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In this work, a study about the consequences of the interaction among phenol compounds on
antioxidant capacity is proposed. The antiradical activity evolution of an ethanol solution containing
a mixture of three monophenols (catechin, resveratrol, and quercetin) was compared with the trend
followed by each single phenol at three different temperatures (22, 37, and 60 °C). An initial increase
and a following decrease in antioxidant activity were observed for all solutions at the three
temperatures. The lower antiradical activity values of the mixture in comparison to the controls during
the entire period of storage clearly showed that interaction among these polyphenols promotes a
negative sinergistic effect on this property.
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INTRODUCTION of their interaction on the antioxidant properties and, as a
consequence, on food stability. Indeed, interaction among

Polyphenols are claimed to promote so many beneficial 7. . . o
different species may promote changes in overall antioxidant
effects on human health. In the past several years, a large : . e . . .
capacity, which are difficult to predict on the basis of their

pumber of scientific reports have shown studies sqggestmg Nindividual antioxidant capacity. Three different effects have been
important role of these compounds on the prevention of some

. . . . . reported to take place in these systems: (1) an additive effect
degenerative diseases and certain carcinogenic processes

(1—3). However, despite the general acceptance of their healthSléCh.fas thar: obsgrvedd f%{}phﬁ}nolgﬁgmp{)nentﬁ frolm I;)zazlbergls
protecting capability, a clear correlation between phenol content 2¢orera w ?fn T'Xe thI te ' d Er P @rt-ls/lcqllla (cejrote)’lg )

in foods and their effects in vivo has not been stated yet. This a synerglc el ect as de e? € Iy eyrat-Maillar 'Ie 9. er

fact has given rise to a strong criticism toward studies dealing a-tocophero added to malt rootlet extracts (a similar result was
with species such as flavonoids and other phenolics. DespiteaISO obyalned amor!g phenol§ extracteq from severall f“%'ts and
the latter being well established as antioxidants, the assayaQEd wines (1011)); (3) possible depletion of the antioxidant

: . capacity upon addition of certain species. This negative
methodology fails to correlate with any role for these compounds ; h | lik X
in the human health. synergism was observed when plant extracts like origano or

Notwith dina th iderati h f polvohenol rosemary were mixed witli-tocopherol or when BHA was
_ Notwithstanding these considerations, the use of polyphenols;yye 1o methanolic extracts of peanut hullg,(13).
in food fortification is a common custom generally carried out . . .
. . . ' The different behavior could probably be explained on the
to increase its nutritional value. Apple polyphenols, for instance, . ; >
: S basis of the chemical nature and reactivity of the compounds
having a large amount of a catechin oligomer, were reported to

be effective inhibitors of cholesterol oxidation in commercial con5|d.e.red. It is Wc_all-accepted th?t the rad|ca! scavenging
capability of phenolic compounds is due to their hydrogen-
meat products such as pork sausage, raw and roast ham, bacon

hae . . donating ability: the more the number of hydroxyl groups, the
and hamburgersy. Similarly, other flqunmds g, q“efce“”) higher the possibility of free radical scavenging activiiy(
are successfully employed to inhibit fish oil degradati®. ( 15). The availability of the hydroxyl groups closely depends
Resveratrol is known to possess intense preservative and "’ . y y y! group ey dep
- - on both chemical structure and spatial conformation, which can
pharmacologic characteristics (B). ) e .
It ible 1o find in the literat bundant studies that modify the reactivity of the molecules. Some flavonoids are
IS possible to Tind in the fiterature gbundant studies tha reported to exhibit a strong tendency to suffer polymerization
try to clarify the antioxidant behavior of these individual

o reactions that promote important structural changes and, as a
compounds. However, very little is known about the outcomes consequence, variations in their radical scavenging actity (
17). Previous findings show that monophenols present lower

