, different 
procedures, and sometimes the same technique employing different target 
molecules, render different results 7. This is due to the fact that procedures 
evaluating total antioxidant capacities provide indexes that are determined by 
the amount of antioxidants 8, their reactivity 9, and the secondary reactions 
of the radicals derived from the additives and/or the target molecule 10,11. 
Comparison of different indexes can provide information regarding the amount 
and/or reactivity of the phenolic HO groups present in the considered mixture1. 
In order to have an estimate of the quality of the antioxidants present in a 
sample in which it is tested its antioxidant capacity, it is important to have an 
independent evaluation of the amount of phenol groups present in the sample. 
This evaluation is generally carried out by titration of phenolic moieties with 
Folin’s reactant 11-14. This is a robust test since gallic acid added to wine is 
recovered quantitatively 15, and the absorbance produced by a mixture of 
natural phenols of different classes is equivalent to the sum of their individual 
contributions 16. Unfortunately, there are very few works aimed to establish the 
capacity of this procedure to titrate all phenol groups present in a polyphenol 
or in a complex mixture of compounds. In particular, there are few studies 
devoted to establish the relationship between the number of phenolic HO 
groups in a compound and its response to the Folin’s assay. Ma and Cheung 
related the differences observed to changes in the absorption coefficient 
of the phosphotungstates-phosphomolybdates complexes12, concluding 
that substituted methoxyl groups could improve the response of a phenol 
group towards Folin’s reactant. Furthermore, they state that the degree of 
hydroxylation correlates well with the molar absorbance determined by Folin’s 
method. However, Singleton et al.17 concluded that not all phenolic HO groups 
are titrable and that extra phenolic groups can be generated during the sample 
treatment. Furthermore, the molar absorptivity per reactive group could depend 
upon the phenol structure, changing by nearly a two factor.

In the present work we compare the Folin’s index obtained for a large 
number of compounds bearing from one to six phenolic HO groups and test 
the possibility that evaluation of the ORAC index employing fluorescein as 
target molecule could provide an alternative (or complementary) methodology 
to estimate the amount of reactive centers in polyphenols and their complex 
mixtures. In previous publications, we have shown that protection of fluorescein 
damage by peroxyl radicals is characterized by clear induction times 7-9. An 
open question is whether lag phase measurements directly reflects the quantity 
of reactive phenolic groups 18,19. This type of correlation has been reported 
for flavones and flavanones employing β-PE as target molecule, compound 
prone to give clear induction times in ORAC methodologies 13. Furthermore, 

it is remarkable that, even in complex mixtures, there are a fair correlations 
between total phenols (evaluated by Folin’s) and ORAC values obtained 
employing fluorescein (ORAC-FL) as target molecule 1,20,21.

2. EXPERIMENTAL

2.1 Evaluation of total phenolic HO groups by Folin’s method.

Total phenols content in pure compounds and their complex mixtures were 
determined by the Folin-Ciocalteau colorimetric method .1 Brieflyl, appropriate 
dilutions of the samples were added to 0.2 N Folin-Ciocalteau reagent (Merck 
Darmstadt, Germany) and, after 5 minutes, sodium carbonate (75 g/L) was 
added. The reaction mixture was incubated for two hours at room temperature 
and the absorbance of the resulting blue coloured complex was measured at 740 
nm. Measurements were carried out in a UV-160 Shimatzu spectrophotometer. 
Trolox was employed as standard phenolic compound and the results expressed 
in mM equivalents.

2.2 Evaluation of antioxidants by ORAC-Fluorescein method.

The consumption of fluorescein resulting from its incubation in presence of 
2,2’-azo-bis(2-amidinopropane)dihydrochloride (AAPH) was estimated from 
fluorescence (F) measurements.1 Values of  F/Fº were plotted as a function of 
time and the area under the curve (AUC) was obtained by graphical integration. 
Comparison of the area under the curve for the sample and that of a standard 
Trolox solution allows an estimation of the ORAC of the sample in Trolox mili 
equivalents according to

ORAC = {(AUC-AUCº) / (AUCTrolox – AUCº)} (Trolox)/ (Additive)      (1)

for the pure compounds, and

ORAC = {(AUC-AUCº) / (AUCTrolox – AUCº)} (Trolox) f                                 (2)

Were f is the dilution factor, for the complex mixtures. 

3. RESULTS AND DISCUSSION

3.1 Pure Compounds
3.1.1. Number of phenolic HO groups in the molecule and Folin’s 

index.
Folin values obtained for different phenols are compiled in Figure 1.
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Figure 1.  Folin’s values for pure compounds, expressed in Trolox 
equivalents, plotted as a function of the number of phenolyc OH groups. Data 
reported in Refs. 4, 23, 14, 25, and in the present work.

These data have been collected from different sources, a fact that could 
contribute to the observed dispersion of the values. When more than a value 
has been reported the average value is considered. These data show that a 
significant correlation is observed between the number of phenolic HO groups 
in the molecule, and the absorbance of the complex produced in the Folin’s 
methodology. The statistics of the correlation is given in Table 1.

