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Studyof thePolyphenolicCompositionandAntioxidantActivityof
New Sherry Vinegar-Derived Products by Maceration with Fruits
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Several experiments of maceration of a sherry wine vinegar with different fruits (orange, lemon,

strawberry, grapefruit, and lime) have been carried out. After optimization (only peel, no heating and

seven days as maximum time of maceration), parameters such as polyphenolic content, superoxide

anion scavenging ability (related to antioxidant activity) and ascorbic acid content were determined in

sherry wine vinegars macerated with two amounts of peel and for two maceration times (3 and 7 days).

The analysis of variance pointed to a clear relationship (p < 0.01) between type of fruit and amount of

peel and polyphenolic content. The factor “time” was practically not significant for any polyphenol. Sherry

wine vinegars macerated with different fruits exhibited higher superoxide anion scavenger ability, with the

maximum values found for the vinegar macerated with lemon peel. The correlation analysis showed that

the superoxide anion scavenger ability of the vinegars macerated, and thus their antioxidant activity, was

highly correlated (p < 0.01) with several polyphenols, especially with naringin, hesperidin, neohesperidin

and gentisic acid and not with the ascorbic acid content.

KEYWORDS: Sherry vinegar; maceration; fruits; polyphenols; superoxide anion scavenger ability;
antioxidant activity

INTRODUCTION

In the past few years, the food industry and consumers are
becomingmore consciousof the nutritional value and safetyof food
and ingredients. Interest in the consumption of natural antioxidants
(especially phenolic compounds) has increased considerably, due to
their antiviral, anti-inflammatory and antihypertensive proper-
ties (1,2). Therefore, some authors affirmed that the daily ingestion
of phenolic-rich food could prevent chronic, degenerative and
coronary heart diseases (3,4), such as cancer and atherosclerosis (5).

Polyphenolic compounds are present to a large extent in vegetal
products, such as vinegars, wines and several fruits (6-8). On the
one hand, citrus fruits are a great source of phenolic compounds,
and hydroxycinnamic acid derivatives and flavanones are the two
main groups. Ferulic, p-coumaric, sinapic, caffeic and chlorogenic
acids are the principal hydroxycinnamic acid derivatives in citrus
fruits (9, 10). Naringin and narirutin, together with hesperidin and
neohesperidin, are the most abundant flavonoids in the edible part
of many species of citrus fruits (3, 11). On the other hand, the
polyphenol content has been studied at length in enological
products, particularly vinegars, such as red wine vinegars (12),
traditional balsamic vinegars (4) and Sherry wine vinegars (6, 13).
Particularly, our research group has previously studied the poly-
phenolic composition of Sherry wine vinegars (14-16). According
to these authors, trans-caftaric acid and trans-p-coutaric acid are the

main hydroxycinnamic acid derivatives present in Sherry wine
vinegars, together with (þ)-catechin and gallic acid, among flavan-
3-ols and benzoic acids.

Several papers suggest that phenolic compounds play an impor-
tant role in the antioxidant activity of fruits, vegetables and all their
derived products. Alonso et al. (15) studied the correlation between
the antioxidant power of brandies and vinegars and their polyphe-
nolic content. In citrus fruits, several studies have tried to establish
the relationship between antioxidant activity (by means of total
antioxidant determination, free radical scavenging activity and
superoxide anion scavenging ability) and polyphenolic concentra-
tion (9,10,17,18).Also, several authors have studied the antioxidant
capacity of some individual phenolic compounds. For instance,
Gorinstein et al. (18) associated the lowest antioxidant activity with
ferulic acid and thehighestwith caffeic acid,whereasMiller et al. (19)
observed that (-)-epicatechin and gallic acid, together with hesper-
idin and narirutin, had a higher antioxidant capacity.