* Corresponding  author  (telephone +39.0432.590744;  fax  radical capacity than corresponding oligomers, probably because
+3T9 00,335;2%‘;213'6%;“n"’;:gg?%@%%%ggggfg; of their more significant areas of charge delocalizatib®) {9).
* Universita degli Studi di Udine. Nicoli et al. 20) have reported an increase higher than 50% of
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the initial antiradical activity of a catechin solution during the  Taple 1. Antiradical Activity of an Ethanol Solution of Resveratrol,
2 first days of storage at 2%C. Likewise, Espin et al. (21)  Catechin, and Quercetin and Those Corresponding to the Single

detected major antioxidant activity of the dimer of resveratrol Phenol Control Solutions

produced by oxidation in comparison to the individual molecule.
Anyhow, when the degree of polymerization exceeds a critical

antiradical activity?

value, the increased molecular complexity promotes a decrease polyphenolin ethanal solution (ZOD* min* mg )
in antioxidant capacity, probably because of the steric hindrance, 10~ M resveratrol 64934
which reduces the availability of the hydroxyl groups. All these 18,4 m Ciﬁccr;'t?n ng f gz
considerations make it difficult to anticipate the antioxidant 104 M ?esveratrm + 33.7+20
behavior of systems containing different phenolic species. 104 M catechin + 10~* M quercetin

On the basis of these considerations, this work was designed
to study the possible synergism of several polyphenols allowed 2Mean + SD (n = 3).
to concomitantly react in an antioxidant capacity. In particular,
the evolution of antioxidant properties of a system containing —&—res —e—cat —=—que —o—complex
a mixture of three monophenols (catechin, quercetin, and

140
resveratrol) was compared to the trend followed by each single 120
phenol. Changes in antioxidant capacity were assessed at three E’E .
different temperatures using the DPPH method. 2 g’% 00
2= 80
2=
MATERIALS AND METHODS gqﬁ 60
Sample Preparation.Ethanol (Carlo Erba, Milano, Italy) solution § 3 40
containing 104 M quercetin (Q-0125, lot 90K1746, Sigma, St. Louis, ° = 20
MO), 10* M catechin (C-1251, lot 120K1194, Sigma), and 1M 0 : : : ‘ : :

resveratrol (R-0456, lot 42K1146, Sigma) was prepared. Control ethanol 0 20 40 60 80 100 120
solutions containing 1@ M of each single phenol were also prepared. time (days)
Five-hundred milliliter capacity screw capped flasks containing 200 L - . 4
mL of polyphenol solution were mantained in water baths at 22, 37, Figure 1. Antiradical act|V|_ty value of an ethanol 'solut|0n of 1074 M
and 60°C. At different lengths of time, 5 mL of the solution were ~ resveratrol, 10~* M catechin, and 10~ M quercetin and those corre-
removed and immediately analyzed. sponding to the single phenol control systems at 22 °C.

Analytical Determinations. Optical Density. Chemical oxidation
was followed by means of measurement of optical density at 380 nm increase in the radical-scavenging capacity but also promote a
using a Uvikon 860 spectrophotometer (Kontron Instruments, Milano, considerable decrease in this parameter. As can be observed,
ltaly). This wavelength is in the spectral region of these phenols’ the order of increasing antioxidant capacity was complex system
maximum absorption. < quercetin< resveratrol< catechin, with a doubling of the

Antiradical Actity. The antiradical activity was measured following o o . .
the methodology described by Brand-Williams et aR), whereas the E‘nsttlrgg;cal activity value detected in the phenol mixture for the

bleaching rate of the stable free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) is monitored at the characteristic wavelength in the presence  This acute difference in antioxidant activity can be justified
of the sample. In its radical form, DPPabsorbs at 515 nm, decreasing by the interaction among polyphenols. It is well-known that the
its absorption upon reduction by an antioxidant or a radical species. tendency to combine themselves through polymerization reac-
A volume of 1.80 mL of 6.1x 107> M DPPH methanol solution  tjons promotes an increasing molecular complexity, thus
was used. The reaction was started by the addition ofi2ff samples.  decreasing the availability of the hidroxyl groups when the
The bleaching of DPPtwas followed at 515 nm (Uvikon 860, Kontron  geqree of polymerization is considerable. This reaction pathway
Instruments, Milano, Italy) at 25C for 20 min. In all cases, the DPPH is likely to occur to a higher extent in the complex solution,

