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ABSTRACT: Phytochemical profiles (phenolic compounds, L-ascorbic acid, antioxidant and PPO activities) of 13 different
quince varieties and 5 genotypes were studied. Polyphenols were identified by LC-PDA-QTof/MS and quantified by UPLC-PDA
and UPLC-FL. A total of 26 polyphenolic compounds found in quince tissues were identified and presented: 9 flavan-3-ols
((−)-epicatechin, procyanidin B2, 3 procyanidin dimers and trimers, and 1 tetramer); 8 hydroxycinnamates, derivatives of
caffeoylquinic and coumaroylquinic acid; and 9 kaempferol and quercetin derivatives. The content of total polyphenols was be-
tween 1709.43 (genotype ‘S1’) and 3436.56 mg/100 g dry weight (‘Leskovac’̌). Flavan-3-ols, which are the major class of quince
polyphenols, represented between 78 and 94% of the total polyphenolic compounds. The activity of PPO enzyme ranged from
709.85 to 1284.59 ΔU/min, and that of L-ascorbic acid ranged from 5.86 to 26.42 mg/100 g. Some quince varieties and their
products characterized by a higher content of phenolic compounds may be selected to promote their positive effect on health.
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■ INTRODUCTION

Edible fruits constitute a source of nutrients such as carbohy-
drates, vitamins, and minerals as well as non-nutrients, especially
polyphenols, which display various health-promoting properties.
Phytochemicals of fruits and vegetables have been considered
of crucial nutritional importance in the prevention of chronic
diseases such as cancer and cardiovascular and neuro-
degenerative diseases. This may be related to their antioxidant
activity as well their ability to regulate cellular activities of
inflammation-related cells (mast cells, macrophages, lympho-
cytes, and neutrophils).1,2

Less popular edible fruits are being sought to increase the
availability of potentially biologically active phytochemicals.
Fruits that display a particularly high antioxidative potential
owing to such phytochemicals as proanthocyanidins, anthocya-
nins, and stilbenes, which are known for their multiple biological
activities, have recently gained increasing appreciation.
Quince (Cydonia oblonga Mill.) belongs to the Maloideae

subfamily of the Rosaceae family, which includes commercially
important fruits such as apples and pears. Because of its hard-
ness, acidity, and astringency, it is not edible unprocessed; never-
theless, it is often used to prepare jam, jelly, liqueur, and marmalade,
as well as applied in canning and for aromatic distillation.3

In the past decade, several studies on C. oblonga Miller fruit
and its derivatives have been performed by a research group
from Portugal. A few analytical methods were developed to
determine phenolic compounds, organic acids, and free amino
acids in quince fruit and jam.4−6 Among these chemical param-
eters, phenolic profile determination seemed to be the most
useful in the discrimination of different parts of quince fruit
(pulp, peel, and seed),7,8 in the evaluation of the genuineness of
quince products (puree, jam, and jelly),9,10 in the production of

fiber-rich powders from quince waste,11 and in drying.12 The in-
fluence of jam processing upon the contents of phenolics, organic
acids, and free amino acids in quince fruit was evaluated.13 Studies
were also addressed the antioxidant activity of the methanolic
extracts of quince pulp, peel, seed, and jam9 as well as methods
and conditions of quince fruit preservation.14 Recently, some
authors have described antioxidant, antimicrobial (antibacterial
and anti-influenza viral), antihemolytic, antiulcerative, and anti-
proliferative properties of quince fruit phenolics.15−21

However, the available information about quince fruit is still
related only to the comparison of the value of the bioactive
compounds among the varieties. Rop et al.22 described the
basic chemical characteristics of 22 quince genotypes and
varieties, that is, dry matter content, soluble solid content,
organic acids, pectins, and mineral elements. Bayazit et al.23

reported on different genetic relationships among 13 quince
accessions selected from different parts of Turkey. Inves-
tigations conducted by Silva et al.5,24 addressed fruit of quince
growing in different parts of Portugal, but with no variety-
specific correlations. Compared to a previous paper about
apples, the study clearly showed very high biodiversity in
antioxidant contents between varieties.25−28 Therefore, it is the
aim of this paper to report a comprehensive study of the phyto-
chemical profiles (phenolic compounds, L-ascorbic acid, and
antioxidant and polyphenol oxidase (PPO) activity) of 13 different
quince varieties and 5 genotypes. The identities of polyphenolics
were confirmed using LC-MS.
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■ MATERIALS AND METHODS
Chemicals. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH), 2,2′-

azinobis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,4,6-tri(2-
pyridyl)-s-triazine (TPTZ), acetic acid, phloroglucinol, and methanol
were purchased from Sigma-Aldrich (Steinheim, Germany). (−)-
Epicatechin, (+)-catechin, quercetin, kaempferol-3-O-glucoside, and
procyanidins B1 and B2 were purchased from Extrasynthese (Lyon,
France). Chlorogenic acid, neochlorogenic acid, cryptochlorogenic
acid, and 3,5-dicaffeoylquinic acid were purchased from TRANS MIT
GmbH (Giessen, Germany). Acetonitrile for UPLC (Gradien grade)
and ascorbic acid were from Merck (Darmstadt, Germany). UPLC
grade water, prepared by using an HLP SMART 1000s system (Hydrolab,
Gdanśk, Poland), was additionally filtered through a 0.22 μm membrane
filter immediately before use.
Plant Material. Thirteen different quince (C. obolonga Miller)

varieties (‘Akademiczeskaja’, ‘Bereczki’, ‘Cezar’, ‘Darunok Onuk’,
‘Kaszczenko’, ‘Konstantynopeler’, ‘Leskovac’̌, ‘Marija’, ‘Portugesicka’,
‘Poźńa Rejmana’, ‘Ronda’, ’Uspiech’, ‘Wołgogradzkaja Aromatnaja’)
and five genotypes (‘S1K’, ‘S3′, ‘SDK’, ‘BA29′, ‘S1’) obtained from
10-year-old trees were hand-harvested at optimum ripeness (the degree
of ripeness was determined on the basis of fruit coloring, separability, and
change of fruit peel from a lanuginous to waxy condition) in October
2010. The fruit were harvested at the Nursery Farm Radwan-Pytlewski
Piotr from Miedniewice (52° 09′ N, 20° 30′ E), and genotypes were
from the Research Institute of Horticulture in Skierniewice (51° 99′ N,
20° 16′ E). In the course of the measurements, 6 replications (6 randomly
chosen fruits) from 3 trees, that is, 18 replications per variety, were
established.
For chemical analyses, the whole fruits without the core were cut

directly in liquid nitrogen and freeze-dried (24 h; Alpha 1-4 LSC;
Martin Christ GmbH, Osterode am Harz, Germany). The homo-
geneous powder was obtained by crushing the dried tissues with the
use of a closed laboratory mill to avoid hydration (IKA 11A; Staufen,
Germany). The samples were subsequently ground in a pestle and
mortar to a fine powder and stored in a freezer (−70 °C; Frilabo;
Lyon, France) until analysis.
Identification of Polyphenols by the LC-PDA-MS Method.

