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ABSTRACT: Proanthocyanidins (PAs) were characterized in husk, membranes, arils, and seeds of ‘Mollar de Elche’
pomegranate cultivar using liquid chromatography−electrospray ionization−ion-trap tandem mass spectrometry after acid
catalysis in the presence of phloroglucinol (phloroglucinolysis). PAs were also evaluated in commercial juice and in the juice
made in the laboratory by pressing fresh arils. Pomegranate PAs were composed of a very rich mixture of flavan-3-ols: catechin,
epicatechin, gallocatechin, epigallocatechin, epigallocatechin gallate, and epicatechin gallate. Catechins and gallocatechins were
the most abundant units, while galloylated flavanols were detected at lower concentrations. The highest PA content was found
in husk (1840.5 μg/g), followed by seeds (316.2 μg/g) and membranes (51.4 μg/g). With regard to the pomegranate edible
parts, arils showed concentrations of 34.4 μg/g and pressed aril juice of 21.3 mg/L, lower than those found in other traditional
PA-containing food and beverages, such as apple, grapes, chocolate, red wine, or tea. Higher concentrations similar to those
found in red wine were observed in commercial whole fruit pressed pomegranate juice (146.9 mg/L). These PA concentrations
represented between 0.1 and 7% of the total polyphenol content in the different pomegranate samples, which were richer in
ellagitannins and anthocyanins. The mean degree of polymerization (1.2−2.1) revealed that PAs in Mollar pomegranate
samples are constituted mainly of monomers and dimers, which may influence in better absorption and bioavailability of these
compounds.
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■ INTRODUCTION

Pomegranate (Punica granatum L.) is one of the oldest known
edible fruit widely consumed as fresh fruit and juice. This fruit
has generated great interest because its consumption has been
associated with positive effects on human health1,2 that have
been attributed to its high content in phytochemicals, mainly
polyphenols.3 Most studies on pomegranate polyphenols have
focused on two of the major classes of compounds: hydrolyzable
tannins (ellagitannins) and anthocyanins.4−7 More recently, a
large number of colored anthocyanin−flavanol and flavanol−
anthocyanin adducts have been reported in pomegranate,
although at very low concentrations.5,8 However, few data are
available on other phenolic compounds, such as proanthocya-
nidins (PAs).
PAs, also known as condensed tannins, are a group of

oligomeric or polymeric flavan-3-ols widely distributed in the
plant kingdom, mainly in fruit and tree nuts.9 PAs containing
catechin (C) or epicatechin (EC) are named procyanidins;
those containing gallocatechin (GC) or epigallocatechin (EGC)
are called prodelphinidins; and those with afzelechin or
epiafzelechin are propelargonidins.10 Their potent in vitro
antioxidant capacity suggested a protective effect for the
prevention of diseases related to oxidative stress, such as
cardiovascular diseases, type 2 diabetes, and cancer.10,11 Their
separation and identification is often very difficult as a result of
their polymeric nature, large structural diversity, and their

presence in complex matrixes.12 The molar absorbance of PAs is
also lower than those of other phenolic compounds, and this
complicates their quantification even more using ultraviolet
(UV) detectors. Different methodologies have been developed
for the analysis of PAs that include spectrophotometric
methods, normal-phase high-performance liquid chromatog-
raphy (HPLC) coupled to fluorescence detection, derivatization
with different reagents, and depolymerization reactions using
toluene-α-thiol and phloroglucinol.12 Phloroglucinolysis is the
depolymerization of PAs in an acid environment in the presence
of phloroglucinol and gives access to important information
regarding PA composition.13 This methodology has been widely
used in the literature for the characterization of PAs in different
foods, including wine, apple, grapes, tea, cocoa, legume seeds,
and strawberries.14−16

In the case of pomegranate, little interest in PAs has been
evidenced thus far. Total PAs have been estimated in
pomegranate by spectrophotometric methods,17 which are
generally non-specific and do not allow for the knowledge of
the content of individual compounds. In other publications, the
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occurrence of flavanols of a low degree of polymerization
(mainly monomers and dimers) were reported in pomegranate
samples.18,19 In particular, the presence of (epi)-catechin, (epi)-
gallocatechin, and different PA dimers in pomegranate fruit has
been described.18 In other studies, gallocatechins and a range of
prodelphinidins were purified by HPLC from pomegranate
peel.20 However, knowledge of the occurrence of PAs in
pomegranates is still fairly poor, and detailed quantitative
information on the PA profile is lacking. The available reports do
not provide data on PA subunit composition or the degree of
polymerization as well as the content of PAs in the edible parts of
pomegranates and the juices prepared with this fruit.
The aim of this work was to study the PA profile (subunit

composition, quantitation, and degree of polymerization) of
different parts of pomegranate fruit and juices using
phloroglucinolysis combined with analysis by liquid chromatog-
raphy−electrospray ionization−tandem mass spectrometry
(LC−ESI−MS/MS).