Apart from these findings, nowadays, the enological market is
full of traditional products. With the aim of diversifying it, new
and healthy products derived fromvinegars are now starting to be
developed and studied. Although only a few researches on acetic
fermentation of fruits have been developed in Europe, Japan and
China has got a consolidated industry in this type of products. For
instance, Chang et al. (20) studied the physicochemical properties
of different concentrated fruit vinegars, and subtropical fruit
vinegars have also been analyzed by other authors (21, 22). With
regard to macerated vinegars with fruits, to date no European
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scientific data have been reported in the literature, but some studies
have been found in Asia (23, 24).

The aim of this research is to study the polyphenolic composi-
tion and antioxidant activity (by means of the superoxide anion
scavenging ability) of Sherry wine vinegars macerated with several
fruits. In this way, new vinegar-derived products with higher
functional properties andoptimal organoleptic characteristics have
been developed. Therefore, in order to establish optimal macera-
tion conditions (parts of the fruits, heating, maceration time and
fruit quantity), several assays have been carried out. In addition, a
correlation study between the polyphenolic content and the anti-
oxidant activity has been carried out.

MATERIALS AND METHODS

Samples. A Sherry wine vinegar (nonaged, 7 acetic degrees and 1
alcoholic degree), supplied by a local winery, was employed to carry out
the present research. This vinegar was individually macerated with
different fruits which presented an optimal maturity and health stage:
orange (Citrus sinensis andCitrus aurantium, fromValencia, Spain), lemon
(Citrus limon, from Murcia, Spain), lime (Citrus latifolia, from Mexico),
red grapefruit (Citrus paradisi, from Valencia, Spain) and strawberry
(Fragaria ananassa, from Segovia, Spain). The employed Sherry wine
vinegar without maceration was used during all the process as control
vinegar, maintained under the same conditions as the macerated vinegars.

Development of OptimalMaceration Conditions. First, in order to
establish the optimal conditions of the maceration process, three assays
were carried out. For this approach, orange fruit was selected as represen-
tative of the rest of the studied fruits, because it is one of themost consumed,
extended and previously studied ones.

Three different parameters were taken into account: part of the fruit,
maceration time and heating. Three glass containers were filled with two
liters of Sherry wine vinegar in each one. With the aim of establishing the
most appropriate part of the fruit, 3 � 3 cm pieces of orange were added,
both peel and pulp to one container (400 gþ 250 g), and only peel to other
two containers (400 g). In order to study the temperature effect, heating
(40 �C)was applied in one of the containerswith peel. The experienceswith
heating and pulp plus peel were discarded. The authors thought that the
joint use of both variables, high temperature and pulp, could produce
different and numerous reactions which could deteriorate vinegar’s sensorial
profile. Samplingwas done at 7 and 14 days ofmaceration.All the containers
were continuously stirred at 300 rpm, and every 12 h they were completely
mixed to facilitate a closer contact of the upper material with the vinegar.
Each experiment was carried out in duplicate.

Maceration with Different Fruits. A second scheme of maceration
conditions with different fruits was carried out. The fruits selected were
orange, lemon, lime, grapefruit and strawberry. Two different maceration
times (3 and 7 days) and two different amounts of peel (200 and 400 g)were
studied. In the case of strawberry, 200 and 400 g of the entire fruit was
employed. No temperature was applied in this second scheme of macera-
tion. All the experiments were carried out in duplicate.

Analysis of Polyphenols and Furanic Compounds. UPLC separa-
tion, identification and quantification of phenolic compounds were
performed on a Waters Acquity UPLC system, equipped with a diode
array detector (DAD), according to the method proposed by Schwarz
et al. (25). An Acquity UPLC BEH C18 column (100 � 2.1 mm/ID, with
1.7 μm particle size), also fromWaters, was used. The identification of each
compound was carried out by comparing retention times and UV-vis
spectra with those provided for commercial standards. When commercial
standards were not available, the calibration curves of compounds with
similar chemical structures were used. This was the case of eriocitrin and
neohesperidin, whichwere quantifiedwith the calibration curves of naringin
and hesperidin, respectively. All the analyses were carried out in duplicate.