The extract of polyphenols for analysis was prepared as described
previously by Wojdyło et al.25 Identification and quantification of
polyphenols of quince extracts was carried out using an Acquity ultra-
performance LC system equipped with a photodiode detector (PDA;
UPLC)) with binary solvent manager (Waters Corp., Milford, MA,
USA) series with a mass detector G2 QTof Micro mass spectrometer
(Waters, Manchester, UK) equipped with an electrospray ionization
(ESI) source operating in negative and positive modes. Separations
of polyphenols were carried out using a UPLC BEH C18 column
(1.7 μm, 2.1 × 50 mm; Waters Corp., Milford, MA, USA) at 30 °C.
Samples (5 μL) were injected, and elution was completed within
15 min using a sequence of elution modes: linear gradients and
isocratic. The flow rate was 0.45 mL/min. The mobile phase was
composed of solvent A (4.5% formic acid) and solvent B (100% of
acetonitrile). The program began with isocratic elution with 99% A
(0−1 min), and then a linear gradient was used until 12 min, lowering
A to 0%; from 12.5 to 13.5 min, returned to the initial composition
(99% A); and then held constant to re-equilibrate the column. Analysis
was carried out using full scan, data-dependent MS scanning from m/z
100 to 1500. The mass tolerance was 0.001 Da, and the resolution was
5.000. Leucine enkephalin was used as the mass reference compound
at a concentration of 500 pg/μL at a flow rate of 2 μL/min, and the
[M − H]− ion at 554.2615 Da was detected over 15 min of analysis
during ESI-MS accurate mass experiments, which was permanently
introduced via the LockSpray channel using a Hamilton pump.
The lock mass correction was ±1.000 for Mass Window. The mass
spectrometer was operated in a negative ion mode and set to the base
peak intensity (BPI) chromatograms and scaled to 12400 counts per
second (cps) (=100%). The optimized MS conditions were as follows:
capillary voltage of 2500 V, cone voltage of 30 V, source temperature
of 100 °C, desolvation temperature of 300 °C, and desolvation gas

(nitrogen) flow rate of 300 L/h. Collision-induced fragmentation
experiments were performed using argon as collision gas, with voltage
ramping cycles from 0.3 to 2 V. The characterization of the single
components was carried out via the retention time and the accurate
molecular masses. Each compound was optimized to its estimated
molecular mass [M − H]− in the negative mode before and after
fragmentation. The data obtained from LC-MS were subsequently
entered into MassLynx 4.0 ChromaLynx Application Manager soft-
ware. On the basis of these data, the software is able to scan different
samples for the characterized substances.

Determination of Polyphenols by UPLC Coupled to PDA
and FL Detector. The analysis of polyphenolic compounds was
carried out on a UPLC system Acquity (Waters Corp., Milford, MA,
USA) consisting of a binary solvent manager, sample manager, PDA
(model λe), and fluorescence detector (FL). Empower 3 software was
used for chromatographic data collection and integration of chromato-
grams. The UPLC analyses were performed on a BEH Shield C18
analytical column (2.1 mm × 5 mm; 1.7 μm). The flow rate was
0.45 mL/min. A partial loop injection mode with a needle overfill was
set up, enabling 5 μL injection volumes when a 10 μL injection loop
was used. Acetonitrile (100%) was used as a strong wash solvent and
acetonitrile−water (10%) as a weak wash solvent. All incubations were
done in triplicate.

Analysis of Polyphenol Compounds. Five milliliters of the
resultant extract were centrifuged for 10 min at 15000g at 4 °C.
The analytical column was kept at 30 °C by column oven, wheress the
samples were kept at 4 °C. The mobile phase was composed of solvent
A (4.5% formic acid) and solvent B (acetonitrile). Elution was as
follows: 0−5 min, linear gradient from 1 to 25% B; 5.0−6.5 min, linear
gradient from 25 to 100%; 6.5−7.5 min, column washing; and re-
conditioning for 0.5 min. PDA spectra were measured over the
wavelength range of 200−600 nm in steps of 2 nm. The runs were
monitored at the following wavelengths: flavan-3-ols at 280 nm,
hydroxycinnamates at 320 nm, and flavonol glycosides at 360 nm.
Retention times (tR) and spectra were compared with those of pure
standards. Calibration curves at concentrations ranging from 0.05 to
5 mg/mL (r2 ≤ 0.9998) were made from (−)-epicatechin, (+)-catechin,
procyanidins B2 and C1, chlorogenic acid, neochlorogenic acid,
cryptochlorogenic acid, quercetin, and kaempferol 3-O-glucoside as
standards. p-Coumarylquinic acid was expressed as p-coumaric acid,
and quercetin and kampferol derivatives were expressed as quercetin
and kaempferol-3-O-glucoside, respectively. The results was expressed
as milligrams per 100 g dry weight (dw).

Analysis of Proanthocyanidins by Phloroglucinolysis Method.
Direct phloroglucinolysis of freeze-dried quince varieties was
performed as described by Kennedy et al.29 Portions (0.05 g) of
powder were precisely measured into 2 mL Eppendorf vials, then
0.8 mL of the methanolic solution of phloroglucinol (75 g/L) and
ascorbic acid (15 g/L) was added. After the addition of 0.4 mL of
methanolic HCl (0.3 mol/L), the vials were closed and incubated
for 30 min at 50 °C with continuous vortexing using a thermo shaker
(TS-100; BIOSAN, Lithuania). The reaction was stopped by placing
the vials in an ice bath with drawing 0.5 mL of the reaction medium
and diluting with 0.5 mL of 0.2 mol/L sodium acetate buffer. Next the
vials were cooled in ice water and centrifuged immediately at 20000g
for 10 min at 4 °C. The analytical column was kept at 15 °C by column
oven, whereas the samples were kept at 4 °C. The mobile phase was
composed of solvent A (2.5% acetic acid) and solvent B (acetonitrile).
Elution was as follows: 0−0.6 min, isocratic 2% B; 0.6−2.17 min, linear
gradient from 2 to 3% B; 2.17−3.22 min, linear gradient from 3 to 10%
B; 3.22−5.00 min, linear gradient from 10 to 15% B; 5.00−6.00 min,
column washing; and reconditioning for 1.50 min. The fluorescence
detection was recorded at an excitation wavelength of 278 nm and an
emission wavelength of 360 nm. The calibration curves, which were based
on peak area, were established using (+)-catechin, (−)-epicatechin,
and procyanidin B1 after phloroglucinol reaction as (+)-catechin−
and (−)-epicatechin−phloroglucinol adduct standards. The average
degree of polymerization was calculated as the molar ratio of all
the flavan-3-ol units (phloroglucinol adducts + terminal units) to
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(−)-epicatechin and (+)-catechin, which correspond to terminal
units. The results were expressed as milligrams per 100 g dw.
Analysis of Antioxidant Activity. The solvent for analysis was