bleaching rate was proportional to the sample concentration added to hich is 3 ti trated than the simol Th
the medium. The following equation was chosen in order to obtain the which 1S 5 imes more concentrate an the simple ones. fhe

rate of DPPH bleaching k (20, 23): higher concentration allows a higher possibility of effective
collisions among individual molecules. In this way, the polym-
1 1 3kt 1) erization pathway is favored, reducing the relative extent of the

A AZ singular molecule’s interaction with DPPH radicals.
The effect of polymerization can also be noted in the
whereA, is the initial optical density and is the optical density at ~ €volution of antiradical activity during storage of the considered
increasing time. The antiradical activity was expressedkas-OD 3 solutions at 22°C (Figure 1). In the case of single phenol
min~! (mg of dry matter)t). solutions, an increase of this parameter was detected in all cases,
Statistical Analyses.The results reported in this work are the average followed by a progressive decrease on further storage. This is
of at least three measurements, and the coefficients of variations, in agreement with the typical behavior of phenols capable of
expressed as the percentage ratio between stande_lrd qleviatio_n; and ”}S?omoting the formation of partially polymerized compounds
mean va_lues, were found to be less than 7 for antiradical activity and (17,19). However, despite a similar trend, the maximum value
6 for optical density. of antioxidant capacity was reached at very different times. In
particular, the antiradical activity of catechin and resveratrol
was increased by almost 10% of their initial values during the
Antiradical activity values of an ethanol solution containing first days of storage. In the case of quercetin, however, the
1074 M quercetin, 10 M catechin, and 10* M resveratrol maximum value of antioxidant capacity was doubled those
and those corresponding to the control systems containing 10 detected in the other phenolic single systems and was reached
M of each single phenol in ethanol are showrTeble 1. The after 80-day storage. This can be probably explained through
DPPH antioxidant capacity assay showed that the combinationthe structural differences existing among the three phenols
of the three polyphenols does not only prevent the expectedbecause availability of hydroxyl groups is strongly affected by

RESULTS AND DISCUSSION
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——res —e—cat —s—que —o—complex ——res —e—cat —=—que —— complex
180 .. 300
160 3 250
2~ |59
7, 140 8 € 500
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x £ [
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i3 o EI
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£ 40 5= 5 5
20 T o—oe—% 0 x : : : ; : : ;
0 : : ; . 0 10 20 30 40 50 60 70 80
0 20 40 60 80 time (days)
time {days) Figure 3. Antiradical activity value of an ethanol solution of 10~% M
Figure 2. Antiradical activity value of an ethanol solution of 10~4 M resveratrol, 1074 M catechin, and 104 M quercetin and those corre-
resveratrol, 1074 M catechin, and 10~4 M quercetin and those corre- sponding to the single phenol control systems at 60 °C.

sponding to the single phenol control systems at 37 °C.

—&—res —e—cat ——que —o— complex

the tridimensional disposition of the molecul®4( 15). With £ 06
regard to the solution that contains the mixture of the three S 05
polyphenols, the total values of antioxidant capacity reached 8
are always lower than those corresponding to the single systems. 2 04
This result clearly indicates that interaction among the three g 0.3
polyphenols promotes a negative synergistic effect on the total s
radical scavenging capacity during the entire period of storage. § 02
In addition, these data support the hypothesis that interaction & 01

among phenols is responsible for the low antioxidant activity 0 20 40 60 80
of the complex system in comparison to the simple ofieble