Several phenolic compounds (such as benzoic acids, hydroxycinnamic
acid derivatives and glycosylated flavanones, the last ones specific to citrus
fruits) and furanic derivatives have been identified in Sherry wine vinegars
macerated with fruits. The identification and quantification of benzoic
acids, furanic derivatives and glycosylated flavanones were made using
the DAD chromatograms obtained at 280 nm, whereas a wavelength of
320 nm was used for the hydroxycinnamic acid derivatives.

Analysis of Antioxidant Activity. In order to determine the anti-
oxidant activity of water-soluble samples by means of superoxide anion
scavenging ability, a method based on photochemiluminescence (PCL)
was used. The photosensitized chemiluminescence was measured with a
Photochem apparatus (Analytik Jena AG, Germany).

An optical excitation of a photosensitizer (luminol) produces free radicals
(superoxide anion radicals), which are partially eliminated from the sample
by reactionwith the antioxidants present in the sample. In themeasuring cell,
the remaining radicals are detected by chemiluminescent reaction with
luminol, and antioxidant activity is determined. Unlike others, this method
is not tied to specific pH values, so it is adequate for vinegar samples. Results
are presented in equivalent concentration units of ascorbic acid.

This analytical method has been previously employed in blood plasma,
drugs and cosmetics (26-28), plants and several fruits (29, 30). However,
no previous data about antioxidant activity in vinegars have been reported
by this technique.

Ascorbic Acid Determination. In order to check the possible influ-
ence of the ascorbic acid content on the antioxidant activity, it was
separately quantified. The vitamin C content in the final vinegars
macerated with fruits was determined by direct titration with iodine (31).
Briefly, 25 mL of the macerated Sherry vinegar and 25 mL of 2 N sulfuric
acid (Scharlau, Barcelona, Spain) was transferred into a 250 mL Erlen-
meyer flask. The mixture was diluted with 50 mL of water and 3 mL of
starch, and 1% (Panreac, Barcelona, Spain) was added as an indicator.
The solution was directly titrated with 0.1 N iodine previously standar-
dized (Panreac, Barcelona, Spain).

Sensory Analysis. The sessions were carried out in a standard tasting
room (UNE 87-004). All evaluations, exclusively orthonasal, were carried
out at 22 �C. Fifteen milliliters of macerated sample was presented in blue
glasses, generally used for olive oil sensory analysis, and covered with a
glass top in order tominimize the possible loss of aroma. The panel judges
(number of judges: 15), all of whom were laboratory personnel, were
submitted to a training period about general and specific sensorial aspects.

A structured five-point scale (UNE 87020 equivalent to ISO 4121:1987)
was used to quantify the general impression: bad (0), mediocre (1),
acceptable (2), good (3) and very good (4).

Statistical Analysis.Analysis of variance (ANOVA), Student’s t test,
correlation analysis (CA) and principal component analysis (PCA) using
the statistical computer packages Statgraphics Centurion, version 15.0
(Statpoint Inc., USA), and SPSS Statistics version 15.0 (SPSS Inc., IL,
USA) for Windows XP were performed.

RESULTS AND DISCUSSION

Optimal Maceration Conditions.After preference evaluation of
a panel of expert assessors in sensory analysis, and taking also into
account superoxide anion scavenging ability values (antioxidant
activity) (Table 1), optimal maceration conditions were selected.
As can be seen, Sherry wine vinegars macerated only with peel
presented higher antioxidant activity values than those macerated
with both peel and pulp. In addition a longer maceration time
(14 days) did not significantly increase antioxidant activity.