prepared as described previously by Wojdyło et al.25 The DPPH
radical scavenging activity of the sample was determined accord-
ing to the method of Yen et al.30 The ABTS•+ activity of the sample
was determined according to the method of Re et al.31 The total
antioxidant potential of the sample was determined using a ferric
reducing ability of plasma (FRAP) assay by Benzie et al.32 as a measure
of antioxidant power. For all analyses, a standard curve was prepared
using different concentrations of Trolox. All determinations were
performed in triplicate using a Shimadzu UV-2401 PC spectropho-
tometer (Kyoto, Japan). The results were corrected for dilution and
expressed in micromoles Trolox per gram dw.

L-Ascorbic Acid Analysis. L-Ascorbic acid was analyzed according
to the method described previously by Oszmian ́ski et al.33 Fresh fruits
(3−4 g) were mixed with 50 mL of 0.1 M phosphoric acid and
centrifuged at 20000g for 10 min. The estimation of L-ascorbic acid
was carried out using a Waters liquid chromatograph with a tunable
absorbance detector (Waters 486) and a quaternary pump with a
Waters 600 Controller apparatus (Waters Associates). A 20 μL sample
was injected into a Chromolith Performance RP-18e column (100 ×
4.6 mm) (Merck, Darmstadt, Germany). The elution was carried out
using 0.1 M phosphoric acid at the flow rate of 1.0 mL/min. The
absorbance was monitored at 254 nm. L-Ascorbic acid was identified
by comparison with the standard. The calibration curve was prepared
by plotting different concentrations of the standard versus the area
measurements in HPLC.
Enzyme Extraction Procedure for Determination of PPO

Activity. Enzymatic extracts were prepared following the method
previously described by Gonzalez et al.34 In all assays, 10 g of
pulverized liquid nitrogen frozen fruits were homogenized and mixed
with 25 mL of sodium phosphate buffer (pH 7.0) and 2% of poly-
(vinylpyrrolidone) (PVP) for 2 h at 4 °C in the dark. The homo-
genates were centrifuged for 10 min at 18000g and 4 °C until assayed
for PPO activity. The PPO activity was determined by measuring the
initial rate of increase in absorbance after reaction at 420 nm. Unless
otherwise stated, the activity was assayed in 3 mL of the reaction
mixture, consisting of 2.7 mL of 0.1 M catechol in 0.2 M sodium
phosphate buffer (pH 5.5) plus 0.3 mL of prepared enzyme, with a
Shimadzu UV-2401 PC spectrophotometer (Tokyo, Japan). The
enzyme activity was determined by measuring the slope of the reaction
curve, at zero time (initial rate) and after 2 min of reaction. The
enzyme activity unit was defined as the difference in absorbance per
minute and gram of tissue.
Statistical Analysis. Results are given as the mean ± standard

deviation of three independent determinations. All statistical analyses
were performed with Statistica version 10 (StatSoft, Krakow, Poland).
One-way analysis of variance (ANOVA) by Duncan’s test was used

to compare the means. Differences were considered to be significant
at P < 0.05.

■ RESULTS AND DISCUSSION
Qualitative Analysis. As an initial step, quince varieties

were analyzed by LC-MS-QToF systems. Typical UPLC traces
are illustrated in Figure 1, whereas the LC-MS and mass spec-
tral data obtained are summarized in Table 1. Results of the
quantitative analysis made by UPLC-PDA and UPLC-FL are
summarized in Table 2. In total, 26 polyphenolic compounds
found in quince tissues were identified and presented. The
phenolic compounds were identified by comparing the UV−vis
spectra, λmax, MS spectra, and retention times to those of
available standards.
Nine compounds belonging to flavan-3-ols were detected in

quince fruits. (−)-Epicatechin, peak 9 (tR = 4.61 min, λmax =
278 nm) had an [M − H]− at m/z 289 and an MS/MS frag-
ment at m/z 245. Peak 5 (tR = 3.73 min, λmax = 278 nm) was
identified as procyanidin B2 using the fragmentation pattern of
[M − H]− at m/z 577; the MS/MS fragmentation of this peak
was at m/z 289. Cochromatography with a standard was used
to confirm the identity of this compound. Besides these com-
pounds, three procyanidin dimers (compounds 3, 15, and 19)
at tR 3.41, 5.56, and 7.36 min with m/z 577; three procyanidin
trimers (compounds 8, 13, and 14) at tR 4.14, 5.07, and 5.48 min
with m/z 865; and one procyanidin tetramer (compound 7)
at tR 3.95 min with m/z 1155 were identified in quince fruits.
All detected procyanidins had the characteristic fragmentation
pattern of a negatively charged molecular ion [M − H]− at m/z
577 and/or 289. However, they produced the MS/MS base
peak at m/z 407 by the loss of an RDA fragment (168 Da)
from the top ring of the dimer followed by the loss of water
molecule (18 Da); a secondary peak at m/z 289 originated
from a QM fragment and m/z at 425 ([M − H+ − 168 Da]−)
from RDA fragment.35

Eight hydroxycinnamates, six derivatives of caffeoylquinic
acid and two of coumaroylquinic acid, were detected as well.
Peaks 1, 4, 6, 11, and 22 with λmax ∼325 nm possessed char-
acteristic mass spectral data of [M − H]− at m/z 353 and
MS/MS fragmentation at m/z 191. Those compounds at (tR)
2.31, 3.48, and 3.86 min were identified as 3-, 4-, and 5-O-
caffeoylquinic acid (neochlorogenic, cryptochlorogenic, and
chlorogenic acid, respectively) after comparison with corre-
sponding standards.

