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ABSTRACT

Food preparations containing substances with antioxidant activity have considerably aroused the interest
of consumers, which has led to the marketing of a number of dietary supplements such as resveratrol, hes-
peridin or chlorogenic acid. On the other hand, natural antioxidants present in citrus fruit juices, together
with dietary supplements, could contribute to an enhancement of their antioxidant properties and, in turn,
alter their physiological impacts. The aim of the study was to evaluate the effect of supplementation of fresh-
ly squeezed citrus juices with resveratrol, hesperidin and chlorogenic acid on the in vitro antioxidant po-
tential of the juices. The solutions of juices, selected polyphenols and the mixtures of solutions of juices and
solution of polyphenols were analyzed to determine total polyphenol concentration using the Fast Blue me-
thod and total antioxidant potential by the ABTS method. As a result three different types of interactions
were established: synergistic of chlorogenic acid which additionally increased the antioxidant potential by
35 - 38% over theoretical predictions, additive — after addition of resveratrol, and antagonistic - in the case
of hesperidin. While the antioxidant potential was substantially higher in the mixture of mandarin juice
with chlorogenic acid, the measured total polyphenol concentration decreased. Also a considerable decrease
in the concentration of polyphenols was measured in the mixtures of mandarin and orange juices with res-
veratrol, all these possibly due to the sensitivity to other substances present in juices of the analytical meth-
od applied. A correlation between antioxidant potential of all examined solutions and total polyphenol con-
centration was found (r>=0.8879).
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led to the marketing of a number of dietary supple-
ments containing polyphenols such as resveratrol,
hesperidin or chlorogenic acid. According to the lat-
est review (1) resveratrol has therapeutic potential
for cardiovascular protection and prevention similar
to other known natural antioxidants such as co-en-
zyme Q10 and to omega-3 fatty acid. Nevertheless, it
remains a pharmaceutical challenge to effectively de-
liver resveratrol systemically to increase its oral bio-
availability (2). Hesperidin is also an interesting com-
pound according to a recent review on preclinical
studies and clinical trials demonstrating therapeuti-
cal effects in various diseases (3). The wide range of
potential health benefits of chlorogenic acid, includ-
ing its anti-diabetic, anti-carcinogenic, anti-inflam-
matory and anti-obesity impacts have recently been
reviewed as well (4).

On the other hand, antioxidants are present in
citrus fruit juices (5), which taken together with di-
etary supplements could contribute to an enhance-
ment of their antioxidant properties. When foods are
consumed together, the total antioxidant capacity of
food mixtures may be modified via synergistic, addi-
tive, or antagonistic interactions among these com-
ponents, which may in turn alter their physiological
impacts (6).

AIM

The aim of the study was to evaluate the effect
of supplementation of freshly squeezed citrus juic-
es with selected polyphenols, resveratrol, hesperidin
and chlorogenic acid, on the in vitro antioxidant po-
tential of the juices.

MATERIALS AND METHODS

The juices from peeled off fruits - limes (L),
mandarins (M) or oranges (O) were obtained using
a mechanical squeezer (Angel, Angel Co., South Ko-
rea), then centrifuged (Centrifuge MPW 365, Preci-
sion Mechanics, Warsaw, Poland) and diluted (1:20,
v/v) in distilled water. Even though methanol is toxic
to humans, for the needs of the current study poly-
phenols were disolved in methanol, which is the best
solubilizer for the tested substances, to ensure the
presence of a maximum amount of the substance.
Twenty milligrams of appropriate polyphenol: chlo-
rogenic acid (Ch), resveratrol (R), or hesperidin (H) (
Sigma — Aldrich, Germany) were dissolved in 10 ml

of methanol (Chempur, Piekary Slaskie, Poland), and
diluted (1:20, v/v) in methanol. Then the diluted juic-
es were mixed with diluted polyphenols in a ratio 1 to
1. Finally, all the obtained solutions of juices, selected
polyphenols and the mixtures of solutions of juices
and solution of selected polyphenols were analyzed
in order to determine total polyphenol concentration
using the Fast Blue method as described by Medina
(7). The method is based on interactions of phenolics
with Fast Blue BB diazonium salt in alkali pH, form-
ing azo complexes, with the absorbance measured at
420 nm after 60 min. The total polyphenol concen-
tration was expressed as a mean in mg of gallic acid
equivalents (g/1 of sample).