1). Following the antioxidant evolution of the complex system,
two peaks of antioxidant capacity were detected. The first one | = . - X .
occurs in concommitance with the peaks detected for catechinl.0 * M catechin, and 10~ M quercetin and those corresponding to the
and resveratrol during the first days of storage, but the deso:entSlngle phenol control systems at 37 °C.
after reaching the maximum value of antioxidant capacity is
faster in the mixture of phenols, probably because of the higher
concentration of the latter, which promotes an increase of
effective collisions among molecules. While a prevalent con-

time (days)
Figure 4. Optical density value of an ethanol solution of 10~ M resveratrol,

antioxidant activity was reduced in all cases. The peak of
antioxidant activity of quercetin was observed to occur during
the first days of storage, approaching in time to those of catechin
tribution of resveratrol and catechin can be noted during the @nd resveratrol. As a consequence, only a peak of antioxidant
initial stages of storage period, a major role of quercetin has ¢aPacity was detected in the mixture of phenols at this
been observed in the more advanced stage. In fact, a peak ofémperature. The values of antioxidant capacity were also lower
antioxidant capacity appears after 60-day storage in both than those observed in the single solutions, confirming the
systems. negative synergism reported at previous temperatures.
Equivalent antioxidant capacity behavior of the considered  Figure 4 shows the changes in optical density at 380 nm
ethanol solutions was detected at 2 (Figure 2). As was  detected in all systems during storage at°€7 Considering
already observed at 22C, a peak of maximum antioxidant the different extinction coefficients of phenol oxidation products,
activity was found in resveratrol and catechin solutions during measurements of optical density at 380 nm can give some useful
the first period of storage. In the quercetin case, however, theinformation on the extent of their oxidation. The applicability
maximum values of this parameter were reached after 40 storageof this methodology has been previously reported for resveratrol
days, indicating that quercetin reactivity is much more sensitive and catechin oxidation6( 21, 24). In fact, by comparison of
to temperature than the other phenols assayed. In addition, thghese data to those relevant to antioxidant capacity reported in
values of maximum antiradical activity were observed to be Figure 2, it can be observed that the initial increase in
higher than those detected at 22 in all cases and the period  antioxidant activity did not correspond to any appreciable change
of maintenance of maximum antiradical activity was longer at in optical density. However, after the maximum value was
lower temperatures. With regard to the solution that contains reached, the behavior of this parameter followed a different trend
the mixture of the three polyphenols, the total values of depending on the considered single phenol system. In fact, the
antioxidant capacity were practically always lower than those evolution of the ethanol solution optical density containing
corresponding to other single systems, again except during thecatechin and resveratrol indicates that polymeric compounds
storage days around 40, where the mixture showed a slightly obtained from these monophenols are darker than the original
major antiradical activity compared with the catechin and molecule. By contrast, degradation products in quercetin solution
resveratrol cases. Two peaks of antioxidant capacity were alsoare colorless compared with the single molecule. In addition,
detected in this case. this decrease in absorbance detected in quercetin was much
The trend followed by the antioxidant capacity of the different higher than the corresponding increase observed in the catechin
solutions at 60C is shown inFigure 3. As expected, a further ~ and resveratrol cases and is in agreement with variations in
increase in storage temperature promotes a new acceleration oéntiradical activity being much higher than those detected in
the reaction rate. In fact, the maximum of antioxidant capacity quercetin. Since the optical density of the complex mixture was
was gained in shorter times compared to those observed at 2Zharacterized by a progressive decrease, it can be inferred that
and 37 °C and the period of maintenance of maximum polymerization and, as a consequence, variations in antioxidant



1180 J. Agric. Food Chem., Vol. 52, No. 5, 2004

capacity mainly occur as affected by the pathway determined

by quercetin.

Data not shown reveal an equivalent general behavior for
the solutions subjected to storage temperatures of 60 and 22

°C.
In conclusion, it is possible to obtain important information

about changes in antioxidant capacity of the solutions. First,
changes in optical density could indicate that the storage time
corresponding to maximum values of antioxidant activity is over.
Besides, being that the optical density is much easier to be
assessed compared to the measurement of the antioxidant
capacity, the general trend could be useful for indicating whether
a specific phenol could exert a dominant role in determining

the antioxidant capacity trend of a mixture of phenols.