Figure 1. LC-QTof/MS phenolic profile of the quince fruit (at optimal BPI chromatogram) ‘Leskovac’̌ variety. For peak numbering, see Table 1.
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Peak 2 (tR = 3.13 min, λmax = 309 nm) was identified as 3-O-
p-coumaroylquinic acid on the basis of mass spectral data. It
had an [M − H]− at m/z 337, which fragmented on MS/MS to
yield a major ion at m/z 173 and a minor peak at m/z 163. This
fragmentation pattern has been shown to be characteristic of
the 4-isomer of p-coumaroylquinic acid.36 This identification of
4-O-p-coumaroylquinic acid supports the reporting of this
compound in apples in a previous study.37 Peak 22 with tR=
8.21 with λmax = 326 nm gave a characteristic [M − H]− at m/z
515, which fragmented on MS/MS to pa recursor ion at m/z
353, confirmed the 3-regiochemistry of the caffeoyl substituent,37

and was identified as 3,5-dicaffeoylquinic acid. Additionally, com-
pounds 11 and 12 with λmax = 310 and 323 nm had [M − H]− at
m/z 353 and 335, respectively. The fragmentation of these
compounds was [M − H]− at m/z 136, which was typical of
caffeic acid. The loss of 156 amu corresponded to the molecular
weight of shikimic acid. Therefore, compound 11 was iden-
tified as caffeoyl quinate, and compound 12 was identified
as caffeoylshikimic acid isomer. This compound has been
implicated as a possible intermediate of the phenylpropanoid
pathway.38 Interestingly, the regioisomeric shikimic acid esters
showed reproducible differences in their MS/MS spectra,
allowing their identification as previously described by Jaiswal.38

Quercetin and kaempferol derivatives are the flavonols found
in quince fruits7,8,15 and leaves.39 They exhibit UV−vis absorp-
tion maxima at about 352 nm for quercetin and at 345 nm for
kaempferol derivatives (Table 1). Peaks 16−18, 20, and 25 had
a characteristic MS/MS fragment at m/z 301. Peak 16 (tR =
6.94 min, λmax = 352 nm) was identified as a quercetin deriv-
ative on the basis of an [M − H]− at m/z 609 and an MS/MS
fragment at m/z 301. Peak 17 and 20 with tR = 7.12 and
7.38 min had a characteristic mass at m/z 463 and an MS/MS

fragment 301. The loss of 162 amu equates to the loss of a
hexose sugar. These peaks compared with retention time of
standard were identified as quercetin-3-O-galactoside and -3-O-
glucoside, respectively. Peak 18 (tR = 7.24 min, λmax = 352 nm)
was identified as quercetin-3-O-rutinoside on the basis of an
[M − H]− at m/z 609 and an MS/MS fragment at m/z 301.
Three peaks were identified as kaempferol derivatives accord-
ing to their UV spectra and MS fragmentation leading to the
kaempferol aglycone at m/z 285 in a negative mode. Peak 21
was identified as kaempferol-3-O-galactoside with m/z 447 and
an MS/MS fragment at 284 obtained after the loss of 162 amu
(galactose moiety). Peak 24 had [M − H]− at m/z 447 with a
fragment at m/z 285 (loss of 162 amu: hexose moiety) and was
identified as kaempferol-3-O-glucoside. Peak 23 had [M − H]−

ion at m/z 593 in the negative mode, which is consistent with
kaempferol-3-O-rutinoside. The molecular ion fragmentation
yielded fragment ions corresponding to kaempferol after losing
a hexose moiety (−162 amu). Peaks 25 and 26 were also
identified as quercetin and kaempferol derivatives according to
the mass spectrum with a distinctive fragment at m/z 463 and
301, respectively. However, these compounds had a maximum
absorption at shorter wavelength (314 nm), which on the other
hand indicated acylation of the sugar moiety on this flavonol
with hydroxycinnamic acid.40 An analogous relationship was
observed for compound 26. MS in the negative mode gave the
base peak at m/z 593 and an MS/MS main fragment at m/z
285 (loss m/z 308 − p-coumaroylglucoside moiety), which
corresponds to kaempferol.

Quantitative Analysis. The major polyphenolic groups
were flavan-3-ols > hydroxycinnamic acids > flavonols. Com-
pared to apples, quince fruits do not contain dihydrochalcones
and anthocyanins. Types of polyphenolic compounds detected

Table 1. LC-MS-QTof Analysis of Main Phenolic Compounds Exclusive of Polymeric Procyanidins in Quince Fruits

peaka name tR (min) λmax (nm) MS [M − H]− (m/z) MS/MS [M − H]− (m/z)

1 3-O-caffeoylquinic acid (neochlorogenic acid) 2.31 325 353 191
2 4-O-p-coumaroylquinic acid 3.13 309 337 173/136
3 procyanidin dimer 3.41 278 577 289
4 5-O-caffeoylquinic acid (chlorogenic acid) 3.48 325 353 191
5 procyanidin B2 3.73 278 577 289
6 4-O-caffeoylquinic acid (cryptochlorogenic acid) 3.86 325 353 173
7 procyanidin tetramer 3.95 278 1153 577/289
8 procyanidin trimer 4.14 278 865 577/289
9 (−)-epicatechin 4.61 278 289 245
10 p-coumaroylquinic acid derivatives 4.73 310 337 136
11 caffeoylquinic acid 4.96 324 353 136
12 caffeoylshikimic acid 5.01 323 335 179
13 procyanidin trimer 5.07 278 865 577
14 procyanidin trimer 5.48 278 865 577/289
15 procyanidin dimer 5.56 278 577 289
16 quercetin-3-O-robinoside 6.94 244; 352 609 300
17 quercetin-3-O-galactoside 7.12 243; 352 463 300
18 quercetin-3-O-rutinoside 7.24 243; 352 609 301
19 procyanidin dimer 7.36 278 577 289
20 quercetin-3-O-glucoside 7.38 243; 352 463 300
21 kaempferol-3-O-galactoside 8.04 264; 345 447 284
22 3,5-dicaffeoylquinic acid 8.21 326 515 353/136/182
23 kaempferol-3-O-rutinoside 8.35 264; 345 593 285
24 kaempferol-3-O-glucoside 8.54 264; 345 447 285
25 quercetin glucoside acylated by p-coumaric acid 10.83 242; 352 609 463/301/136
26 kaempferol glucoside acylated by p-coumaric acid 12.08 265, 345 593 285

aPeak numbers refer to Figure 1.
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źń
a
R
ej
m
an
a