■ MATERIALS AND METHODS
Chemicals. Phloroglucinol and standards of proanthocyanidin B2,

(+)-catechin (C), (−)-epicatechin (EC), (−)-gallocatechin (GC),
(−)-epigallocatechin (EG), (−)-gallocatechin gallate (GG), (−)-epi-
gallocatechin gallate (EGCG), (−)-catechin gallate (CG), (−)-epi-
catechin gallate (ECG), ellagic acid, and cyanidin 3-O-glucoside were
purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.). Stock solutions
for each compound at a concentration of 2000mg/Lwere first prepared
in methanol, except for ellagic acid that was prepared in dimethyl
sulfoxide (DMSO), and then serially diluted to working concentrations.
Acetonitrile and methanol of LC−MS grade were from J.T. Baker
(Deventer, Netherlands), DMSO was from LabScan (Dublin, Ireland)
and formic acid, hydrochloric acid, and sodium acetate were from
Panreac (Barcelona, Spain). Ascorbic acid was from Acros Organics
(Geel, Belgium). All other chemicals and reagents were of analytical
grade. Milli-Q system (Millipore Corp., Bedford, MA, U.S.A.) ultrapure
water was used throughout the study.
Pomegranate Samples. Pomegranates (4 samples) of cultivar

Mollar Elche (Elche, Spain) harvested in October 2016 were obtained
from a local market. The fruit was manually separated into husk,
membranes, and arils (Figure 1). Husk and membranes were weighed,
freeze-dried, and ground with a mixer grinder (Oster Professional
BPST02-B), and the powders kept in a desiccator before the analyses.
Arils were not able to be freeze-dried and were analyzed directly
because their high sugar content prevented an effective freeze drying.

The arils were pressed with a hand-press juicer to obtain the press cake
and the juice, which was subsequently filtered through cheesecloth to
remove solid particles. Seeds were separated from the press cake
remaining after pressing the arils. The seeds, press cake, and pellet
obtained after filtration of the juice were freeze-dried and ground with
the mixer grinder. Clarified juice was analyzed directly for the
determination of anthocyanins and ellagitannins but was passed
through Sep-Pak cartridges before the phloroglucinolysis reaction.
Commercial pomegranate juices (also from ‘Mollar’ cultivar), obtained
by pressure extraction of the whole fruit, were provided by a juice
processor (AMC, Murcia, Spain). Juices were centrifuged at 3500g for
10 min, and the pellet obtained was freeze-dried and ground. The
moisture content was determined from the weight of the samples before
and after freeze drying.

Analysis of Proanthocyanidins by Phloroglucinolysis. Sam-
ple Preparation. Solid samples (husk, membranes, seeds, press cake,
and pellets) were processed directly after freeze drying. Pomegranate
juice samples (both made in the laboratory from the arils and
commercial samples) were filtered through reversed-phase solid-phase
extraction (SPE) cartridges before the hydrolysis reaction to remove
sugar and organic acids and, thus, facilitate the freeze drying of the
samples. A total of 20 mL of samples was loaded onto a SPE cartridge
Chromafix C18 (950 mg, Machery-Nagel, Düren, Germany), which
was previously conditioned with 10 mL of MeOH and then 10 mL of
water. After sample filtration, the cartridge was washed with 10 mL of
water and the phenolic compounds eluted with 1 mL of methanol. The
methanol extract was evaporated in a speed-vacuum concentrator under
reduced pressure, dissolved in 1 mL of water, freezed at −80 °C, and
freeze-dried. To obtain enough sample quantity, this protocol was
repeated 4 times per sample and the powder obtained was collected and
weighed.