In relation to the general impression determined by sensory
analysis, for each sample, both the average value and the standard
deviation for all the tasters were calculated: peel without heating
after 7 days, 3.5( 0.4; peel without heating after 14 days, 2.8( 0.6;

Table 1. Study of the Optimal Maceration Conditionsa

time

(days) heating

peel/peel

þ pulpb

superoxide anion

scavenger ability

(mmol/L ( SD)

7 yes P 3.273 ( 0.063

7 no P 3.058( 0.005

7 no PP 2.756( 0.063

14 yes P 3.586( 0.017

14 no P 3.045( 0.121

14 no PP 2.820( 0.040

aMean values (n = 4). Fruit: orange. bP, peel; PP, peel þ pulp; SD, standard
deviation.
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peel with heating after 7 days, 3.2 ( 0.3; peel with heating after
14 days, 2.3( 0.4; peel and pulp without heating after 7 days, 2.5(
0.6; peel and pulp without heating after 14 days, 1.7( 0.7. Among
the vinegarsmaceratedwith only peel, the onewithout heating after
oneweek reached thehighest value (3.5(0.4),while that elaborated
by using heating after 2 weeks was the worse valued (2.3( 0.3). As
can be seen, shorter periods of time (7 days) were preferred, and
heating deteriorated the aromatic profile of macerated samples.

Therefore, and taking into account that the final product was
mainly focused on the consumers, the following conditions were
fixed for subsequent macerations: employing only the peel, with-
out heating and with a maximum time of maceration of 7 days.
The fact of not heating during the maceration process provides a
wider scope to be proposed as a new development method of
vinegar-derived products for the industrial sector.

Vinegars Macerated with Different Fruits. Polyphenolic Com-

position. Taking into account the previous results, later macera-
tions using the achieved optimal conditions were carried out with
different fruits (orange, lemon, lime, grapefruit and strawberry).
Two different maceration times (3 and 7 days) and two different
amounts of peel (200 and 400 g) were studied.

Eighteen polyphenolic compounds and furanic derivatives
were determined in the studied samples, and their concentrations
in the different macerated vinegars as well as in the control
vinegar (without maceration) are presented in Table 2. As can be
seen, in general terms, all the vinegars macerated with fruits
increased their individual polyphenolic concentration. Moreover,
as it is logical, some new compounds, not found in the control
Sherry vinegar,were transferred to it during themacerationprocess.
On the one hand, some compounds were ceded to the vinegars in a
large extent (on the order of g/L). Hesperidin was the main
compound detected in vinegars macerated with lemon, which was
in agreement with Grandi et al. (32), and it was also found in those
vinegars macerated with orange, lime and grapefruit (33-35).
Naringin was detected in vinegars macerated with grapefruit, being
the polyphenolic compound with the highest concentration when
this fruitwasused.This factwaspreviously reportedbyHsuet al. (35)
who described this compound as the main one in grapefruit juices.
It was also present, but in a lower level, in vinegars macerated with
orange and lime. Finally, neohesperidin was found in vinegars
macerated with orange, lemon and grapefruit in a high level of
concentration. On the other hand, some compounds not present in
the control vinegarwere detected in themacerated vinegars, but in a
minor level of concentration (on the order of mg/L). These were
gentisic acid and ferulic acid, found in vinegars macerated with
orange, lemon, and grapefruit; eriocitrin, which was detected in
vinegars macerated with lime and grapefruit; and narirutin, which
was in those macerated with orange, grapefruit and strawberry.

In addition, typical polyphenolic compounds from Sherry
vinegar (e.g.: gallic acid, protocatechuic acid, p-hydroxybenzal-
dehyde, caffeic acid, etc.) were also determined in the macerated
vinegars with concentration values similar to those found in the
literature (15, 16). However, some compounds from the control
vinegar were not found in some of the macerated vinegars such as
furfural in orange, lemon, lime and grapefruit macerations or
protocatechualdehyde and tyrosol in vinegars macerated with
lime and grapefruit. This fact could be explained by taking into
account possible interference of other nonidentified compounds
derived from the fruits that could affect the identification of the
studied compounds and/or possible losses by adsorption of these
compounds to the solids during maceration. Further studies
could be done in order to clarify this point.

In order to study statistically the differences in the polyphe-
nolic content of all the samples, polyphenol data were submitted
to analysis of variance. In this case, three independent factors

were considered: fruit, amount of peel and maceration time. As
can be seen in Table 3, the most significant factor was fruit (p<
0.01) followed by amount of peel, significant for protocatechuic
acid, hesperidin, naringin, cis-p-coutaric acid, and ferulic acid.
Hesperidin and naringin exhibited clear increases as the amount
of peel increased. The factor time was practically not significant
for any polyphenol. So, a less time-consuming process for the
development of this new type of vinegar could be proposed.

