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Abstract  

A new flow-injection analytical procedure is proposed for 

the determination of the total amount of polyphenols in 
wines; the method is based on the forma- tion of a 
colored complex between 4-aminoantipyrine and 

phenols, in the presence of an oxidizing reagent. The oxi- 
dizing agents hexacyanoferrate(III), peroxodisulfate, and 
tetroxoiodate(VII) were tested. 

Batch trials were first performed to select appropriate 
oxidizing agents, pH, and concentration ratios of reagents, 
on the basis of their effect on the stability of the colored 

complex. Conditions selected as a result of these trials 
were implemented in a flow-injection analytical system in 
which the influence of injection volume, flow rate, and re- 
action-coil length, was evaluated. Under the optimum con- 
ditions the total amount of polyphenols, expressed as gallic 
acid, could be determined within a concentration range of 

36 to 544 mg L–1, and with a sensitivity of 344 L mol–1 cm–1 

and an RSD <1.1%. The reproducibility of analytical 
readings was indicative of standard deviations <2%. Inter- 
ference from sugars, tartaric acid, ascorbic acid, methanol, 
ammonium sulfate, and potassium chloride was negligi- 
ble. 

The proposed system was applied to the determination 
of total polyphenols in red wines, and enabled analysis of 
approximately 55 samples h–1. Results were usually pre- 
cise and accurate; the RSD was <3.9% and relative errors, 
by the Folin–Ciocalteu method, <5.1%. 
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Introduction 

 
Polyphenols are responsible for some of the organoleptic 
properties of wines – the intensity and type of color, the 
astringency and “hardness”, the aroma, evolution and 
maturation with aging, etc. – and have both vitamin P and 

bactericide effects [1]. Although it is increasingly impor- 
tant to be able to recognize the different structures among 
this class of compounds and to determine their quantities, 
the establishment of a simple method that enables quan- 
tification of the total amount of polyphenols in wines is 
equally important. 

Among the techniques used for this purpose, high-per- 
formance liquid chromatography is the most popular [2, 3, 
4, 5]. Because of the extreme complexity of matrices con- 
cerned, it is easy to understand the attractiveness of a sep- 
arative technique, although when used for this purpose ca- 
pacity is not fully exploited. The technique is also quite 

expensive when used routinely. 
An alternative strategy used for quantitative analysis in 

recent decades is flow-injection analysis (FIA), which has 
several advantageous features, including versatility, sim- 
plicity, and low cost. The total amount of polyphenols in 
wines can also be determined by use of this concept. The 

first work proposed in the literature is an adaptation to 
flow conditions of the Jerumanis method [6] involving re- 
action with ammonium iron(III) citrate in alkaline me- 
dium, with formation of a colored iron(II)–polyphenol 
complex [7]. This procedure was, however, very depen- 
dent on the experimental conditions used for FIA; this re- 

sulted in errors up to 37% when results from flow and 
batch trials were compared. 

This drawback was overcome by subsequent applica- 
tions of FIA. Adaptation of the traditional  Folin–Ciocal- 

  teu  method  [8]  enabled  the  determination  of,  at least, 
  45 samples h–1 [9, 10]. This method is based on the re- 

duction of a mixture of phosphotungstic and phospho- 
molybdic acids to tungsten and molybdenum oxides by 
phenols in basic media and, subsequent formation of a 
blue color, and gives rise to an index value always con- 
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sidered to be conventional in nature. Although adapted by 
the Organization International du Vin (OIV, 1981), and 
still widely used, this method suffers from interference 
from several compounds, including ascorbic acid, reduc- 
ing sugars, iron(II), nucleic acids, amino acids, and pro- 
teins [11]. Another disadvantage is that the color evolves 

with time, making it very difficult to obtain accurate re- 
sults. Under the conditions used for FIA [9, 10] this last 
disadvantage is not of concern, because analytical read- 
ings are taken after a constant period of time. The same 
cannot, however, be said for chemical interferences with 
the Folin–Ciocalteu method. 

The aim of this work was, therefore, the establishment 
of an alternative procedure with a different chemical 
background that would enable simple and more selective 
determination of total polyphenols. The method proposed 
is based on the oxidation of polyphenols and subsequent 
complexation with 4-aminoantipyrine, a reagent com- 

monly used for the quantification of low levels of phenols 
in waters [12, 13]. To enable determination of a large 
number of samples per hour, and to eliminate analytical 
errors arising as a result of the evolution of color with 
time, this principle was implemented in a FIA system. 

