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Nowadays, people are focusing on antioxidant-rich food due to its beneficial effect on health. Thus, the goal of this
study was to investigate the interactions between catechin, quercetin, and gallic acid in the presence of sugars
(sucrose and trehalose) in complex food matrix such as pomegranate juice. Antioxidant activity (AOA) was
measured by three different methods, DPPH and ABTS radical scavenging activity and ferric reducing antioxidant
power (FRAP). In this paper, fundamental differences among used AOA measuring methods were confirmed, which
can be traced back to interactions occurring between phenols and/or sugars. Even though addition of individual
phenols increased AOA of mixtures, in the majority of binary and ternary mixtures antagonistic effects were
observed. Positive effect of sugar addition was more pronounced in binary mixtures but the results were highly
dependent on used AOA method.
Keywords: pomegranate juice, sugars, phenols, interactions, synergism, antagonism

Pomegranate (Punica granatum L.) is one of the oldest edible fruit widely grown in many
tropical and subtropical countries (CaM et al., 2009). Pomegranate is highly valued for its
health-promoting effects (AviRam & RosensLAT, 2012). These beneficial health effects have
been attributed to phenolic components of which the most abundant are anthocyanins,
catechins, ellagic tannins, etc. (PoyrazoGLu et al., 2002). These phenols contribute to the
high antioxidative activity (AOA) of the fruit (Cam et al., 2009). Processed fruit and
vegetables show a reduction of AOA compared to fresh ones, mainly due to the oxidation of
phenols. Therefore, much research has been devoted to preserving or increasing phenol
contents and antioxidant activity of various fruit products. Current studies showed that phenol
stability could be affected by addition of sugars (SabpiLova et al., 2009; PemnaDo et al., 2010;
LoncariC et al., 2014) and through flavonoid—flavonoid interactions. Studies dealing with
flavonoid—flavonoid interactions reveal synergistic and antagonistic effects of such
interactions (PIGNATELLI et al., 2000; HipaLco et al., 2010; HaJimMEHDIPOOR et al., 2014).
Hanmenpipoor and co-workers (2014) reported considerable synergistic effect in binary
combination of gallic acid and caffeic acid (137.8%) using the FRAP assay. Furthermore,
PioNATELLI and co-workers (2000) found that combination of quercetin and catechin has
synergistic effect on platelet adhesion to collagen and collagen-induced platelet aggregation
due to their antioxidant activity. However, HEo and co-workers (2007) did not find any
synergistic effect between the assayed flavonoids by using the ABTS method and expressing
results as vitamin C equivalent. Accordingly, the aim of this study was to investigate the
phenol—phenol and phenol-sugar interactions in real food matrix and pomegranate juice on
their antioxidant activity.
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1. Materials and methods

1.1. Sample preparation

Samples were prepared by adding 2.5 ml of 1 mmol 1" catechin (C), quercetin (Q), and gallic
acid (G) and 0.5 ml of 0.5 mol I sugars (sucrose and trehalose) to pomegranate juice (PJ);
end volumes were 25 ml. In binary mixtures, phenols were mixed in ratio 1:1, and in ternary
mixtures phenols were mixed in ratio 1:1:1. The concentration of sugars was 0.5 mol ! in all
mixtures. Prepared samples were stabilized at room temperature prior determination of
parameters. Pomegranate juice without addition of phenols and sugars was used as control
sample.

1.2. Determination of total phenolics

Concentration of total polyphenols was estimated by the Folin—Ciocalteau method, with
absorbance monitored at 765 nm (Cary 60, UV-Vis, Agilent Technologies, Malaysia)
according to the method described by SINGLETON and Rossi (1965). The obtained values were
interpolated on a gallic acid calibration curve and expressed as pg of gallic acid equivalents
per ml of pomegranate juice (ug GAE/ml).