Total antioxidant potential was analyzed using
the method of Re et al. (1999) (8), as described earli-
er (9). In brief, the method is based on the consump-
tion by available antioxidants of the preformed in
the presence of potassium persulphate [2,2’-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid)] cation rad-
ical (ABTS+), the absorption maximum of which is
at 734 nm. The extent of discoloration of the blue-
green color as percentage inhibition of the ABTS+
radical correlates to the concentration of antiox-
idants and is calculated relative to the reactivity of
Trolox, a water-soluble analog of vitamin E sold by
Hoffman-LaRoche, (6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid) by standard. The total
antioxidant potential was expressed as Trolox equiv-
alent antioxidant capacity (mmol/l of sample).

SP-830 Plus (Metertech, Taiwan) spectropho-
tometer was used to perform the measurements. All
determinations were made in four replications. Re-
sults are present as mean+SD.

The hypothesis concerning the compatibility of
the distribution of a given parameter with the nor-
mal distribution was verified by the Shapiro-Wilk
test using the STATISTICA v. 10.0 computer pro-
gram (StatSoft, Tulsa, Oklahoma). The comparisons
between the two groups were made using Student’s ¢-
test for independent trials. The relationship between
the two variables was determined using the Pearson’s
linear correlation coefficient. P value <0.05 was con-
sidered as statistically significant.

RESULTS AND DISCUSSION

The values of the antioxidant potential of the
solutions of juices and selected polyphenols as well as
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experimentally determined total polyphenol concen-
trations are listed in Table 1.

The data in the Table 1 shows that the best an-
tioxidant potential and the highest polyphenol con-
centration was measured for the solution of resvera-

Table 1. Antioxidant potential (ABTS) and polyphenol
concentrations of citrus juices and selected polyphenol

solutions
Antioxi- Total
dant poten-
. Polyphenols
tial ABTS [g/1] + SD
[mmol/] tSD T

Lime 3.02+0.23 3.59+0.23
Mandarin 4.02+0.32 1.87+£0.21
Orange 6.14+0.54 2.86+0.22
Chlorogenic acid 3.77£0.36 3.91+0.25
Resveratrol 23.93+0.78 11.9+£0.29
Hesperidin 2.73+£0.36 3.09+0.31

trol. The solutions of orange juices exhibited the best
antioxidant potential, however, the highest polyphe-
nol concentration was measured for the solution of
lime juice. Nevertheless, correlation between the an-
tioxidant potentials and the total polyphenol concen-
trations seemed to be rather good (r’=0.8349).

Table 2 summarizes the data obtained for mix-
tures of juices with polyphenols solutions. The col-
umns labelled “calculated” show the numbers cal-
culated from the data in the Table 1, taking into ac-
count that the juice solutions and polyphenol solu-
tions were mixed at the ratio 1 to 1. The columns la-
belled “measured” present the values obtained in real
experiments when the solutions of juices were mixed
with the solutions of polyphenols and then analyzed.

The data in Table 2 shows considerable discrep-
ancies between the calculated and experimental re-
sults, which indicates that in the majority of cas-
es interactions between the added polyphenols and
the constituents of the juices do exist. In order to ex-

Table 2. Summary of the calculated and experimentally obtained results of antioxidant potential (ABTS) and polyphe-

nol concentration for mixtures of juices and polyphenol solutions;
* - difference is statistically significant, ns - lack of statistical significance

‘ Calculated ‘ Measured ‘

Antioxidant

Antioxidant [RSiEtsEs &

Calculated ‘ Measured ‘

Juice+polyphenol — ] signifi- Total Poly- = Total Poly- ‘Staflc':tlcal

ABTS ABTS cance phenols phenols  [EFiitel S
[mmol/I] [mmol/1] [g/1] [g/1]