 
 

Experimental 

Apparatus 
 

Spectrophotometric readings under batch conditions were made by 
means of a Shimadzu UV-2101 PC double-beam spectrophotome- 
ter and quartz cuvets with an optical path length of 10 mm. 

The FIA system comprised a Gilson Minipuls 3 peristaltic 
pump, fitted with PVC tubing (1.0-mm i.d.) and a four-way Rheo- 
dyne 5020 injection valve. The detection system was a Jenway 
6300 single-beam spectrophotometer comprising a 100- L 
flow- through cell and an optical path length of 10 mm. PTFE 
tubing (Omnifit, Teflon, 0.8-mm i.d.) and Gilson end-fittings and 
connec- tors were used to connect all the components of the 
manifold. The output signals were recorded by means of a 
Ross 201 B 1596 recorder. 

The pH of buffer solutions was determined with a Crison 2002 
pH meter with a Sentek 71728 combined glass electrode. 

 

Reagents and solutions 
 

All chemicals were of analytical grade, and deionized water (con- 
ductivity <0.1 S cm–1) was used. 

Ascorbic acid, 4-amino antipyrine (AAP), boric acid, potas- 
sium hexacyanoferrate(III) (HCF), potassium chloride, sodium 
peroxodisulfate (PDS), sodium tetroxoiodate(VII) (TOI), gallic 
acid monohydrate (GA.H2O), anhydrous sodium carbonate, am- 
monium sulfate, and tartaric acid were purchased from Riedel–de 
Haën; sodium hydroxide, glucose, sucrose, fructose, ethanol, and 
methanol were purchased from Merck; and Folin–Ciocalteu 
reagent was obtained from Fluka. 

Buffer solutions of pH 10, 11, 12, and 13 were prepared by ad- 
dition of 0.1 mol L–1 aqueous boric acid solution to 0.12 mol L–1 

aqueous sodium hydroxide solution until the desired pH was ob- 
tained. This procedure was followed by appropriated dilution, to 
furnish a final ionic strength of 0.01 mol L–1, and subsequent re- 
evaluation of the final pH. The pH meter was calibrated by means 
of Crison buffers of pH 4, 7, and 9. 

Gallic acid (GA) standard solutions were daily prepared in 
buffer by appropriate dilution of a mother solution. This last 
solution, usually 1850 mg L–1  GA, was prepared by accurate 

 

weighting of the corresponding solid and appropriate dilution with 
buffer. 

Oxidizing agent solutions, 10 g L–1 in HCF, PDS, or TOI, were 
usually prepared by dissolving approximately 1 g of the solid in a 
final volume of 100.00 mL buffer. AAP solutions were prepared in 
100.00 mL of buffer by dissolution of the solid to a final concen- 
tration of 1.7 g L–1. Dilute solutions of oxidizing agents and AAP 
were obtained by appropriate dilution of mother solutions. 

Interference from glucose, fructose, sucrose, tartaric acid, 
ascorbic acid, methanol, ammonium sulfate, and potassium chlo- 
ride were evaluated for 185 mg L–1 GA solutions in buffer pre- 
pared with or without the interfering compound at concentration 
levels of 185 10–1, 185 and 185 101 mg L–1. The interference 
of ethanol was also evaluated, but for concentrations of 0.2, 2.0, 
and 20% (v/v), keeping the concentration of GA constant. 

 
 

Procedures 
 

The appropriate oxidizing agent was selected under batch condi- 
tions by recording the absorption spectra, in the visible  region, 
of 16.7, 33.3, 50.0, 66.7, and 83.3 mg L–1 gallic acid solutions 
containing oxidizing agent and AAP concentrations of 3.33  and 
0.567 g L–1, respectively, in pH 11 buffer. 

The appropriate concentration ratio for the reagents was evalu- 
ated from the absorption spectra of solutions of GA (2.25, 
2.25 101, or 2.25 102 mg L–1), oxidizing agent (1.0, 1.0 101, 
or 1.0 102  g L–1), and AAP (1.7 10–1, 1.7, or 1.7 101  g L–1) in 
dif- 
ferent combinations. All solutions were here prepared in pH 11 
buffer. 

To select the appropriate pH for formation of the colored com- 
plex, standard GA solutions of concentration 130, 195, and 260 mg 
L–1 were prepared in buffer solutions of pH 10, 12, and 13. For pH 
11 more dilute solutions were used – concentrations 41.3, 62.0, 
and 82.7 mg L–1. All solutions contained the same concentrations 
of oxidizing agent and AAP – 3.33 and 0.567 g L–1, respectively. 