1.3. Total monomeric anthocyanin content determination and polymeric colour

Monomeric anthocyanins and percentage of polymeric colour were determined using the method
described by Giusti and WroLstap (2001). Total monomeric anthocyanins were expressed as
cyanidin-3-glucoside, and the obtained values were expressed as pg per ml (ug ml™).

1.4. Antioxidant activity

Antioxidant activities of the samples were determined by the radical scavenging activity
method using DPPH, ABTS, and FRAP assays described by Lon¢aric¢ and co-workers (2016).
The results of antioxidant activities were expressed as umol of trolox equivalents per 100 ml
of pomegranate juice (umol TE/100 ml).

1.5. Statistical analysis

The dilution factor of the components after addition of sugars is included in the calculation
of parameter values. All measurements were done in triplicate and data were expressed as
mean + standard deviation. The experimental data were subjected to one-way analysis of
variance (ANOVA), and Fisher’s LSD was calculated to detect significant difference (P<0.05)
between the mean values. MS Excel (Microsoft Office 2007 Professional) statistical program
was used for statistical analysis. Pearson’s correlation coefficient (P<0.05) was calculated
using Microsoft Excel 2007.

2. Results and discussion

Results of total polyphenol content are presented in Table 1. Pomegranate juice (PJ) without
addition of phenols had the total polyphenolic content (TPC) of 889.50 pg GAE/ml. Addition
of C and G increased TPC with 8% and 4%, respectively. Synergistic effect, but with no
significant difference, has been observed in mixtures of PJ-CQ and PJ-QG. The highest TPC
(1035.4 pg GAE/ml) was measured in PJ-CQG. Comparing these results with theoretical
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values calculated by adding up the individual effects of compounds (catechin, quercetin, and
gallic acid) on TPC, it can be established whether a synergistic or antagonistic effect occurred.
The obtained results indicate that the majority of the mixtures showed a higher TPC compared
to their total theoretical values. Furthermore, addition of trehalose in mixtures increased TPC
of mixtures for an average 8%. The highest impact was observed in PJ-Q, by addition of
trehalose the increase of TPC was 27%. In PJ-QG, by addition of trehalose we observed a 4%
decrease of TPC compared to the mixture without added trehalose. Addition of sucrose had
positive effect only on mixture PJ-Q, where an increase (6%) of TPC was observed, while in
other mixtures a decrease of TPC was found. The average decrease of TPC was 6%.

Table 1. Phenol content, anthocyanin content, and polymeric colour of pomegranate juice with addition
of phenolics and sugars

Phenol PJ PJ+T PJ+S
Phenol content (pg GAE/ml)
PJ 889.5+6.12 1021.0£2.2° 783.4+2.12%
C 959.7+1.2° 1017.1£2.7* 868.4+1.2°
Q 835.0+6.3° 1066.6+4.2° 890.8+2.9°
G 926.0+2.49 960.5+2.2° 839.4+2.64
cQ 1017.7+1.0° 1090.9+2.7¢ 933.4+3.2°
CG 977.1+7.3 994.342.2¢ 946.6+2.8"
QG 1018.7+7.4° 981.1+3.9 939.8+1.1¢
CQG 1035.4+6.6% 1077.842.68 980.122.0"
Anthocyanin content (ug ml™")
PJ 172.8+1.5% 172.8+0.7° 163.1+0.6*
C 179.7+1.7° 176.9+0.6° 179.5+0.6°
Q 178.4+2.0 172.6+0.8* 173.0£09°
G 184.9+1.4° 174.9+0.7° 176.5+0.89
CcQ 182.1+1.5¢ 179.94+0.8¢ 179.0+0.7°
CG 184.4+1.1° 178.90.8%° 178.8+1.0%4
QG 180.9+1.6° 177.5+0.7>¢ 177.7+1.0¢
CQG 185.4+1.2° 183.5+0.89" 182.240.8¢
Polymeric colour (%)