ILl;fl:JdChlorOge’ 3.40+0.21 14.70+0.36 * 3.75+0.14  14.1140.35 *

Lime + resveratrol 13.48+0.58 13.74+0.62 ns 7.75+0.41 8.19+0.37 ns

Lime + hesperidin 2.88+0.11 12.49+0.24 * 3354012 12.67+0.31 *

lc\flal‘é‘iagr;li:ad 4 3.90+0.23 15.27+0.28 * 2.89+0.14  12.54+0.13 *

fg:vne‘izggf 13.98+0.53 13.52+0.65 ns 6.89+0.31  15.87+0.28 *

Mandarin + . .

hesperidin 3.38+0.22 12.6140.23 2.48+0.18  11.88+0.26

?hrlfr’ﬁ;;ic reid 4.96+0.51 16.85+0.64 * 3.39+0.17  13.96+0.24 *

?engjt:ol 15.04+0.39 15.0140.59 ns 7.38+0.36  16.21+0.29 *

I?er:ngr? dJ;n 4.44%0.1 14.16+0.13 * 2.98+0.19  12.63+0.17 *
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amine them more thoroughly, the next two figures
(Fig. 1 and Fig. 2) present data in graphs in which the
baseline stands for calculated values and the differ-
ences in plus and in minus can be clearly seen.
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Fig. 1. Difference [%] (measured vs. calculated) in the an-
tioxidant potential of solutions of citrus juices (J) mixed
with chlorogenic acid (J+Ch), resveratrol (J+R) and hes-
peridin (J+H), respectively
20 17
15 +

10

J+ch R J4H Lime
L | = Mandarin
-10 + ® Orange
a5 -12 . |-12

15
=20 -
‘20 |

-25 - -
.24

30
Fig. 2. Differences [%] (measured vs. calculated) in the to-
tal polyphenol concentration of solutions of citrus juices
(J) mixed with chlorogenic acid (J+Ch), resveratrol (J+R)
and hesperidin (J+H)

Three different types of interactions are visual-
ized on Fig. 1 and are as follows: synergistic - when
addition of chlorogenic acid to the juices solutions
increases the antioxidant potential by 35 — 38% over
theoretical predictions, additive — after addition of
resveratrol, and antagonist - in the case of hesper-
idin. These results confirm the previously estab-
lished finding of Wang et al. (2011) (6). The results
presented on Fig. 2 were in this line only in case of

hesperidin. The findings about the mixture of man-
darin juice with chlorogenic acid are especially sur-
prising because the measured total polyphenol con-
centration decreased while the antioxidant potential
was substantially higher. Also, the considerable de-
crease in the measured polyphenol concentrations
in the mixtures of mandarin and orange juices with
resveratrol is difficult to explain. It is therefore pos-
sible that the analytical method applied is sensitive to
other substances present in juices. Nevertheless, cor-
relation between the antioxidant potential of all ex-
amined solutions and the total polyphenol concen-
tration was rather good (r’=0.8879), as presented on
the Fig. 3.
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Fig. 3. Correlation between the antioxidant potential and
total polyphenol concentration of solutions of selected
polyphenols (squares), juices (diamonds) and mixtures of
juices and solutions of seleceted polyphenols (triangles)

CONCLUSION

1. The antioxidant potential of the juices was
modified via synergistic interactions after ad-
dition of chlorogenic acid, additive interactions
with resveratrol and antagonistic ones with
hesperidin.

2. Antioxidant potential generally correlates well
with measured total polyphenol concentration;
however, some derogations, which could be re-
lated to the applied analytical methods, were
observed.

Perhaps optimized mixtures of fresh juices
and natural extracts containing a variety of antiox-
idants can be effectively used in different combina-
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tions as substituents of synthetic antioxidants and

this should be explored in future studies.
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