Figure 1 shows the UPLC chromatograms at 280 nm of the
Sherry wine vinegars macerated with all studied fruits and the
control vinegar without any maceration. As can be seen, vinegar
macerated with strawberry presented the most similar polyphe-
nolic profile to the control vinegar, i.e., it was the fruit that
provided less polyphenolic compounds to the macerated vinegar
(only narirutin). Vinegar macerated with orange was the vinegar
with more additional compounds, and, in addition, some poly-
phenols already present in the control vinegar, such as p-hydro-
xybenzaldehyde, cis-p-coutaric acid and caffeic acid, increased
their concentrations with this maceration as well (Table 2).

This fact could be corroborated with the principal component
analysis (PCA) that was carried out on polyphenols.When the set
of data was subjected to PCA, five significant PCs arose accord-
ing to Kraiser’s criterion (eingenvalues >1). Figure 2 shows the
score plot of the first two PCs, which explained 57.12% of the
total variance of the polyphenols. As can be seen, almost all
samples are clearly grouped according to the fruit employed in the
maceration. The group of the most similar samples to the control
vinegar was the one formed by the samples macerated with
strawberry, as it was previously noticed. Orange maceration
provided the most different vinegars to the control vinegar, and
samples macerated with lime, lemon and grapefruit were placed
in an intermediate position. The variables with a higher weight
for the principal component 1 (39.53% of total variance) mainly
were protocatechualdehyde, tyrosol and t-caftaric acid. For the
second factor, principal component 2 (17.59% of total variance),
p-hydroxybenzaldehyde, naringin, narirutin, cis-p-coutaric acid
and gentisic acid were the main constituents.

Vinegars Macerated with Different Fruits. Antioxidant Activity.

Antioxidant activity of all macerated vinegars, and of the control
vinegar without maceration, was measured by means of super-
oxide anion scavenging ability (Table 4). It is worth mentioning
that antioxidant activity of Sherry wine vinegars significantly
increased when they were macerated with the majority of the
fruits in the studied conditions, with the exception of strawberry,
according to Student’s t test (Table 4). So, in most cases, more
healthful products were developed by macerating fruits and
vinegar. Analysis of variance (Table 4) revealed, in most cases,
as significant factors for antioxidant activity the three factors
considered: fruit, amount of peel and maceration time.

By far, the maximum values were found when the vinegar was
macerated with lemon peel, especially with 400 g of peel. These
values increased significantly (more than 100% of increase) in
relation to those obtained employing a minor amount of peel
(200 g). Miller et al. (19) reported very high levels of antioxidant
activity in fruit juices due to the presence of hesperidin, which is
the main polyphenolic compound in the vinegars macerated with
lemon, as it was previously stated. In general for the rest of the
fruits, significant increases of antioxidant activitywere also found
when higher amount of peel and maceration time were used, with
the exception of maceration time for lime.

The high amount of ascorbic acid that is present in the studied
fruits iswell-known (36), and it has been related to the antioxidant
activity of fruit juices by Miller et al. (19). In order to check if
the final ascorbic acid content of the macerated vinegars could
have influence on their antioxidant activity, it was quantified in
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the samples macerated during 7 days with 400 g of fruit peel
(Figure 3). As can be seen, allmacerated vinegars presented higher
levels of ascorbic acid than control vinegar (11.50 mg/L), all of

them very similar and ranging between 13.53 and 17.25 mg/L.
These values were statistically different from those corresponding
to the control vinegar (p < 0.01).

On the onehand, themaximumvaluewas achievedby the vinegar
macerated with strawberry, just the one which had the lowest
antioxidant activity. On the other hand, vinegar macerated with
lemon, which had by far the highest superoxide anion scavenging
ability value, and thus antioxidant activity, presented values of
ascorbic acid similar to those vinegars macerated with other fruits.