23
.1
±

2.
5d

45
.7
±

2.
7c

27
50
.1

±
62
.6
c

9.
9
±

1.
1c

8.
0
±

1.
3e
f

18
0.
3
±

12
.4
f

8.
6
±

0.
9g

8.
5
±

0.
1a

36
.7

±
4.
3c

9.
3
±

1.
1e

11
.9
±

1.
4g

30
92
.0

K
on
st
an
ty
no
pe
le
r

43
.0
±

1.
2b

61
.8
±

1.
9a
b

28
83
.7

±
84
.4
b

13
.4
±

2.
5a

8.
6
±

2.
3e

19
9.
5
±

14
.3
e

15
.7
±

2.
4d

7.
6
±

0.
4b

51
.2

±
1.
6a
b

23
.1
±

2.
3b

15
.2
±

1.
1e

33
22
.9

W
oł
go
gr
ad
zk
aj
a

A
ro
m
at
na
ja

41
.8
±

4.
1b

69
.0
±

2.
0a

28
34
.4

±
78
.1
b

12
.1
±

2.
3a
b

8.
2
±

1.
2e

18
1.
1
±

18
.9
f

11
.9
±

3.
2f

3.
7
±

1.
0e

20
.8

±
2.
2e

3.
2
±

1.
7g

3.
4
±

0.
6k

31
89
.5

S1
K

24
.6
±

2.
2d

35
.6
±

2.
4d

18
39
.7

±
53
0.
4f
g

4.
5
±

4.
1g

7.
7
±

0.
7f

22
7.
9
±

23
.3
cd

7.
4
±

1.
1h

5.
5
±

0.
4d

42
.0

±
1.
7b

14
.3
±

3.
6
cd

18
.6
±

1.
3
cd

22
27
.7

S3
33
.7
±

2.
0c

55
.1
±

3.
5b

26
61
.0

±
69
.0
c

4.
9
±

1.
5g

8.
2
±

0.
5e

23
9.
7
±

12
.3
c

8.
6
±

3.
5g

8.
3
±

0.
2a

58
.2

±
1.
4a

17
.6
2.
4c

19
.9
±

1.
1c

31
15
.1

SD
K

42
.0
±

1.
6b

55
.0
±

2.
9b

19
26
.7

±
28
.1
f

6.
5
±

1.
5e

9.
7
±

0.
2d

17
1.
9
±

12
.3
fg

7.
1
±

1.
2h

5.
2
±

0.
4d

36
.0

±
2.
7c

8.
2
±

3.
5e

12
.2
±

1.
3f

22
80
.5

B
A
29

33
.4
±

2.
4c

56
.6
±

2.
5b

16
92
.5

±
58
.4
h

5.
1
±

2.
6f

10
.1
±

1.
1d

17
8.
7
±

12
.1
fg

7.
8
±

1.
0h

6.
5
±

0.
7c

33
.7

±
3.
5c

8.
8
±

1.
1e

10
.9
±

1.
3g
h

20
44
.2

S1
33
.9
±

3.
5c

53
.0
±

1.
4b

13
51
.0

±
46
.5
l

8.
4
±

1.
9d

20
.3
±

1.
1a

17
5.
0
±

9.
7f
g

7.
3
±

0.
9h

4.
0
±

0.
1e

32
.9

±
3.
4c

10
.8
±

1.
1d

12
.7
±

1.
7f

17
09
.5

a
V
al
ue
s
ar
e
th
e
m
ea
n
±
st
an
da
rd

de
vi
at
io
n,
n
=
3;

in
co
lu
m
ns
,m

ea
n
va
lu
es

w
ith

di
ff
er
en
t
le
tt
er
s
(a
,b
,c
,.
..)

ar
e
si
gn
ifi
ca
nt
ly
di
ff
er
en
t
at
P
<
0.
05
.E

,(
−
)-
ep
ic
at
ec
hi
n;

PB
2,
pr
oc
ya
ni
di
n
B
2;

PP
,p
ol
ym

er
ic

pr
oc
ya
ni
di
ns
;
N
hA

,
ne
oc
hl
or
og
en
ic

ac
id
;
C
A
,
cr
yp
to
ch
lo
ro
ge
ni
c
ac
id
;
C
hA

,
ch
lo
ro
ge
ni
c
ac
id
;
3,
5-
C
A
,
3,
5-
di
ca
ff
eo
yl
qu
in
ic

ac
id
;
Q
G
,
qu
er
ce
tin

-3
-O
-g
al
ac
to
si
de
;
Q
R
,
qu
er
ce
tin

-3
-O
-r
ut
in
os
id
e;

K
R
,

ka
em

pf
er
ol
-3
-O
-r
ut
in
os
id
e;

K
G
,q

ue
rc
et
in
-3
-O
-r
ha
m
no
si
de
;
Σ
T
P,

su
m

of
th
e
de
te
rm

in
ed

ph
en
ol
ic
s.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf304969b | J. Agric. Food Chem. 2013, 61, 2762−27722766



in this study in quince varieties were similar to those reported
in previous studies.8,15 Previous research showed that hydroxy-
cinnamic acid was mainly from the polyphenol group, but the
content of flavan-3-ols, especially polymeric procyanidins, has
not been previously described. Hamauzu et al.16 described that
not only the total phenolic content but also the phenolic
profiles were different for different fruits, that is, Chinese
quince and apple fruits. As such, quince fruit was characterized
by the presence of a significant amount of hydroxycinnamic
derivatives (mainly 3-O-caffeoylquinic acid and 5-O-caffeoyl-
quinic acid) and a large amount of polymeric procyanidins
(PP). However, Chinese quince fruit contained PP as a major
component and a small amount of 3-O-caffeoylquinic acid.
Apple fruit did not contain 3-O-caffeoylquinic acid and a
noticeable amount of PP, but it was characterized by the
presence of 5-O-caffeoylquinic acid, (+)-catechin, (−)-epicatechin,
procyanidin dimers (B1, B2, and C1), and oligomeric and
dihydrochalcone derivatives (phloretin glycoside and
phloridzin).16

The content of total polyphenols was between 1709.4 mg/
100 g dw (genotype ‘S1’) and 3436.6 mg/100 g dw (‘Leskovac’̌).
The average content of total polyphenols found in the apple
evaluated with the HPLC method was 2−5 g/kg of dw, with
significant differences depending upon the apple variety.27,41−44

The ‘Leskovac’̌ (3436.6 mg/100 g dw), ‘Konstantynopeler’
(3322.9 mg/100 g dw), ‘Wołgogradzkaja Aromatnaja’ (3189.5 mg/
100 g dw), and ‘Darunok Onuk’ (3178.8 mg/100 g dw)
varieties were characterized by above average contents of
polyphenols, whereas ‘Kaszczenko’ (1816.0 mg/100 g dw),
‘Ronda’ (1900.2 mg/100 g dw), and ‘Bereczki’ (2070.0 mg/
100 g dw) varieties and genotype ‘S1’ had the lowest contents
of total polyphenols (Table 2). Only the ‘S3’ genotype was
characterized by a similarly high content of polyphenols com-
pared to the other varieties (3115.1 mg/100 g dw). Other
genotypes contained <2300 mg/100 g dw of polyphenols.
Karedeniz et al.42 reported that the content of total poly-
phenolics determined with the Folin−Ciocalteu method in
quince was higher than in apple, grape, or pear but comparable

to that in pomegranate. Fruits with high contents of polyphenols
are very important for human health. The World Health
Organization has recommended fruit consumption at least 5
times a day or at the level of 400 g of fruits and vegetables per
day per capita to reduce the risk of chronic diseases.45