PJ 21.1+0.5° 17.6+1.4° 23.0+0.8°
C 18.7+0.5° 16.0+1.6° 18.8+1.0°
Q 17.4+1.0P¢ 20.3+0.7° 20.7+0.2°
G 16.440.5° 16.3£1.5% 19.5+1.0°
CQ 20.6+0.5* 27.4+1.0° 26.9+1.0¢
CG 17.9+£0.1° 20.4+1.6° 25.6+0.8¢
QG 21.240.8° 23.2+1.7° 21.240.5¢
CQG 26.3+0.6¢ 28.7+0.3¢ 27.0+0.4¢

Within the same column and samples with the same additives, means followed by different letters are significantly
different at P<0.05 (ANOVA, Fisher’s LSD). PJ: pomegranate juice; C: PJ with addition of catechin; Q: PJ with
addition of quercetin; G: PJ with addition of gallic acid; CQ: PJ with addition of catechin and quercetin; CG: PJ
with addition of catechin and gallic acid; QG: PJ with addition of quercetin and gallic acid; CQG: PJ with addition
of catechin, quercetin, and gallic acid; T: trehalose; S: sucrose
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There are studies available on the effect of additives on anthocyanin stability (SApiLova
et al., 2009; KorJar et al., 2012; LoNCARIC et al., 2016). The results of these studies indicate
that stability of anthocyanins is highly dependent on the additive (type of sugar, phenols,
hydrocolloids, vitamins, etc.) as well as on the food matrix. In Table 1 the results of total
monomeric anthocyanin content (TAC) are presented. The addition of phenols caused an
increase in TAC. The highest impact on TAC had G followed by C and Q for 7, 4, and 3%,
respectively. In binary and ternary mixtures we observed antagonistic effects, since the
results of TAC were lower compared to their total theoretical values. Furthermore, addition
of trehalose and sucrose caused a decrease in TAC of 2% and 3%, respectively.

Addition of C and G, as well as their combination to PJ caused a decrease in the
percentage of polymeric colour (Table 1). In case of Q addition and binary and ternary
mixtures with Q, higher values of percentage of polymeric colour were observed compared
to other phenols. These results indicate that Q is involved in polymerization of anthocyanins.
The highest increase in percentage of polymeric colour (26.29%) was found for the mixture
with all three phenols. WroLsTAD and co-workers (2005) have established that anthocyanins
can condense with other phenols through covalent linkage on C-4 position to form coloured
polymeric pigments. Furthermore, PLumB and co-workers (1998) suggested that steric
hindrance of increased molecular complexity after anthocyanin polymerization reactions
decreases radical-scavenging capacity, as was the case in this study in mixtures without
added sugars. In mixtures with added sugars, an increase in the percentage of polymeric
colour in all mixtures except PJ and trehalose and PJ-C and trehalose was observed. In
contrast to PLumB and co-workers’ (1998) study, mixtures of PJ, phenols, and sugars (trehalose
and sucrose) showed high positive correlation between percentage of polymeric colour and
antioxidant activity measured with ABTS and FRAP, r=0.855 and r=0.771, respectively.