The evolution, with time, of the color intensity of the complex 
was determined by measuring the absorbance of 18.1, 36.2,  and 
54.3 mg L–1 standard solutions of GA, kept in daylight and at room 
temperature, at 30 min intervals for a maximum period of 2 h. The 
stability of the complex over a period of 24 h was evaluated by 
measurement of the absorbance of the solutions the following day. 
The concentrations of oxidizing agent and AAP in these solutions 
were constant – 3.33 and 0.567 g L–1, respectively. 

Several characteristics of the FIA system depicted in Fig. 1 – 
flow rate, injection volume, and reaction coil lengths – were opti- 
mized univariantly by producing calibration curves after analysis 

 
 

 

 

Fig. 1 Flow manifold diagram for determination of polyphenols 
in wines. s, sample; c1, buffer carrier (pH 11); c2, HCF solution 
(9 g L–1) carrier, prepared in buffer of pH 11; c3, AAP solution 
(1.7 g L–1) carrier, prepared in buffer of pH 11; p, peristaltic pump; 
q1+q2+q3, overall flow-rate of 1.5 mL min–1; i, injection volume 
(500 L); x, confluence points; r1 and r2, reaction coils of length 
200 and 10 cm, respectively; w, waste; rec, recorder of spec- 
trophotometric readings at 470 nm 



 

 

of standard solutions of GA at  concentrations  between  50  and 
250 mg L–1. The GA standard solutions were prepared in buffer 

(pH  11)  and  injected   through   the   four-way   injection  valve 
(i, Fig. 1) into a carrier stream comprising the same buffer (c1, Fig. 1). 
The GA was made react first with 9.0 g L–1 oxidizing agent solu- 

tion, propelled as carrier 2 (c2, Fig. 1), and afterwards mixed with 
AAP solution (1.7 g L–1), inserted into the system as carrier 3 (c3, 
Fig. 1). These reactant solutions were prepared in buffer of pH 11. 
To ensure proper development of the reaction inside the manifold, 

two reaction coils were placed in the FIA system (r1 and r2, Fig. 1). 
Under the experimental conditions selected for FIA wine sam- ples  

were  injected  into  the  manifold  after  10-fold  dilution with 
pH 11 buffer. 

 
 

Comparison method 
 

Results from analysis of wines by the proposed method were com- 
pared with those obtained by use of the Folin–Ciocalteu method 
[8]. 

Sodium carbonate solution was prepared by dissolving the an- 
hydrous salt (200 g) in boiling water (800 mL). The solution was 
seeded with a few crystals and filtered the next day. The volume 
was then adjusted to 1000 mL in a volumetric flask. A calibration 
set of GA standard solutions (concentration 0–250 mg L–1) were 
prepared in water. Samples of red wine were diluted 10-fold with 
water. Each standard or sample (1 mL) was placed in a 100.00-mL 
flask with water and the mixture was homogenized. After addition 
of Folin–Ciocalteu reagent the solutions obtained were mixed and 
diluted to volume with sodium carbonate solution after different 
periods from 30 s to 8 min. The absorbance was read at 765 nm af- 
ter storage of the solutions at 20 °C for 2 h. 

 
 

 

Results and discussion 
 

Batch trials 

 

Because the formation of the colored complex of poly- 
phenols in the presence of AAP depends on the presence 
of an oxidizing agent, several reagents were tested for this 
purpose, including HCF, PDS, and TOI. The visible spec- 
tra obtained from several GA standard solutions prepared 

with different oxidizing agents indicated that sensitivity 
(steeper slope) and repeatability were best  when HCF 
was used – the molar extinction coefficient was 2667± 
133 L mol–1 cm–1 (Fig. 2A). For similar reaction times the 
sensitivity was 2.1 and 3.1 times higher than those 
recorded after use of PDS and TOI, respectively. To select 

other experimental conditions further studies, using a uni- 
variant process, were performed in the presence of HCF. 

To find the appropriate concentration ratio for the 
reagents several spectra were recorded for solutions pre- 
pared with significantly different concentrations of GA, 
AAP, and HCF. The highest concentrations of oxidizing 

agent and complexing agent led to severe precipitation; 
the lowest concentrations led to very low absorbance, 
even after extended periods of time. For a GA concentra- 
tion of approximately 225 mg L–1 the highest absorbance 
readings were obtained at 470 nm and for standard solu- 
tions  with  AAP  and  HCF  concentrations  of  0.57  and 
3.33 g L–1, respectively. 