Therefore, it seems reasonable to believe that an increased
consumption of products with quince polyphenolics may be
beneficial for health and well-being.
The 26 polyphenolic compounds were identified with the

LC-MS method (Table 1; Figure 1) but only major compounds
were quantified using UPLC-PDA detection and UPLC-FL
(Figure 2). Fluorescence was used to quantify polymeric
proanthocyanidins, which were minor peaks with the PDA
detector operating at 280 nm. These are additional pro-
cyanidins and will be the subject of a subsequent publication
reporting on analyses based on normal phase HPLC-MS2 and
thiolysis or phloroglucinolysis.29,43,44 Flavan-3-ols (monomer,
dimer, and polymeric proanthocyanidins), which are the major
class of quince polyphenols (Table 2), represented between 78
and 94% of the total polyphenolic compounds in quince. These
data are concurrent for apple (71−90%).41,44 The high con-
centrations of procyanidins in quince fruit may explain its slight
astringency and bitterness, typical of cider apples. The main
flavan-3-ol compounds were polymeric procyanidins (94−98%),
followed by dimer (2−4%) and monomer (1−3%) procyanidins.
(−)-Epicatechin concentrations ranged from 50.3 mg in ‘Marija’
to 21.6 mg/100 g dw in ‘Akademiczeskaja’. In turn, procyanidin B2
concentrations ranged from 69.0 mg/100 g dw in ‘Wołgogradzkaja
Aromatnaja’ and ‘Marija’ to 31.5 mg/100 g dw in ‘Akademiczeskaja’.
The average concentrations for dessert apple monomers and dimers
(procyanidins B2) ranged between 11.6 and 209.5 mg and between
38.8 and 162.2 mg/100 g, respectively, whereas the presence
of (+)-catechin was lower (0.5−3.4 mg/100 g).27

Polymeric proanthocyanidins were determined using phloro-
glucinol methods, which provide more detailed information on
quince proanthocyanidin fractions. The analysis of these
compounds is not possible without phloroglucinol or thiolysis
methods. After phloroglucinol depolymerization, these compounds

Figure 2. UPLC-FL chromatograms of quince fruit (‘Leskovac’̌) after phloroglucinol analysis. Peaks: 1, (+)-catechin−phloroglucinol; 2,
(−)-epicatechin−phloroglucinol; 3, (+)-catechin; 4, (−)-epicatechin.
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were converted into monomer units. Figure 2 shows
phloroglucinol products of quince phenolics, indicating that
phenolics in quince consist of polymers of (−)-epicatechin and
a small amount of (+)-catechin as terminal units. The profile of
polymeric flavan-3-ols in quince was similar to that in Chinese
quince and apple fruit, although the percentages of (+)-catechin
as terminal units differed among the fruits. The percentage of
(+)-catechin as terminal units was the highest in Chinese
quince (31.3%) and in apple (25.8%), compared to quince
(3.6%).16 Polymeric proanthocyanidin present in the analyzed
varieties and genotypes of quince had concentrations ranging from
1369.9 mg/100 g dw in ‘Kaszczenko’ and 1351.0 mg/100 g dw in
genotype ‘S1’ to 3074.1 mg/100 g dw in ‘Leskovac’̌ (Table 2).
These results might be due to the fact that the quince fruit con-
tained a large amount of polymeric procyanidins in comparison to
apples: dessert and cider.25,41,43,44 However, cider apples contained
a large amount of polymeric procyanidins when compared to
dessert apples.
The degree of polymerization (mDP; number of flavan-3-ol

units) modulates the physicochemical properties of procyani-
dins.16,43,44,46 Reserve-phase HPLC following the phloroglucy-
nolysis reaction allows for the determination of the nature and
proportions of procyanidins constitutive units and makes the
distinction between terminal and extension units, thus allowing
for the calculation of the average degree of polymeriza-
tion.41,43,44,46 The mDP of the polymeric fraction for the quince
fruit was from 8.3 to 11.2; thus, on average it accounted for 9.7.
The highest mDP was determined in the following varieties:
‘Kaszczenko’, ‘Ronda’, ‘Konstantynopeler’, and ‘Marija’. The
degree of polymerization of cranberry has been previously
determined by Gu et al.47 to reach 15 and 9 for lingonberry.48

In considering the Polish apple variety, mDP varied from 3.2
(‘Titoẃka’) to 28.7 (‘Ecolette’), with the average values ranging
from 3.8 to 6.2.25 The mean mDP of flavan-3-ols for Chinese
quince was 25.16 These high mDP values for Chinese quince
and quince procyanidins were comparable with those of a
variety of Portuguese pear49 or some cider apple varieties
(4.2−50.3).44,50
Hydroxycinnamic acid was the second major group of quince

polyphenols. The concentration of these compounds ranged
from 195.2 to 343.5 mg/100 g dw. The predominating phenolic
acid in quince fruit was chlorogenic acid > neochlorogenic acid >
cryptochlorogenic acid ≥ 3,5-dicaffeoylquinic acid. Chlorogenic
acid concentrations ranged from 319.6 mg (‘Akademiczeskaja’)
to 171.2 mg/100 g dw (‘Cezar’), those of neochlorogenic acid
ranged from 45.1 mg (genotype ‘S1K’) to 13.4 mg/100 g dw
(‘Konstantynopeler’), those of cryptochlorogenic acid ranged
from 4.2 mg (‘Darunok Onuk’) to 20.3 mg/100 g dw (genotype
‘S1’), and finally those of 3,5-dicaffeoylquinic acid ranged from
2.0 mg (‘Kaszczenko’) to 27.7 mg/100 g dw (‘Cezar’) (Table 2).
We assumed that the major hydroxycinnamic acid in different
quince varieties was the chlorogenic acid. The results described
by Silva et al.8,24 show that in pulps and seeds of quince, the
most abundant phenolic compound was also chlorogenic acid.
Wojdyło et al.,25 Tsao et al.,28 Marks et al.,40 and Mullen et al.28

clearly show that the concentration of phenolic acid was
strongly dependent on variety. Alonso-Salces et al.37 have
also observed that the concentrations of phenolic acid in
cider apples are considerably greater than those found in dessert
apples. Marks et al.40 described that the concentrations of
chlorogenic acid in cider apple ranged from 30 to 1163 mg/100 g.
The concentration of phenolic acid, especially chlorogenic acid,
may be important when fruits are processed into food, because

these compounds are considered to be a preferential natural
substrate of the catecholase activity of PPO. Therefore, the
relative concentrations of these compounds could influence
the oxidation processes and color development during
the technological process. Moreover, these compounds are
the precursors of flavor when their concentrations are low.41,44