To have a better understanding of AOA and studied interactions, three methods based on
fundamentally different approach were used. As it was expected, obtained results differed
among the used methods. The ABTS and DPPH methods showed a positive correlation
(r=0.406), since both methods are based on the same chemical property of H™ or electron-
donation to the antioxidant (RuBaLya & NEELAMEGAM, 2015). However, difference in
selectivity between the methods is responsible for the weak correlation observed. Both
methods showed a positive correlation with TOC (1=0.841), while FRAP showed a positive
correlation with TAC (r=0.793). These results indicate some difference between anthocyanins
and other presented phenols in PJ with added phenol C, Q, and G, suggesting that anthocyanins
reduced oxidation rather than scavenging radicals. In Table 2, results of the antioxidant
activity measured by DPPH method are presented. From the results, it can be seen that
mixtures with addition of C or Q increase AOA, while mixture with addition of G decreases
AOA compared to PJ without phenol addition. In binary mixture the addition of CQ increased
AOA to 107 pumol TE/100 ml compared to PJ without added phenols, which is almost the
same as the theoretical value 104.0 pmol TE/100 ml. In binary mixtures with G (CG and QG)
as well as in ternary mixture we observed synergistic effect, since the values of AOA were
significantly higher than theoretical values. The highest AOA was measured in ternary
mixture, the increase was 162.6 umol TE/100 ml. AOA measured by ABTS method showed
that addition of G to PJ caused an increase in AOA of 30.6 umol TE/100 ml, and that binary
mixture of CQ-PJ had the highest AOA. As in the case of AOA of CQ mixture measured by
DPPH method, ABTS method also showed increase in AOA, which was almost the same as
the theoretical value (108.0 pumol TE/100 ml). Heo and co-workers (2007) concluded in their
study that AOA of phenol mixture was equal to the sum of AOAs of individual phenolics.
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HipaLGo and co-workers (2010) have conducted a comprehensive study on flavonoid—
flavonoid interaction in model systems, in which they demonstrated an antagonistic effect
between studied anthocyanins and C and Q in terms of AOA measured by DPPH. In the same
study, an antagonistic effect between C and Q was observed, which was not the case in this
study, since we have demonstrated a higher AOA of PJ with phenol addition. Difference
between this study and that conducted by HipaLGo and co-workers (2010) was that here the
interactions were observed in complex fruit juice matrix.

Table 2. Antioxidant activity (wumol TE/100 ml) of pomegranate juice with addition of phenol and sugars

Phenol PJ PJ+T PJ+S
DPPH
PJ 492.543.7° 523.3+4.6° 516.5+7.5%
C 528.242.3" 586.2+1.3" 563.9+4.7°
Q 560.9+3.9° 584.6+3.2" 572.543.7°
G 372.9+4.1¢ 552.9+3.2¢ 504.8+7.6¢
CcQ 599.7+10.7° 468.2+2.14 506.2+6.49
CG 551.5+3.7 603.3+2.6° 413.144.2°
QG 577.3+8.0¢ 618.2+4.5" 353.8+8.3"
CQG 655.1£7.0" 661.4+3.2¢ 618.5+5.2¢
ABTS
PJ 469.7+4.5° 494.9+3.6° 475.248.1°
C 519.18.0° 529.4+3.9° 540.9+7.8°
Q 508.2+0.7° 530.4+4.1° 528.7+4.5¢
G 500.3+3.1¢ 534.2+3.6%¢ 531.644.1°
cQ 577.743.4° 569.4+3.4° 577.0+4.9¢
CG 498.245.94 539.4+3.8¢ 505.8+3.3°
QG 516.0+3.0° 553.1+3.3¢ 558.0+7.4"
CQG 547.7+4.5¢ 675.242.5F 609.0+4.9¢
FRAP
PJ 310.9+1.12 302.2+4.2° 280.7+3.2%
C 328.9+£3.3% 303.0+3.0° 294.148.4°
Q 350.3+0.8° 299.6+3.3 295.6+4.9°
G 351.0£6.1° 308.043.6° 316.9+1.3°
CQ 335.5+1.9¢ 328.8+3.3¢ 316.0+3.6°
CG 368.1+5.1¢ 319.2+2.24 280.0+2.5°
QG 346.1+5.6 341.1+4.5¢ 330.6+2.09
CQG 346.2+8.3" 336.0+£0.1° 341.3+2.8°