The effect of pH was evaluated at pH 10, 11, 12 and 
13; this range was selected because the reaction between 

phenol and HCF and AAP is usually better under alkaline 

 

 

 

Fig. 2 Molar extinction coefficients for standard solutions of GA 
with (A) different oxidizing agents (HCF, TOI, and PDS) or (B) at 
different pH (10, 11, 12, and 13), or (C) at different times (30, 60, 
and 90 min) 

 
 

 

solutions [12, 13]. For calibration solutions maximum 
sensitivity was recorded at pH 11, as is apparent from 

Fig. 2B. 
Results from previous experiments were all recorded 

after the same amount of time, because it was readily ap- 
parent that the color of the solutions tended to increase for 
some time after mixing of the reagents. From calibration 
curves obtained by use of solutions prepared under the 

conditions already selected it was found that the highest 
sensitivity was achieved after a period of 2 h (Fig. 2C). 
After this time absorbance values decreased, falling by 
80% in 24 h. 



 

 

 

 

Fig. 3 Sensitivity of calibration curves from analysis of standard 
solutions of GA at concentrations from 49.7 to 362.4 mg L–1 

recorded under different conditions: (A) different flow-rates; (B) 
reactor 1 (r1, Fig. 1) of different lengths; (C) reactor 2 (r2, Fig. 1) of 
different lengths; (D) different injection volumes 

 

Flow trials 

 

The conditions selected on the basis of results from the 
batch experiments were implemented for optimization of 

the FIA manifold. All solutions were prepared in carrier 
buffer of pH 11. The GA standard solution was reacted 
first with the oxidizing agent by means of a confluence 
point with the corresponding carrier solution (Fig. 1). Be- 
cause this carrier solution would be diluted approximately 
fourfold during passage through the system, to ensure the 

amount of reagent necessary for reaction to occur prop- 
erly, without precipitation, the concentration selected was 
9.0 g L–1, three times that obtained from batch trials. The 
GA and oxidizing agent in this plug was then reacted with 
AAP by confluence with the proper carrier. The concen- 
tration of the AAP solution inserted into the system   was 

1.7 g L–1, three times of that selected from batch experi- 
ments. To ensure adequate reaction times inside the man- 
ifold, two reaction coils, r1 and r2, length 100 and 10 cm, 
respectively (Fig. 1), were placed after the confluence 
points. 

With the FIA manifold operating under these condi- 

tions the effect of several other conditions was studied by 
use of a univariant process and comparison of the sensi- 
tivity of calibration curves obtained by analysis of GA 
standard solutions within the concentration range 49.7  to 
362.4 mg L–1. 

The flow-rate was varied from 1.5 to 4.5 mL min–1 

and, unexpectedly, increasing the flow rate led to in- 
creased sensitivity (Fig. 3A). The sampling rate could be 
increased to approximately 100 samples per hour. Be- 
cause 4.5 mL min–1 could be too high for spectrophoto- 

metric determination, and because of possible differences 
between the kinetics of the reaction for standards and real 
matrices, it was decided that this condition would be re- 
evaluated when all the other conditions had been opti- 
mized. In subsequent  experiments a value of either 2.5 or 
4.5 mL min–1  was used. 

The length of the first reaction coil (r1, Fig. 1) was var- 

ied from 100 to 300 cm. The calibration curves obtained 
indicated that the sensitivity increased with increasing 

coil length until the length was 200 cm, after which sensi- 
tivity started decreasing (Fig. 3B), presumably as a result 
of augmenting both the extent of the reaction and disper- 
sion. With the first reactor set to 200 cm the length of the 
second was tested for 10 and 110 cm. In contrast with re- 
sults obtained for r1, increasing the length of r2 led to a 

small decrease in sensitivity (Fig. 3C). It seems that com- 
plexation with AAP to form the colored complex occurs 
very quickly and that increasing the length of this reactor 
results in a dilution effect. 

Under the conditions already selected the injection vol- 
ume was varied from 100 to 1000 L. As expected, in- 

creasing the injection volume led to a significant increase 
in sensitivity, more perceptible for low injection volumes 
(Fig. 3D). Because the rate of increase was very small for 
volumes between 500 and 1000 L, the latter was se- 
lected; this lower sampling volume also enabled higher 
sampling rates. 