Aside from enzymatic oxidation, the product of chlorogenic
acid (their o-quinones) can co-oxidize other substances, such
as flavan-3-ols, generating colored products. Thus, the browning
degree depends upon not only the chlorogenic acid contents but
also the flavan-3-ols/hydroxycinnamic acid ratio. Hence, those
varieties with a high content of flavan-3-ols and hydroxycinnamic
acids, including chlorogenic acid, contribute to a low stabil-
ity of the finished (processed) food products. In this sense,
the varieties ‘Akademiczeskaja’, ‘Kaszczenko’, ‘Ronda’,
‘Portugesicka’, and ‘Bereczki’ and genotype ‘S1’ would
be the least suitable.
Significant differences (P < 0.05) were found in the phenolic

profiles of quince from different variety origins, in terms of
flavonol derivatives. As described previously,8 the main
flavonols present in quince are a mixture of different glyco-
sylated quercetin and kaempferol. For all examined varieties
and genotypes of quince, the content of flavonols ranged from
1 to 5% of total polyphenols, but quercetin-3-O-rutinoside was
the most abundant quercetin glycoside in all quince fruit, and
its content ranged from 49 to 63% of total flavonols. Also,
the quercetin-3-O-rutinoside in quince fruit was identified as
quercetin-3-O-galactoside, kaempferol-3-O-rutinoside, and 3-O-
glucoside (Table 2). Generally, considering the content of these
compounds, quince varieties had significantly more quercetin-
type (∼45.2 mg/100 g dw) than kaempferol-type derivatives
(∼26.3 mg/100 g dw). A high content of flavonol derivatives
was found in ‘Darunok Onuk’ (128.4 mg/100 g dw),
‘Akademiczeskaja’ (97.7 mg/100 g dw), and genotype ‘S3’
(104.0 mg/100 g dw), whereas the lowest content was in
‘Kaszczenko’ and ‘Wołgogradzkaja Aromatnaja’ (44.6 and
31.1 mg/100 g dw, respectively). This was consistent with
findings described by Silva et al.8 and Oliveira et al.39

Comparing this qualitative profile with that of quince fruit
parts (pulps, peels, and seeds), usually, quince peel contained
higher levels of quercetin and kaempferol derivatives. These
compounds were reported as the major phenolic compounds in
skin.15,51 The levels of these glycoside derivatives of flavonol
were higher in the leaves than in the skin of quince fruit.39 As
such, quince leaves presented the highest relative contents of
kaempferol derivatives, especially of kaempferol-3-O-rutinoside,
which represented 12.5% of the total phenolic content (against
ca. 4% in peels and an absence in pulps and seeds). In peel we
found additional quercetin and kaempferol glycosides acylated
with p-coumaric acid, but these compounds were present in
very small amounts in comparison to the whole fruit. The
content of these compounds has been suggested previously by
Silva et al.4,9,24 Quercetin derivatives are not the major poly-
phenolic components of fruit, but they are very important for
human health. Quercetin was found to inhibit human prostate
and lung cancer cell growth52 and to reduce the incidence of
cardiovascular diseases.53

L-Ascorbic Acid. Smaller but significant differences were
found in the contents of L-ascorbic acid (Figure 3). The values
measured with the HPLC method ranged from 5.9 mg/100 g to
as much as 26.4 mg/100 g. For contents of L-ascorbic acid in
fruit, quince fruit can be divided into three groups: low content
(‘Poźńa Rejmana’, ‘S1K’, ‘S3’, ‘S1’), average content (‘Uspiech’,

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf304969b | J. Agric. Food Chem. 2013, 61, 2762−27722768



‘Akademiczeskaja’, ‘Ronda’, ‘Portugesicka’, ‘Bereczki’, ‘Konstan-
tynopeler’, ‘Wołgogradzkaja Aromatnaja’, ‘SDK’), and high
content of L-ascorbic acid (‘Kaszczenko’, ‘Marija’, ‘Cezar’,
‘Leskovac’̌, ‘Darunok Onuk’). The ‘BA29’ genotype is char-
acterized by the lowest content of L-ascorbic acid, <5 mg/100 g.
Rop et al.22 analyzed the content of L-ascorbic acid in different
quince genotypes and varieties. In comparison to the analyzed
fruit, the content of L-ascorbic acid in these 22 quince fruit was
also higher, from 41.1 to 79.3 mg/100 g fw. According to Szeto
et al.54 the maximum value of L-ascorbic acid in quince fruit was
comparable to that in apple, whereas in pears its content did
not exceed half of this value.55,56 Compared to other fruits, the
range of ascorbic acid contents (mg/100 g) in quince fruit was
higher than in nectarines (4.8−13.2), peaches (3.6−12.6), litchi
(13.8), and plums (2.5−10.2)57 but lower than in mango
(60.5) and papaya (92.9).58

PPO Activity. PPOs are very important enzymes in the food
industry because of their involvement in enzymatic browning.
They are degraded to undesirable brown, red, or black pig-
ments. Studies on PPO from quince in research literature are
scarce.59−61 The activity of this enzyme ranged from 709.9
to 1284.6 ΔU/min. The higher PPO activity was found in
‘BA29’ > ‘Konstantynopeler’ > ‘Kaszczenko’ > ‘Wołgogradzkaja
Aromatnaja’ ≥ ‘Darunok Onuk’. Podsed̨ek et al.62 clearly show
that the PPO activity differed significantly between apple
varieties, from 270 U/g (‘Shampion’) to 3120 U/g (‘Warta’).
Browning of damaged tissues of fresh fruits and vegetables
occurs mainly due to the oxidation of phenolic compounds and
contributes significantly to the diminished quality.63 Enzymatic
browning results in a change of not only color but also the level
of biologically active compounds, known to be good PPO
substrates.
Antioxidant Activity. The antioxidant activity of the quince

varieties determined by ABTS, DPPH, and FRAP value (μmol
Trolox equiv/g dw) is shown in Table 3. Significant variation was
found in the antioxidant activity among the studied varieties. The
effects of quince variety on the antioxidant activity measured by
ABTS•+ ranged from 2.4 to 0.9; for DPPH they ranged from
2.5 to 0.9; and for FRAP they ranged from 1.5 to 0.4 TEAC.
‘Kaszczenko’, ‘Uspech’, ‘Ronda’, and ‘Portugesica’ varieties were
characterized by the highest activity measured with all methods,
whereas the ‘Poźńa Rejmana’ variety and ‘S1’, ‘S1K’, ‘SDK’, and