Phloroglucinolysis Reaction and Analysis by LC−ESI−MS. PAs
were quantified as previously reported by Kennedy and Jones,13 with
some modifications.21 A solution of 0.1 M HCl in methanol containing
50 g/L phloroglucinol and 10 g/L ascorbic acid was prepared. A total of
50 mg of dried samples was mixed with the phloroglucinolysis reagent
(0.8 mL) and incubated in a water bath for 20 min at 50 °C. The
reaction was stopped by placing the vials in ice and adding 1 mL of 40
mM sodium acetate. The samples were centrifuged at 3500g for 10 min
and filtered with a 0.22 μm polyvinylidene fluoride (PVDF) filter prior
to the injection. The same reaction was applied to 1 mg of
proanthocyanidin B2 using proportional amounts of reagents. Samples
were analyzed using an Agilent HPLC 1200 series instrument equipped
with a diode array detector (Agilent Technologies, Waldbronn,
Germany) and an ion-trap mass spectrometer detector in series
(Bruker Daltonics, Bremen, Germany). Separation of phenolic
compounds was achieved on a reverse-phase C18 Pursuit XRs column

Figure 1. Scheme of the separation procedure of the different parts of pomegranate fruit to be analyzed. In parentheses, the percentage of each part is
indicated.
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(250 × 4 mm, 5 μm particle size, Agilent Technologies, Waldbronn,
Germany), operating at room temperature and a flow rate of 0.8 mL/
min. A total of 10 μL of sample was injected. The mobile phases were
water with acetic acid (2.5%) (phase A) and acetonitrile (phase B). The
gradient changed according to the following conditions: 0 min, 3% B,
from 0 to 5 min, 3−9% B; from 5 to 15 min, 9−16% B; from 15 to 45
min, 16−50% B; from 45 to 47 min, 50−90% B and maintained at 90%
B for 1 min, then decreased to the initial conditions in 3 min, and
maintained for 5 min (total time of 57 min). The ultraviolet−visible
(UV−vis) chromatograms were recorded at 280 nm. The optimal
conditions of the electrospray interface were as follows: gas temper-
ature, 325 °C; drying gas, 11 L/min; and nebulizer pressure, 65 psi.
Spectra were acquired in the range ofm/z 50−800 (target mass of 400)
in the negative ionization mode. Compound stability was set at 75%.
Flavan-3-ol monomers and phloroglucinol adducts obtained after the
phloroglucinolysis reaction were identified using their elution order,
absorbance spectra, and mass fragmentation patterns (MS/MS)
compared to available standards when possible. Quantification was
developed in MS, using the area of the extracted ion chromatograms
(EICs) for each compound. Flavan-3-ol monomers were quantified
with their own commercial standards, and phloroglucinol adducts were
quantified with their corresponding free flavan-3-ol, assuming higher
response in MS for adducts (twice more, as indicated below from the
phoroglucinolysis of proanthocyanidin B2). The concentrations of
flavan-3-ols in the products analyzed were expressed in micrograms per
gram of fresh weight (FW) in solid parts and milligrams per liter in
juices, taken into account the moisture of the samples. To calculate the
apparentmean degree of polymerization (mDP), the sum of all subunits
(flavan-3-ol monomer and phloroglucinol adducts, in moles) was
divided by the sum of all flavan-3-ol monomers (in moles).
Analysis of Phenolic Profile by Liquid Chromatography−

Electrospray Ionization−Ion-Trap Mass Spectrometry (LC−
ESI−IT MS). For the analysis of the phenolic profile, 150 mg of
freeze-dried samples (husk, membranes, seeds, press cake, and pellets)
were weighted and extracted with 10 mL of MeOH/DMSO/water
(40:40:20) acidified with 0.1% HCl. The sample was then vortexed for
30 s, followed by sonication in an ultrasonic bath for 10 min. The
sample was then centrifuged at 3500g for 10 min, and the supernatant
was filtered through a 0.22 μmPVDF filter previous to the injection into
the LC−ESI−MS system. Pomegranate juice samples were centrifuged
at 3500g for 10 min, and the supernatant was filtered through a 0.22 μm
PVDF filter and directly injected into the LC−ESI−MS system. These
samples were analyzed with the same high-performance liquid
chromatography−diode array detection−ion-trap mass spectrometry
(HPLC−DAD−IT MS) equipment described above for the analysis of
the products of phloroglucinolysis and with the same chromatographic
column. The chromatographic andMS conditions were similar to those
described in previous studies for the analysis of phenolic compounds.21