So, it is logical that, when these data were submitted to correla-
tion analysis (CA), the results obtained (Pearson correlation coeffi-
cient = 0.230; p = 0.236) revealed that these two parameters,

Figure 1. UPLC chromatograms at 280 nm of Sherry vinegars macerated with fruits (400 g of peel, 7 days). Legend: Control Sherry vinegar (a); Sherry vinegar
macerated with strawberry (b), orange (c), lemon (d), grapefruit (e) and lime (f).Identified compounds: 1, gallic acid; 2, 5-hydroxymethyl furfural; 3, protocatechuic
acid; 4, trans-caftaric acid; 5, furfural; 6, protocatechualdehyde; 7, gentisic acid; 8, trans-p-coutaric acid; 9, cis-p-coutaric acid; 10, tyrosol; 11,p-hydroxy-benzaldehyde;
12, caffeic acid; 13, ferulic acid; 14, eriocitrin; 15, narirutin; 16, naringin; 17, hesperidin; 18, neohesperidin.

Table 3. ANOVA Analysis Applied to Polyphenolic Compounds and Furanic
Derivatives

fruit amount time

polyphenols and

furanic derivatives F p F p F p

gallic acid 42.94 0.0000a 5.54 0.0248 6.88 0.0131

5-OH-methylfurfural 104.52 0.0000a 0.07 0.7993 0.15 0.6994

protocatechuic acid 2.07 0.1066 19.56 0.0001a 4.96 0.0329

furfural 269.21 0.0000a 0.17 0.6808 7.75 0.0088a

p-OH-benzaldehyde 5.96 0.0010a 0.17 0.6808 1.85 0.1825

protocatechualdehyde 864.13 0.0000a 1.97 0.1695 0.01 0.9100

narirutin 65.53 0.0000a 3.39 0.0748 2.12 0.1548

tyrosol 75.45 0.0000a 2.59 0.1173 0.76 0.3905

eriocitrin 65.86 0.0000a 6.89 0.0130 0.17 0.6836

hesperidin 64.11 0.0000a 18.64 0.0001a 0.78 0.3833

naringin 33.69 0.0000a 9.96 0.0034a 0.23 0.6368

neohesperidin 104.01 0.0000a 6.42 0.0162 1.41 0.2436

t-caftaric acid 182.77 0.0000a 0.05 0.8217 1.31 0.2614

t-p-coutaric acid 3.92 0.0103 2.50 0.1237 4.28 0.0465

c-p-coutaric acid 8.92 0.0001a 12.97 0.0010a 0.32 0.5780

gentisic acid 34.39 0.0000a 6.66 0.0145 4.35 0.0447

caffeic acid 11.94 0.0000a 0.72 0.4025 0.05 0.8200

ferulic acid 40.94 0.0000a 16.73 0.0003a 0.33 0.5675

aValues are significant at p < 0.01.

Figure 2. Plot of the studied vinegar samples in the space defined by the
first two principal components (PC)with regard to polyphenolic compounds
and furanic derivatives.
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antioxidant activity and ascorbic acid content, in the samples
studied, were not correlated.

Therefore, all of this let us conclude that the increase in
ascorbic acid content after maceration did not affect antioxidant
activity of macerated vinegars. This fact is in concordance with
Rapisarda et al. (9), who pointed out that ascorbic acid only
played a minor role in the antioxidant efficiency of orange juices,
and with Tabart et al. (37), whose work revealed that all studied
phenolic compounds, such as gallic acid and hesperidin, showed a
greater antioxidant capacity than ascorbic acid. However, other
authors (38) observed that ascorbic acid played a high role for the
antioxidant capacity of citrus juices, higher than that played by
certain glycosylated flavanones. These authors explained these
contradictory results on the basis of factors such as citrus variety,
maturity, material preparation and methodology used to deter-
mine the antioxidant activity.