After optimization of these conditions the response of 
the proposed FIA procedure was linear within the range 
36–544 mg L–1, with a slope of 338.5±8.6 L mol–1 cm–1, 
an intercept of 0.018±0.006, and an R2>0.9992.  Because 



 

 

Table 1 Absorbance readings 
obtained from standard solu- 
tions of 185 mg L–1 GA pre- 
pared without or with a possi- 
ble interfering compound at a 
level 10, 100, or 1000% that of 
GA 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
areal concentration of ethanol 
in GA solutions 

 
 

Interference  Absorbance (m.u.a)  Relative 
error (%) 

Compound % of GA Without With 

 
 

the flow-rate used to obtain these results was 4.5 mL min–1, 

which might still be too high for analysis of wines, trials 
were performed on real samples. It was found that for 
these matrixes the kinetics were slower, and prevented 
the use of the high flow-rate. Calibrations were therefore, 
again performed at 1.5 mL min–1; at this flow rate the 

slope was 344.0±10.45 L mol–1 cm–1, the intercept 
0.013±0.010, and R2>0.9996. Although this behavior was 
the opposite of that observed during the first optimization 
of the flow-rate, it was much closer to the behavior ex- 
pected, not just because of the lower dispersion of the so- 
lutions but also because of the longer time available for 

reaction to occur. Under these conditions the reproducibil- 
ity of analytical readings, determined on different days 
with different solutions and with the same equipment, was 
1.01% for a 135.2 mg L–1  standard solution of GA. 

Interference from several compounds usually present 

in wines was evaluated by examining differences between 
absorbance readings obtained from GA standard solutions 
prepared with or without the interfering compound. For 
reducing or non-reducing sugars no interference was de- 
tected, as is apparent from Table 1. Tartaric acid, ethanol, 

methanol, and inorganic ions were also found not to inter- 
fere with FIA determination of GA. 

Ascorbic acid, a natural component of grapes that dis- 
appears during the vinification process but which can be 
found in wines because of its addition, during processing, 

to prevent oxidation, did interfere. This interference was, 
however, perceptible only at a concentration of 1850 mg 
L–1; it was negligible at 185 mg L–1 (Table 1). Because ad- 
dition of ascorbic acid is legally limited to a maximum 
concentration of 150 mg L–1 in Europe [1], interference of 
this compound with the determination of polyphenols in 

wines can be regarded as negligible. 
Addition of free SO2 to wines, to a maximum concen- 

tration of 30 mg L–1, is an alternative to addition of ascor- 
bic acid. Because both ascorbic acid and SO2 are used for 
the same chemical purpose, and bearing in mind that 
ascorbic acid did not interfere at the maximum concentra- 

tion permitted by  law,  interference  by  SO2  was  here 
not expected. Previous work on adaptation of the Folin– 
Ciocalteu method to FIA  [10]  indicated  tolerance  to 
400 mg L–1 SO2 and to 50 mg L–1 ascorbic acid, suggest- 
ing that interference from the latter compound was much 
higher. The classical Folin–Ciocalteu method is more 

prone to interference from SO2 [11] than the FIA method, 
possibly because working under stationary conditions en- 
ables the reaction to proceed further. To be certain of  this 

Fructose 10 305.48±0.38 305.92±0.66 +0.14 

 100  307.24±1.14 +0.57 

 1000  308.99±0.38 +1.15 

Glucose 10 302.41±0.34 303.73±0.38 +0.43 

 100  303.94±0.66 +0.51 

 1000  304.17±0.38 +0.58 

Sucrose 10 302.54±0.53 306.36±0.38 +1.26 

 100  304.82±1.52 +0.75 

 1000  307.02±0.38 +1.48 

Tartaric acid 10 304.58±0.72 310.62±0.62 +1.98 

 100  310.21±0.36 +1.84 

 1000  310.62±2.86 +1.98 

Ascorbic acid 10 305.42±1.60 302.50±2.16 –0.95 

 100  293.75±2.51 –3.82 

 1000  188.33±2.89 –38.3 

Methanol 10 305.47±1.28 299.76±2.69 –1.87 

 100  298.50±0.90 –2.28 

 1000  297.02±0.97 –2.77 

Ethanol 0.2a
 

2.0a
 

20.0a
 

301.28±2.58 315.44±1.82 

305.78±0.91 

297.41±3.82 

+4.70 

+1.49 

–1.28 

Ammonium sulfate 10 301.79±2.61 302.56±1.82 +0.26 

 100  309.64±0.91 +2.60 

 1000  301.92±0.91 +0.04 

Potassium chloride 10 301.22±1.53 295.81±2.34 –1.80 

 100  302.76±0.94 +0.51 

 1000  299.78±0.47 –0.48 

 