A qualitative approach was applied for the identification of monomers
and oligomers (dimers, trimers, tetramers, etc.) of flavan-3-ols.
Anthocyanins were quantified in UV at 520 nm using a calibration
curve of cyanidin-3-glucoside. The main ellagitannins were quantified
at 360 nm, using a calibration curve of punicalagin for the quantification
of punicalagin and punicalin and ellagic acid for the quantification of
ellagic acid and its conjugates.
Analysis of Ellagitannins after Acid Hydrolysis by LC−ESI−

MS. To obtain more accurate quantification of total ellagitannins, an
acid hydrolysis of pomegranate samples was applied using a method
previously reported.22 Briefly, 50 mg of freeze-dried pomegranate
samples or 3.34 mL of juice was directly hydrolyzed with 4 M HCl in
water at 90 °C for 24 h. After cooling to room temperature and
adjusting the pH to 2.5, the samples were centrifuged for 10 min at
3500g. The supernatant was recovered, and the volume was adjusted to
10mLwith water and was filtered through a 0.45 μmPVDF filter before
injection onto the HPLC column. The resulting pellets were dissolved
into 10 mL of DMSO/MeOH (50:50, v/v), and after centrifugation,
the supernatant was also filtered before the injection. Both extracts were
analyzed on the same HPLC−DAD−ESI−IT described above with the
same instrumental parameters previously reported.22 The method was
based on the quantification of the acid hydrolysis products that

included ellagic acid, gallic acid, sanguisorbic acid dilactone, valoneic
acid dilactone, and gallagic acid dilactone. All of the hydrolysis products
were quantified with the calibration curve of ellagic acid at 360 nm,
except gallic acid that was quantified with an authentic standard at 280
nm.

■ RESULTS AND DISCUSSION
Qualitative Identification of PAs by LC−ESI−MS. The

PA profile in pomegranate samples was studied using the general
method for polyphenol analysis. The detection with UV
detectors was difficult as a result of their low concentration
and the high complexity of the samples rich in anthocyanidins
and ellagitannins. Masses of PA monomers, oligomers, and
polymers were extracted from the MS chromatogram.
Monomers (m/z 289 and 305) and dimers (m/z 577, 609,
and 593) of catechins and/or gallocatechins were detected with
high intensity (Figure 2), and the presence of different isomers

was observed. The same monomers and dimers where
previously detected in pomegranate samples.18 Some trimers
composed of catechins and gallocatechins (m/z 881 and 913)
with masses that could also correspond to dimers of ECG and
EGCG were identified but with much lower intensities. Masses
of other trimers, tetramers, and higher polymers were not
detected. This could be due to (1) the absence of these polymers
in pomegranate samples, (2) their presence at undetectable
concentrations, or (3) that a significant amount of polymeric
PAs remains in the residue after extraction. Quantification was
difficult due to the lack of available standards and the possible
co-elution of the oligomers as a large unresolved peak. Acid-

Figure 2. EIC of the main monomers, dimers, trimers, and tetramers
searched in the pomegranate samples: m/z 289, (epi)catechin; m/z
305, (epi)gallocatechin; m/z 577, (epi)catechin−(epi)catechin; m/z
609, (epi)gallocatechin−(epi)gallocatechin; m/z 593, (epi)-
gallocatechin−(epi)catechin; m/z 865, (epi)catechin−(epi)catechin−
(epi)catechin;m/z 913, (epi)gallocatechin−(epi)gallocatechin−(epi)-
gallocatechin; m/z 881, (epi)gallocatechin−(epi)catechin−(epi)-
catechin; m/z 897, (epi)gallocatechin−(epi)gallocatechin−(epi)-
catechin; and m/z 1153, (epi)catechin−(epi)catechin−(epi)-
catechin−(epi)catechin.
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catalyzed cleavage in the presence of phloroglucinol was applied
for an accurate quantification of PAs.
Phloroglucinolysis Reaction andMethod Validation.A

variety of flavan-3-ol monomers and their phloroglucinol
adducts were detected in pomegranate samples after the
phloroglucinolysis degradation (Table 1 and Figure 3). All
showed similar spectra with maxima around 275 nm. The
fragmentation profile was similar for all adducts, with losses of
m/z 126 and fragments with m/z 125 corresponding to a
phloroglucinol residue. Other fragments at m/z 261 and 177 or
175 were also common in adducts. The monomers, C, EC, GC,
and EGC, showed similar fragmentation profiles with losses of
m/z 18 and 44 and a common fragment at m/z 179. EGCG and
ECG showed losses of m/z 44 and 152 and fragments at m/z
169, corresponding to the gallic acid residue.
As a result of the small amount of these compounds in the