CONCLUSIONS

Pinelo et al.

(7) Oleszek, W.; Sitek, M.; Stochmal, A.; Piacente, S.; Pizza, C,;
Cheeke, P. Resveratrol and other phenolics from the bark of
Yucca schidigerdoezl.J Agric. Food Chem2001,49, 747—
752.

(8) Wang, W.; Weng, X.; Cheng, D. Antioxidant activity of natural
phenolic components frorbalbergia odorifera Food Chem.
2000,71, 45-49.

(9) Peyrat-Maillard, M. N.; Bonnely, S.; Rondini, L.; Berset, C.
Effect of vitamin E and vitamin C on the antioxidant activity of
malt rootlets extractd.ebensm-Wiss. TechnoR001, 34, 176—

182.

(10) Vinson, J. A.; Xuehui, S.; Zubik, L.; Bose, P. Phenol antioxidant
guantity and quality in foods: fruitd. Agric. Food Chen002
49, 5315—5321.

(11) Arnous, A.; Makris, D. P.; Kefalas, P. Effect of principal
polyphenolic components in relation to antioxidant characteristics
of aged red winesl. Agric. Food Chenm2002,49, 5736—5742.

Results obtained in this study clearly showed that the addition (12) Banias, C.; Oreopoulou, V.; Thomopoulos, C. D. The effect of

of a new polyphenol to a complex phenolic system does not
always promote a positive effect on its overall antioxidant
capacity. In fact, in opposition to what could be expectable, it
can cause dramatic consequences because its value can be

considerably reduced.
This has important implications in food fortification when it
is carried out to increase the stability of foods with time. In

light of the results shown in this study, it is obvious that the

primary antioxidants and synergists on the activity of plant
extracts in lardJ. Am. Oil Chem. S0d 992,69, 520—524.
(13) Duh, P. D.; Yen, G. C. Antioxidant efficacy of methanolic
extracts of peanut hulls in soybean and peanut dilé&m. Oll
Chem. Soc1998,74, 745—748.
(14) Chen, C. W.; Ho, C. T. Antioxidant properties of polyphenols
extracted from green and black tdaFood Lipids1995 1, 35—
46.

effect of a new functional ingredient on the antioxidant capacity (15) Wang, M.; Jin, Y.; Ho, C. T. Evaluation of resveratrol derivatives

of a system is not easy to anticipate. Initially, there are two
parameters that could seem useful for solving this question. The

first one is the initial antioxidant capacity of single phenols.

as potential antioxidants and identification of a reaction product
of resveratrol and 2,2,-diphenyl-1-picrylhydrazyl radidalAgric.
Food Chem1999,47, 3974—3977.

However, as has been observed in this work, the catechin, (16) Ariga, T.; Hamano, M. radical scavenging action and its mode

despite exhibiting the higher initial antioxidant capacity, did

not have a crucial role in the overall evolution of this parameter.

in procyanidins B1 and B3 from azuki beans to peroxyl radicals.
Agric. Biol. Chem.1990,54, 2499—2504.

The other one, the redox potential, could also be useful in order (17) Saint-Cricq de Gaulejac, N.; Provost, C.; Vivas, N. Comparative

to provide the possible interactions among the different com-
pounds and the implications in the antioxidant capacity;
however, the great variety and complexity of compounds presen
in food matrixes (other antioxidants and polyphenols, oxidative
enzymes, metals, ...) make impossible an exhaustive study of

their reactivity and their consequences.
In conclusion, the only way to know the implications that

the addition of a new phenol can cause on the antioxidant
capacity, and as a consequence on the stability of food matrixes, (20) Nicoll
is a specific experimental study of the system considered in

each case.’
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