‘BA29’ genotypes had the lowest TEAC values. The differences
in TEAC between quince varieties could be preliminarily attrib-
uted to their different contents of polyphenols. Bandoniene
et al.64 tested different antioxidant kinetic behaviors of standard
compounds present in apple and apple extract with the HPLC-
DPPH method and showed that polyphenolic compounds had
the greatest impact on the antioxidant activity from the group
of flavan-3-ols such as (+)-catechin and (−)-epicatechin, as well
as their oligomers such as procyanidins B1, B2, and C. Com-
pounds belonging to the group of phenolic acids, quercetin
glycosides, and dihydrochalcones affect the antioxidant activity
of apples to a lesser extent. Lee et al.65 have proved that
(−)-epicatechin and procyanidins B2 had a 40% relative con-
tribution to the total antioxidant activity of apples measured
with the ABTS•+ method. (−)-Epicatechin and procyanidin B2

Figure 3. L-Ascorbic acid (mg/100 g fw) concentrations in different quince fruit varieties. Different lower or upper case letters (a, b, c, ...) denote
significant differences (P < 0.05) between variety, n = 3.

Table 3. Antioxidant Activity of Quince Varieties and
Genotypes (Micromoles Trolox Equivalents per Gram
Dry Weight)a

variety ABTS DPPH FRAP

Uspiech 2.3 ± 0.9a 2.5 ± 0.5a 1.5 ± 1.0a
Akademiczeskaja 1.9 ± 0.6b 2.2 ± 0.3c 1.0 ± 0.1d
Kaszczenko 2.0 ± 0.2b 2.2 ± 0.6c 1.3 ± 0.5b
Ronda 2.0 ± 0.5b 2.2 ± 0.3c 1.3 ± 0.1b
Portugesicka 2.4 ± 1.0a 2.4 ± 0.3b 1.6 ± 0.3a
Marija 1.1 ± 0.6e 1.1 ± 0.2e 0.7 ± 0.1ef
Bereczki 2.0 ± 1.0ab 2.1 ± 0.5c 1.3 ± 0.1b
Cezar 1.4 ± 0.2d 1.8 ± 0.2d 0.7 ± 0.2e
Leskovac ̌ 1.8 ± 0.1b 1.8 ± 0.1d 0.9 ± 0.1de
Darunok Onuk 1.4 ± 0.4d 1.7 ± 0.5d 0.7 ± 0.1e
Poźńa Rejmana 0.9 ± 0.1g 1.1 ± 0.0e 0.5 ± 0.1f
Konstantynopeler 1.5 ± 0.2c 1.9 ± 0.1d 0.9 ± 0.2d
Wołgogradzkaja Aromatnaja 1.0 ± 0.2f 1.1 ± 0.2e 0.4 ± 0.0g
S1K 1.0 ± 0.1fg 1.1 ± 0.1e 0.8 ± 0.3e
S3 1.1 ± 0.1f 1.0 ± 0.1ef 1.1 ± 0.2c
SDK 0.9 ± 0.0fg 1.0 ± 0.1e 0.7 ± 0.2e
BA29 0.9 ± 0.1g 1.2 ± 0.1e 0.6 ± 0.0f
S1 1.0 ± 0.1f 0.9 ± 0.1f 0.6 ± 0.1f
aValues are the means ± standard deviation, n = 3; in columns,
mean values with different letters (a, b, c, ...) are significantly different
at P < 0.05.
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contribution was the highest among major phytochemicals,
followed by quercetin glycosides (34.7%), whereas chlorogenic
acid (7.6%) had little contribution to the total antioxidant
activity.
Relationship between Phytochemical Content and

Total Antioxidant Activity. A point worth mentioning is the
contribution of each bioactive compound to the antioxidant
activity assays. When the contents of polyphenolic compounds
were individually correlated with ABTS, DPPH, FRAP, and
even L-ascorbic acid, it was clear that phenolic acid content was
highly correlated with all of these assays, whereas no significant
correlation was noted with the total flavan-3-ols (Table 4).

With regard to L-ascorbic acid, they were correlated with the
antioxidant activity, except for the FRAP assay in which only a
low relationship was observed. Different studies carried out
with fruits have reported differences relating to the poly-
phenolic compound contribution to the antioxidant capacity
assays,66 which results from their nature. Our data indicated
that polymeric procyanidins did not participate in the anti-
oxidant activity for fruit, as was corroborated by Oszmian ́ski
et al.;66 however, procyanidins have displayed important bio-
logical activities and were implicated in most of the beneficial
health properties of fruit.48 The obtained results suggested
different mechanisms of radical scavenging of polyphenols. At
the beginning, the reaction proceeds very quickly. It is likely
that the effective, low molecular weight antioxidants (chloro-
genic acid, (−)-epicatechin) participate in the first stage of the
reaction with the radical. The polymerized procyanidins are
mainly responsible for the antioxidant capacity when the mea-
surements are done after 10 min or later.
Polyphenolics are the most susceptible compounds to oxida-

tion by PPO (Table 4), but according to the literature,62 ascorbic
acid is more susceptible to being oxidized by PPO than poly-
phenols. When the correlation between PPO and phenolic
compounds was analyzed, a strong correlation was found
between flavan-3-ol and phenolic acid contents and PPO than
between the rest of the polyphenol class, L-ascorbic, and PPO.
This result confirmed that quince fruit had a very active PPO
enzyme and phenolic compounds, which ought to be protected
during food product preparation. However, in research by
Podsed̨ek et al.,62 no correlation was found between specific
phenolic groups or between PPO activity and phenolic or
ascorbic acid contents.
To conclude, the presented data clearly demonstrate that

compounds of the analyzed varieties of quince were char-
acterized by a high biological activity, especially compounds
belonging to flavan-3-ols. The analysis of the phenolic profile
clearly indicated that derivatives of quercetin and kaempferol
were the minor phenolic components of quince, whereas poly-
mers of procyanidins and chlorogenic acid derivatives
constituted the majority of the polyphenolics. The content of
flavonols is relatively consistent in different varieties. The con-
centration of procyanidins/flavan-3-ols is the most important
contributor to the antioxidant activity. Quince varieties and

their products that have a higher content of phenolic
compounds may be selected to promote their positive effect
on health.
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