pomegranate samples, their low UV molar absorptivity at 280
nm and the interference caused by the presence of high
quantities of anthocyanins and ellagitannins, the quantitation
using an UV detector, as it had been performed thus far,14,21 was
not possible. A much better response was obtained with the MS
detector using EICs of each compound (Figure 4). Flavan-3-ol
monomers were quantified with their own available standards,
and the method was validated in terms of linearity, limit of
detection (LOD) and limit of quantification (LOQ), and
precision (intra- and interday) (Table 2). All calibration curves
were linear until 100 μM, and the LOQ was between 0.8 μM for
EC and 7.3 μM for EGC. Intra- and interday precisions were in
all cases below 5 and 15%, respectively. Relative response factors

(RRFs) with respect to C (the more available standard) showed
similar responses for GC (0.81), ECG (1.0), and EC (1.37) and
higher response in MS for EGCG (2.22), GCG (2.04), ECG
(3.50), and CG (3.0). This information confirmed the different
response in MS of compounds with a similar structure and the
need of using authentic standards when MS is used to quantify.
As a result of the absence of available standards for
phloroglucinol adducts, phloroglucinolysis of proanthocyanidin

Table 1. Proanthocyanidin Cleavage Products Found in Pomegranate Samples after Acid Catalysis in the Presence of
Phloroglucinol

compound numbera Rt (min) [M − H]− λmax MS/MS

(−)-gallocatechin 1 adduct 5.6 429 278 303, 261, 177, and 125
3 monomer 7.9 305 278 287, 261, 219, and 179

(−)-epigallocatechin 2 adduct 6.2 429 271 303, 261, 177, and 125
7 monomer 11.6 305 271 287, 261, 219, and 179

(+)-catechin 4 adduct 9.1 413 278 287, 261, 175, and 125
8 monomer 13.0 289 278 271, 245, 205, and 179

(−)-epigallocatechin gallate 5 adduct 9.4 581 275 537, 455, 429, 261, and 175
10 monomer 16.8 457 277 413, 331, 305, and 169

(−)-epicatechin 6 adduct 9.8 413 278 287, 261, 175, and 125
11 monomer 17.1 289 278 271, 245, 205, and 179

(−)-epicatechin gallate 9 adduct 15.2 565 277 439, 413, 395, 261, and 175
12 monomer 23.2 441 273 397, 331, 289, 193, and 169

aNumbers correspond to peaks in Figure 4.

Figure 3. Basic structures of flavan 3-ols in pomegranate.

Figure 4. EICs of the flavan-3-ols and their adducts quantified in
samples of pomegranate husk after phloroglucynolisis: (1) galloca-
techin adduct, (2) epigallocatechin adduct, (3) gallocatechin, (4)
catechin adduct, (5) epigallocatechin gallate adduct, (6) epicatechin
adduct, (7) epigallocatechin, (8) catechin, (9) epicatechin gallate
adduct, (10) epigallocatechin gallate, (11) epicatechin, and (12)
epicatechin gallate.
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B2 was carried out to study the relative response of the adduct of
EC with respect to its monomer. The response in MS of the
adduct was 2.5 times more intense than that observed for free
EC (Figure 5). Therefore, the same behavior was assumed for

the rest of the adducts, and a response factor of 2.5 was applied
for the quantification of these compounds. This is a good
estimation that provides valuable information about the quantity
(at least on the order of magnitude).
Proanthocyanidin Composition. Flavan-3-ol monomers

and their phloroglucinol adducts were quantified in different
parts of the pomegranate fruit and juices (pressed aril juice and
commercial juice) from the Mollar cultivar (Table 3). From a
qualitative point of view, pomegranate samples showed a very
rich profile of PAs with a variety of monomeric flavan-3-ol units
present in their molecules (C, EC, GC, EGC, ECG, and EGCG).
Similar qualitative profiles have been described in green tea,23

Quercus leaf infusions,24 or red wine.25 Previous studies
reporting concentrations of flavan-3-ols in common Spanish18

and American26 food products showed that, in general, catechins
(C and EC) are found in all of the flavanol-containing products
but the presence of gallocatechins (GC and EGC) is only
relevant in some products, including broad bean, lentil, grape,
wine, beer, coffee, tea, and most of the berries. Galloyled
flavanols (ECG and EGCG) are still less common, and their
presence was important only in green and black tea, strawberry,
and grape.
Pomegranate husk contained the largest PA content (1840