Within the same column and samples with the same additives, means followed by different letters are significantly
different at P<0.05, (ANOVA, Fisher’s LSD). PJ: pomegranate juice; C: PJ with addition of catechin; Q: PJ with
addition of quercetin; G: PJ with addition of gallic acid; CQ: PJ with addition of catechin and quercetin; CG: PJ
with addition of catechin and gallic acid; QG: PJ with addition of quercetin and gallic acid; CQG: PJ with addition
of catechin, quercetin, and gallic acid; T: trehalose; S: sucrose
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Considering AOA measured by FRAP method (Table 2) showed that addition of G had
increased AOA of mixture by 40.12 umol TE/100 ml, and that was the highest increase
obtained with added phenols. Here we can see the most noticeable difference between applied
methods for determination of AOA, since by addition of G, a very low or no influence of
mixtures on AOA was observed using the DPPH and ABTS methods. Considering binary
mixtures, except CG mixture in which the increase of AOA was almost the same compared
to the theoretical values (57.15; 58.15 pmol TE/100 ml, respectively), they all showed an
antagonistic effect, and it was found for ternary mixture as well.

Addition of trehalose and sucrose increase AOA of PJ (523.3 and 516.5 umol TE/100 ml,
respectively) measured by DPPH method compared to PJ without addition of sugars (492.5
pmol TE/100 ml). In the case of AOA measured by ABTS method, trehalose increased AOA
(494.9 pmol TE/100 ml), while AOA of PJ with addition of sucrose did not significantly
differ compared to PJ without addition of sucrose (475.2 and 469.7 umol TE/100 ml,
respectively). MoreLLI and co-workers (2003) studied sugars (maltose, sucrose, fructose,
glucose, deoxyribose, and sorbitol) for scavenging activity, and they proved that sugars
possessed scavenging activity, and it was highly dependent on OH residues, sugars with more
OH residues had higher free radical scavenging activity. PENaDO and co-workers (2010)
suggested that sugars participate in the stability of phenols by inhibition of autoxidation of
phenols; they also concluded that sugars (fructose and glucose) are highly effective in
inhibiting assays mediated by hydroxyl radical formation. Considering AOA measured by
FRAP method it could be seen that addition of sugars decreased AOA of PJ.

The results of AOA measured by ABTS method (Table 2) showed that addition of
trehalose increases AOA of CG, QG, and CQG mixtures (44.3, 58.2, and 180.1 umol TE/100
ml, respectively) compared to the same mixtures without addition of sugars (28.5, 46.3, and
78.0 umol TE/100 ml, respectively). Sucrose addition had even more positive effect on AOA
of mixtures with phenols. Sucrose addition caused an increase of AOA in mixtures with
addition of C, Q, G, QG, and CQG. However, results from AOA measured by DPPH method
presented different trend, showing that trehalose had a better impact on AOA. Addition of
trehalose according to DPPH assay showed an increase in AOA of C, G, CG, and CQG
mixtures compared to sucrose, where we observed an increase of AOA only in C mixture.

The results of measuring AOA by FRAP method showed a decrease of AOA in mixtures
with trehalose addition, while in mixtures CQ, QG, and CQG with sucrose addition had
higher AOA (35.3, 49.9, and 60.6 umol TE/100 ml, respectively) compared to mixtures
without sugar addition (24.6, 35.2, and 35.3 pmol TE/100 ml, respectively). Results obtained
by different AOA methods showed significant differences. These differences could be
explained by the reactivity of the compounds and different mechanisms of action of used
methods. In general, the antioxidant potency of a given compound is thought to be closely
linked to its structural features, such as the ortho-dihydroxy structure in the B-ring, the
2-3-double bond in conjugation with a 4-oxo function, and the presence of the 3- and 5-OH
functions, or simply by the different nature of assay (HipaLco et al., 2010).

3. Conclusions

From the results presented in this work we can conclude that phenol-phenol interaction as
well as phenol-sugar interaction did occur. Furthermore, these interactions affected all
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monitored parameters. Antioxidant activity of the mixtures showed antagonistic to synergistic
effects depending on mixture and applied assay.

This work has been fully supported by the Croatian Science Foundation under the project Trehalose: fruit product
quality improvement project (6949). We are grateful to Hayashibara, Nagase Group, Japan for generous donation
of trehalose.
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