Correlation Study.Correlation coefficients of superoxide anion
scavenging ability (antioxidant activity) and individual polyphe-
nols are shown in Table 5. The antioxidant activity of the vinegars
maceratedwashighly correlated (p<0.01)with several polyphenols,
especially with naringin, hesperidin, neohesperidin and gentisic
acid. The rest of the polyphenols, most of them phenolic acids,
showed a nonsignificant correlation with antioxidant activity. Xu
et al. (38) found that the flavanone glycosylates narirutin, naringin,
hesperidin and neohesperidin showed a higher correlation with the
antioxidant activity of citrus juice than certain phenolic acids
(caffeic acid, ferulic acid, protocatechuic acid and p-coumaric acid).

In summary, the results obtained indicate that several phenolic
compounds are extracted from the fruit employed during the
vinegar maceration process and that this enrichment implies a
higher antioxidant activity of the macerated vinegars. Among the
phenolic compounds found in the macerated vinegars, those with
higher antioxidant activity were several glycosylated flavanones
(hesperidin, neohesperidin and naringin). So, it can be concluded
that the optimalmaceration conditions (fruit peel, no heating and
only 3 days) produced new Sherry wine vinegars with higher

functional properties and optimal organoleptic characteristics.
This new proposed process could be easily employed by any
vinegar maker company, and it will allow diversification of its
production and to develop a final vinegar derivative that could
have many beneficial effects on the final consumers, regularly
employed as food dressing.
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Analysis of polyphenolic compounds of different vinegar samples.Z.
Lebensm.-Unters. Forsch. 1994, 199, 29-31.

(15) Alonso, A. M.; Castro, R.; Rodrı́guez, M. C.; Guillén, D. A.;
Barroso, C. G. Study of the antioxidant power of brandies and
vinegars derived from Sherry wines and correlation with their
content in polyphenols. Food Res. Int. 2004, 37, 715-721.

(16) Jayaprakasha, G. K.; Bhimanagouda, S. P. In vitro evaluation of the
antioxidant activities in fruit extracts from citron and blood orange.
Food Chem. 2007, 101, 410-418.

(17) Durán Guerrero, E.; Castro Mejı́as, R.; Natera Marı́n, R.; Palma
Lovillo, M.; Garcı́a Barroso, C. A new FT-IR method combined with
multivariate analysis for the classification of vinegars from different raw
materials and production processes. J. Sci. Food Agric. 2009, 90,
712-718.

(18) Gorinstein, S.; Haruenkit, R.; Park, Y. S.; Jung, S. T.; Zachwieja, Z.;
Jastrzebski, Z.; Katrich, E.; Trakhtenberg, S.; Martı́n-Belloso, O.
Bioactive compounds and antioxidant potential in fresh and dried
Jaffa sweeties, a new kind of citrus fruit. J. Sci. Food Agric. 2004, 84,
1459-1463.

(19) Miller, N. J.; Rice-Evans, C. A. The relative contributions of
ascorbic acid and phenolic antioxidants to the total antioxidant
activity of orange and apple fruit juices and blackcurrant drink. Food
Chem. 1997, 60, 331-337.

(20) Chang, R. C.; Lee, H. C.; Ou, A. S. Investigation of the physico-
chemical properties of concentrated fruit vinegar. Yaowu Shipin
Fenxi 2005, 13, 348-356.

(21) Ma, C.; Huang, Q.; Yu, J.; Zhong, Z.; Li, Y.; Gao, Y. Brewing
technology of water chestnuts healthy vinegar. Shipin Kexue 2007, 28
(8), 178-181.

(22) Su, M. S.; Chien, P. J. Antioxidant activity, anthocyanins, and
phenolics of rabbiteye blueberry (Vaccinium ashei) fluid products as
affected by fermentation. Food Chem. 2007, 104, 182-187.

(23) Zhou, G.; Wang, F.; Zhang, Y. Research on the vinegar fermenta-
tion of Carica papaya with compounded fruit. Shipin Kexue 2005, 26
(10), 274-276.