μg/g) compared to seeds (316.2 μg/g) and membranes (51.4

μg/g). The amount in the arils, the edible part of pomegranate
fruit, was even lower (34.4 μg/g). The predominant flavan-3-ol
units in husk and membrane were GC (51 and 41%,
respectively) and C (15 and 43%, respectively), whereas in
seeds and arils, C (55 and 38%, respectively) and EC (30 and
32%, respectively) were the most abundant units. The presence
of gallocatechins and prodelphinidins in pomegranate peel was
previously reported.20 In the case of juices, the amount in
commercial juice (146.9 mg/L) was much higher than in
pressed aril juice (21.3 mg/L), probably because, in commercial
juice, the whole fruit is pressed and the contact with husk and
membranes could enrich the juice in these compounds.
Different flavan-3-ol units were present in both juices with
high percentages of EC and GC. In all pomegranate samples,
EGCG and ECG were present but at low concentrations (less
than 8%). It was difficult to properly compare these results to
those found in the literature as a result of scarce information
available about the PA content in pomegranate samples and the
different methodologies used to quantify them.
In the literature, only one study investigating phloroglucinol-

ysis of PAs in different pomegranate juices was found.27

However, in this study, only C (112−148 mg/L) and the
phloroglucinol product of C (66.8−116 mg of catechin
equivalent/L) were identified, while no other type of flavan-3-
ol was detected. In another study, gallocatechins and a range of
prodelphinidins were purified byHPLC from pomegranate peel.
Gallocatechin, gallocatechin-(4−8)-catechin, gallocatechin-(4−
8)-gallocatechin, and catechin-(4−8)-gallocatechin were all
identified, purified, and quantified.19,20 The amount of
monomers and dimers were quantified in arils, reporting a
total amount of 10.9 μg/g.18 The amounts found were so low
that some authors even reported that flavan-3-ol monomers and
procyanidin dimers and trimers were components not usually
detected in 100% pomegranate beverages.28

In comparison of the results to commonly consumed foods
rich in PAs (apples, green tea, cocoa, red wine, grapes, and
berries), the amount found in the pomegranate fruit edible part
was low. Some varieties of apples showed higher concentrations
of PAs (between 800 and 1410 μg/g)26 and between 1703 and
5329 μg/g when phloroglucynolusis was used for the
quantification.21 Chocolate showed the concentration around
5000 μg/g,29 and grape seeds, also quantified after the
pholoroglucinolysis reaction, showed the concentration around
2395 μg/g.30 Plums showed concentrations of 2159 μg/g,26 and
berries showed the concentration between 230 and 6637 μg/g.31

In particular, different varieties of strawberry showed concen-
trations between 539 and 1632 μg/g, also applying the
phloroglucinolysis method.14

Table 2. Evaluation of the Linearity, RRF, LOD and LOQ, and Precision (Intra- and Interday) for the Analysis of Flava-3-ols in
LC−ESI−MS

Rt (min) linearity (μM) RRFa (MS) LOD (μM) LOQ (μM) intraday precision (%) interday precision (%)

(−)-gallocatechin 7.9 LOD−100 0.81 2.2 7.3 3.5 11.6
(−)-epigallocatechin 11.6 LOD−100 1.00 1.6 5.4 2.8 12.2
(+)-catechin 13.0 LOD−100 1.00 0.6 2.0 4.3 9.7
(−)-epigallocatechin gallate 16.8 LOD−100 2.22 0.7 2.3 2.4 9.1
(−)-epicatechin 17.1 LOD−100 1.37 0.2 0.8 2.2 12.0
(−)-gallocatechin gallate 18.4 LOD−100 2.04 0.6 2.0 3.8 13.6
(−)-epicatechin gallate 23.2 LOD−100 3.50 0.5 1.7 4.0 9.6
(−)-catechin gallate 23.6 LOD−100 3.00 0.4 1.2 5.1 11.8

aRRF calculated with respect to catechin.