Table 1. Summary of the statistical relationship between number of 
phenolic HO groups in pure compounds, Folin’s index and ORAC-FL values 
(expressed in Trolox equivalents).

Correlation Na Bb Rc pd

Folin index vs Nº of HO 58 1.18 0.73 < 0.0001

ORAC-FL vs Nº of HO 24 1.36 0.62 0.001

ORAC-FL vs Folin index 18 1.5 0.56 0.014

(a) Number of compounds included
(b) Slope of the linear relationship
(c) Correlation coefficient
(d) Correlation probability

The average value of the Folin Index/number of phenolic HO groups is 
1.18,  with values ranging from 0.5 (naringine) up to 2.2 (ellagic acid).

3.1.2   Number of phenolic HO groups in the molecule and ORAC-FL 
values.   

Figure 2 shows ORAC-FL indexes for a variety of phenols and polyphenols 
plotted as a function of the number of reactive centres in the corresponding 
compound .

The data given in figure show a moderate correlation (R = 0.62) with 
a positive slope (B = 1.36) and a significant p value (p = 0.001). The range 
of values of the ORAC-Fl ratio is from 0.33 (gallic acid) to 3.6 (apigenin). 
The results are summarized in Table 1. These results would indicate that the 
ORAC-FL value of a given compound is mostly determined by the number of 
reactive groups and the stoichiometry of the process.  The low values given 
for some compounds, in particular those bearing a large number of potentially 
reactive groups,  can be due to the presence of unreactive groups and/or to 
the occurrence of short chains when the primary radicals are prone to give 
quinones by reactions of the semi-quinone radicals with oxygen.

Figure 2.  ORAC-FL values for pure compounds, expressed in Trolox 
equivalents, plotted as a function of the numbers of phenolyc OH groups. Data 
reported in Refs.24, 25, 26, and obtained in the present work.

3.1.3. Correlation between ORAC-FL and F-C indexes.

The correlation between ORAC-FL values and Folin’s index for individual 
compounds is shown in Figure 3 and the derived statistical parameters included 
in Table 1.

Figure 3. ORAC-FL values for pure compounds plotted as a function of 
the Folin’s index of the corresponding compound.

These data show a fair correlationship between both indexes and the 
average value of the ORAC-Fl/Folin index ratio is ca. 1.5. The actual values of 
this ratio range from. 0.3 (gallic acid) to 3.3 (apigenin).  The positive correlation 
between both indexes values confirms the relevance of stoichiometric factors 
on ORAC-FL values. A remarkable aspect of the data collected in Table 1 is the 
fact the slopes of the plots, represented by the parameter B, are rather similar 
and close to one. This again emphasizes the dominant role of stoichiometric 
factors in the ORAC-FL assay.

However, it is interesting to note that the correlation between both indexes 
is smaller than those derived from the plots shown in Figs. 1 and 2. This would 
indicate that compounds with particularly large (or small) values of ORAC-FL 
not necessarily present similar peculiar values for the Folin index.

The data of Table 1 indicate that the best correlation with the number of 
phenolic HO groups is that of Folin`s values, suggesting other factors, such 
as the compound reactivity and/or the secondary reactions of the phenol, 
contributes to the ORAC-Fl value.
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3.2. Complex mixtures

In complex mixtures comprising different phenolic HO groups bearing 
compounds it could be expected a positive correlation between ORAC-Fl and 
Folin’s indexes. Furthermore the slope of ORAC-FL vs Folin plots must lay 
between 0.33 to 3.3, values that cover all the range for the single compounds. 
This type of plot is shown in Figure 4 for a series of herbal infusion, including 
teas 1, and Chilean wines 9.

iv) The oxidation potential of the antioxidant determines the shape of the 
Fl consumption lag phase and, hence, the ORAC value. Bisby et al. have shown 
that the lag phase becomes less marked with increasing oxidation potential of 
the antioxidant, rendering low ORAC-FL values11. 

The contribution of all these factors would explain the rather low 
correlation between ORAC-FL and Folin indexes observed in Figures 2 and 
3 and Table 3. Furthermore, Fig. 1 and Table 3 show that some dispersion 
of the data takes place also for the Folin index, although the correlation with 
the number of phenolic HO groups is better than that derived from ORAC-FL 
values.

A remarkable conclusion from this Table is that the correlation between 
ORAC and Folin’s indexes is considerably better in complex mixtures than 
when individual antioxidants are considered. This is an expected result if it is 
considered that any complex sample comprises several antioxidants combining 
compounds of high and low ORAC responses, making unlikely extreme values, 
as observed when individual compounds are considered.

4. CONCLUSIONS

In pure compounds, both Folin’s and ORAC-FL indexes correlate with the 
number of phenolic HO groups in the molecule considered. This correlation 
also holds for complex mixtures, where there exists a fear correlation between 
the values of both indexes. This implies that ORAC-FL values are mostly 
determined by the total number of phenolic HO groups in the sample.
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