(24) Wu, B.; Wang, R.; Wang, J.; Jia, Z. New-type aromatic vinegar
beverage. Zhongguo Tiaoweipin 2007, 10, 44-47.

(25) Scharwz, M.; Rodrı́guez, M. C.; Guillén, D.; Barroso, C. G. Devel-
opment and validation of UPLC for the determination of phenolic
compounds and furanic derivatives in Brandy de Jerez. J. Sep. Sci.
2009, 32, 1782-1790.

(26) Lewin,G.; Popov, I. Photochemiluminescent detection of antiradical
activity; III: a simple assay of ascorbate in blood plasma. J. Biochem.
Biophys. Methods 1994, 28, 277-282.

(27) Popov, I. N.; Lewin, G. Photochemiluminescent detection of anti-
radical activity: II. Testing of nonenzymic water-soluble antioxi-
dants. Free Radical Biol. Med. 1994, 17, 267-271.

(28) Popov, I. N.; Lewin, G. Photochemiluminescent detection of
antiradical activity. VI. Antioxidant characteristics of human
blood plasma, low density lipoprotein, serum albumin and
amino acids during in vitro oxidation. Luminescence 1999, 14,
169-174.

(29) Pegg, R. B.; Amarowicz, R.; Naczk, M.; Shahidi, F. PHOTO-
CHEMÒ for determination of antioxidant capacity of plant extracts.
In Antioxidant Measurement and Applications; ACS Symposium
Series 956; American Chemical Society: Washington, DC, 2007; pp
140-158.

(30) Miron, T. L.; Gazi, I.; Plaza Del Moral, M. Romanian aromatic
plants as sources of antioxidants. Innovative Rom. Food Biotechnol.
2010, 6, 18-24.

(31) Suntornsuk, L.; Gritsanapun, W.; Nilkamhank, S.; Paochom, A.
Quantitation of vitamin C content in herbal juice using direct
titration. J. Pharm. Biomed. Anal. 2002, 28, 849-855.

(32) Grandi, R.; Trifiro, A.; Gheradi, S.; Calza, M.; Saccani, G. Char-
acterization of lemon juice on the basis of flavonoid content. Fruit
Proc. 1994, 11, 355-359.

(33) Kelebek, H.; Selli, S.; Canbas, A.; Cabaroglu, T. HPLC determina-
tion of organic acids, sugars, phenolic compositions and antioxidant
capacity of orange juice and orange wine made from a Turkish cv.
Kozan. Microchem. J. 2009, 91, 187-192.

(34) Mouly, P. P.; Arzouyan, C. R.; Gaydou, E. M.; Estienne, J. M.
Differentiation of citrus juices by factorial discriminant analysis
using liquid chromatography of flavanone glycosides. J. Agric. Food
Chem. 1994, 42, 70-79.

(35) Hsu,W. J.; Berhow,M.; Robertson, G. H.; Hasegawa, S. Limonoids
and flavonoids in juices of Oroblanco and Melogold grapefruit
hybrids. J. Food Sci. 1998, 63, 57-60.

(36) Kabasakalis, V.; Siopidou, D.; Moshatou, E. Ascorbic acid content
of commercial fruit juices and its rate of loss upon storage. J. Agric.
Food Chem. 2000, 70, 325-328.

(37) Tabart, J.; Kevers, C.; Pincemail, J.; Defraigne, J. O.; Dommes, J.
Comparative antioxidant capacities of phenolic compounds mea-
sured by various tests. Food Chem. 2009, 113, 1226-1233.

(38) Xu, G.; Liu, D.; Chen, J.; Ye, X.; Ma, Y.; Shi, J. Juice components
and antioxidant capacity of citrus varieties cultivated in China. Food
Chem. 2008, 106, 545-551.

Received for review July 29, 2010. Revised manuscript receivedOctober

7, 2010. AcceptedOctober 13, 2010.We thankConsejerı́a de Educación

y Ciencia de la Junta de Comunidades de Castilla-La Mancha,

y del Fondo Social Europeo as financial institutions.