Figure 5. Base peak chromatogram (BPC) (red) and EICs (black) of
the compounds obtained after phloroglucinolysis of proanthocyanidin
B2.
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Pomegranate arils showed amounts similar to peach (29 μg/
g), kiwis (37 μg/g), or bananas (40 μg/g), fruit with the lowest
amount of PAs among all of the fruit and beverages analyzed.26

With regard to beverages, the amount found in commercial
pomegranate was similar to that found in milk chocolate (192
mg/L), cranberry juice (231 mg/L), Quercus leaf infusion

(25.3−347 mg/L),24 or red wine (76.93−133.18 mg/L)25 but
much lower than that found in grape juice (524 mg/L) or green
tea (4572 mg/L).23

The mDP values ranged from 1.2 to 2.1, showing that samples
had basically monomers and dimers, with a low amount of
oligomers. These results are in agreement with those previously

Table 3. Proanthocyanidin Content after Phloroglucinolysis in Different Parts of Pomegranate Samples (μg/g of FW), Pressed
Aril Juice, and Commercial Juice (mg/L)a

husk membrane seed arilb pressed aril juicec commercial juicec

(−)-gallocatechin 732.1 ± 130.5 21.3 ± 7.4 43.2 ± 7.1 3.8 ± 1.9 2.1 ± 0.7 32.9 ± 8.1
(−)-gallocatechin adduct 211.2 ± 18.3 2.2 ± 0.4 2.6 ± 0.4 12.8 ± 2.0
total 943.3 ± 120.2 21.3 ± 7.4 43.2 ± 7.1 6.0 ± 1.6 4.7 ± 1.1 45.7 ± 9.8
(−)-epigallocatechin 80.1 ± 8.7 1.9 ± 0.3 3.0 ± 0.4 12.2 ± 1.2
(−)-epigallocatechin adducts 178.6 ± 35.3 1.4 ± 0.2 1.6 ± 0.3 6.3 ± 0.6
total 258.7 ± 37.7 3.3 ± 0.5 4.6 ± 0.6 18.5 ± 1.7
(+)-catechin 279.0 ± 43.1 22.3 ± 3.8 168.4 ± 33.1 12.1 ± 2.8 2.2 ± 0.5 19.7 ± 2.5
(+)-catechin adduct 12.5 ± 3.2 5.8 ± 1.3 1.0 ± 0.1 1.1 ± 0.2 4.5 ± 1.6
total 291.5 ± 46.1 22.3 ± 3.8 174.2 ± 33.6 13.1 ± 2.8 3.3 ± 0.6 24.2 ± 4.0
(−)-epigallocatechin gallate 121.9 ± 17.7 0.2 ± 0.1 0.4 ± 0.2 0.1 ± 0.0
(−)-epigallocatechin gallate adduct 28.8 ± 4.2
total 150.7 ± 21.3 0.2 ± 0.1 0.4 ± 0.2 0.1 ± 0.0
(−)-epicatechin 5.4 ± 2.5 2.0 ± 0.8 7.5 ± 0.9 2.4 ± 0.4 2.6 ± 0.4 6.1 ± 1.0
(−)-epicatechin adduct 165.7 ± 28.8 5.3 ± 1.5 87.1 ± 17.5 8.7 ± 0.6 5.2 ± 0.8 50.8 ± 16.0
total 171.1 ± 31.3 7.3 ± 1.6 94.6 ± 16.8 11.1 ± 1.0 7.8 ± 1.1 56.9 ± 16.9
(+)-epicatechin gallate 9.1 ± 1.7 0.3 ± 0.0 0.4 ± 0.0 0.1 ± 0.0
(+)-epicatechin gallate adduct 16.1 ± 0.4 0.5 ± 0.1 4.2 ± 1.0 0.4 ± 0.1 0.1 ± 0.0 1.4 ± 0.4
total 25.2 ± 1.9 0.5 ± 0.1 4.2 ± 1.0 0.7 ± 0.2 0.5 ± 0.1 1.5 ± 0.4
total proanthocyanidins 1840.5 ± 160.6 51.4 ± 5.8 316.2 ± 51.0 34.4 ± 3.0 21.3 ± 3.1 146.9 ± 31.7
mDP 1.5 ± 0.1 1.2 ± 0.1 1.5 ± 0.1 1.9 ± 0.1 2.1 ± 0.1 1.8 ± 0.1

aThe results are the mean ± standard deviation (SD) of the data obtained in four pieces of pomegranate fruit (n = 4). bAril concentrations was
calculated as the sum of 30% of the concentration of the residue obtained after juice extraction (press cake) and 70% of the concentration of the
pressed aril juice. cJuice concentration (pressed arils and commercial) was calculated as the sum of juice and pellet.