 

 

Table 2 Determination of to- 
tal polyphenols in wines by use 
of the proposed FIA method 
and by the Folin–Ciocalteu 
method, with the correspond- 
ing relative error (RE) and 
F- test value 

 
 

Sample Total polyphenols (expressed GA, mg L–1) RE (%) F test 

FIA Folin–Ciocalteu 

 

 

 

 

non-interference from SO2 at the levels permitted by law, 

a 100 mg L–1 standard solution of GA containing 100 mg L–1 

of SO2 was prepared. Absorbance readings for this solu- 
tion were similar to those for a pure GA standard solution 
of 100 mg L–1; the relative error, –0.74%, was indicative 
of negligible interference from SO2. 

 

Analysis of wine samples 

 

Total polyphenols were determined spectrophotometri- 
cally in wines after calibrating the FIA system under the 
optimized conditions. Before injection every sample was 
diluted tenfold, to fit the calibration curve. Results ob- 
tained for several red wines are listed in Table 2 as aver- 

ages and standard deviations for six independent determi- 
nations. Sampling rates were about 55 samples h–1 when 
real samples were injected (Fig. 4) and results were pre- 
cise – the maximum RSD was 3.8% (Table 2). 

The accuracy of FIA results was apparent from relative 
deviations <5% when results were compared with   those 

from the Folin–Ciocalteu method. Also, considering as 

null hypothesis that the two methods agree, a paired two- 
tail test for 5% level of significance gave a calculated t 
(0.170) below that tabulated (t0.05,10=1.812), confirming 
the null hypothesis. Variances obtained for each sample 
were compared by use of the F-test, using the same as- 

sumptions as for the Student t-test; the calculated values 
(Table 2) were always less than the critical F-value 
(F0.025(5,5)=7.15), thus confirming the null hypothesis. 

Two other wine samples, not indicated in Table 2, were 
analyzed both by the proposed method and by the Folin–
Ciocalteu procedure. The results obtained from the two 

methods were different; it was assumed this was be- 
cause interference from SO2 was more probable at the 
comparison method than at the here proposed one. Sub- 
stantial interference of SO2 with the Folin–Ciocalteu 
method has been reported in the literature [11]. Although 
the level of SO2 in those samples was unusually high 

(>100 mg L–1), the possibility of interference with the 
proposed procedure cannot be neglected. 

 
 

Conclusions 
 

 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

Fig. 4 Record of response from standard solutions of GA at con- 
centrations of 45.8, 91.7, 137.5, 183.3, and 229.1 mg L–1, and wine 
real samples (numbers 1 and 2 in Table 2 and another not included 
there) diluted 10 times 

Batch and FIA experiments were used to optimize the 

sensitivity of the analysis. The interference of several 
compounds commonly present in wines seems to be neg- 

ligible; this is a significant achievement considering the 
substantial interferences suffered by the comparison meth- 
od. 

The accuracy of results obtained by use of the pro- 
posed method seems good, in particular because errors 
relative to those obtained by use of the Folin–Ciocalteu 

method were below 5% for most samples. Results for two 
sample wines were outside this range, possibly because of 
interference of SO2 with the proposed procedure, if the 
SO2 content of the samples was >100 mg L–1, or with the 
reference method. Correction factors for the latter method 
are given in the literature [11], suggesting very high inter- 

ference from this compound and implying, as a conse- 
quence, the need to determine total sulfur dioxide so that 
total polyphenols can be estimated. 

It seems, therefore, that the procedure proposed in this 
paper could be an alternative to routine determination of 
polyphenols in wines. The FIA system is simple, inexpen- 

sive in terms of reagent consumption and equipment in- 
volved, and enables analysis of approximately 55 samples 
h–1. Sample preparation is simple dilution with buffer; this 

Red wine 1 979.8±36.5 937.5±17.0 +4.52 0.22 

Red wine 2 1363.4±32.1 1310.1±43.7 +4.07 1.85 

Red wine 3 1644.6±40.6 1626.5±31.0 +1.11 0.58 

Red wine 4 1787.0±60.9 1820.5±56.2 –2.19 0.85 

Red wine 5 1451.5±55.2 1381.5±27.4 +5.06 0.25 

 



 

could be avoided by addition of another channel to the 
FIA manifold, a procedure which would not lead to dilu- 
tion problems, because of the wide linear concentration 
range and because of the high concentration of polyphe- 
nols in wines. 
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