Figure 6. Total amount of phenolic compounds and percentages of proanthocyanidins (blue), anthocyanins (red), and ellagitannins (green) in
different pomegranate samples: (A) husk, (B) membrane, (C) seeds, (D) arils, (E) pressed aril juice, and (F) commercial juice.
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found for different varieties of pomegranate juice, where the
mDP ranged from 1.0 to 3.2.27 PAs with a low degree of
polymerization are much likely to be absorbed through the gut
barrier.32 In previous studies, absorption of dimeric PAs was
observed in rats and humans,33,34 and even trimeric PCs were
detected in rat urine samples.33 PAs with a higher degree of
polymerization are not absorbed and reach the colon, where
they are metabolized by the gut microbiota.
Comparison to the Ellagitannin and Anthocyanin

Contents. The amount of PAs was compared to those obtained
for ellagitannins (Supplementary Tables 1 and 2 of the
Supporting Information) and anthocyanins (Supplementary
Table 3 of the Supporting Information), the main compounds
previously identified in pomegranate samples.35 Figure 6
summarizes the total phenolic content of the analyzed samples
and the percentages of each group of compounds. The largest
amount of polyphenols was observed in the husk (71.9 mg/g)
and membranes (56.1 mg/g). Their phenolic contents were
dominated by ellagitannins (97 and 99.9%, respectively),
whereas PAs represented only 3 and 0.1%, respectively.
Ellagitannins were also the main compounds in pomegranate
seeds (69%) but also contained 24% anthocyanins and 7% PAs.
The lowest phenolic content (2.7 mg/g) was observed in the
edible part, where PAs accounted for 2%. Ellagitannins were
again the predominant phenolics (63%), although anthocyanins
(35%) were also detected. A different pattern was observed in
juices, where anthocyanins were the most important constitu-
ents, representing 80% in pressed aril juice and 60% in
commercial juice. PAs represented low percentages: 7% in
commercial juice and only 1% in pressed aril juice.
As a conclusion, this report shows that PAs are present at

significant amounts in the edible parts of pomegranate and are
particularly relevant in commercial juices, both from the Mollar
cultivar. Future studies should be considered to analyze and
compare the content of PAs in fruit and juices from other
pomegranate cultivars. PAs complement the large amounts of
ellagitannins and anthocyanins present in pomegranates and
should also be considered as contributors to the health effects of
pomegranate juice, particularly because they are mainly flavan 3-
ol monomers and dimers that show higher bioavailability than
larger oligomers and polymers.
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Soria, C.; Loṕez, J. M.; Tomaś-Barberań, F. A. HPLC−MS analysis of
proanthocyanidin oligomers and other phenolics in 15 strawberry
cultivars. J. Agric. Food Chem. 2010, 58 (7), 3916−3926.
(15) Gris, E. F.; Mattivi, F.; Ferreira, E. A.; Vrhovsek, U.; Pedrosa, R.
C.; Bordignon-Luiz, M. T. Proanthocyanidin profile and antioxidant
capacity of Brazilian Vitis vinifera red wines. Food Chem. 2011, 126 (1),
213−220.
(16) Jin, A.; Ozga, J. A.; Lopes-Lutz, D.; Schieber, A.; Reinecke, D. M.
Characterization of proanthocyanidinds in pea (Pisum sativum L.),
lentil (Lens culinaris L.), and faba bean (Vicia faba L.) seeds. Food Res.
Int. 2012, 46 (2), 528−535.
(17)Wissam, Z.; Ghada, B.;Wassim, A.; Warid, K. Effective extraction
of polyphenols and proanthocyanidins from pomegranate’s peel. Int. J.
Pharm. Pharm. Sci. 2012, 4, 675−682.
(18) de Pascual-Teresa, S.; Santos-Buelga, C.; Rivas-Gonzalo, J. C.
Quantitative analysis of flavan-3-ols in Spanish foodstuffs and
beverages. J. Agric. Food Chem. 2000, 48 (11), 5331−5337.
(19) Smrke, S.; Vovk, I. Comprehensive thin-layer chromatography
mass spectrometry of flavanols from Juniperus communis L. and Punica
granatum L. J. Chrom. A 2013, 1289, 119−126.
(20) Plumb, G. W.; De Pascual-Teresa, S.; Santos-Buelga, C.; Rivas-
Gonzalo, J. C.; Williamson, G. Antioxidant properties of gallocatechin
and prodelphinidins from pomegranate peel. Redox Rep. 2002, 7 (1),
41−46.
(21) Jakobek, L.; García-Villalba, R.; Tomaś-Barberań, F. A.
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