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Improved HPLC Determination of Phenolic Compounds in
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A rapid HPLC-DAD determination of phenols in apple using an RP monolithic column is reported.
Because of the hydrodynamic advantages offered by this kind of column and the use of acidified
acetonitrile as eluent, assays of apple extracts can be performed in <21 min. Assays of pulp and
peel extracts were carried out without the need for time-consuming sample pretreatment except
filtration. Several flavanols, hydroxycinnamic acids, dihydrochalcones, and six quercetin glycosides
were identified and quantified. A seventh quercetin derivative, two chalcone-related compounds, and
three hydroxycinnamic derivatives were also found. Peels proved to be richer in phenols than pulps,
the former being composed mainly of (—)-epicatechin, procyanidin B2, chlorogenic acid, phloridzin,
hyperin, and avicularin. In pulps, where the chlorogenic acid was the principal phenolic compound,
quercetin glycosides were found in very low amounts.
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INTRODUCTION Table 1. Standard Compounds, Concentration Ranges, and

During the past decade, apple phenols have been subjected?avelengths Used To Optimize the Gradient Method
to a number of investigations due to their presence in the human

detection

diet (1) and beneficial effects on heal®)(Moreover, phenols wavelength  linear range
are involved in apple browning, which is one of the main compound chemical class (nm) (ug/mL)
problems in juice processing (8). Phenols are also important gallc acid hydroxybenzoic acid 280 0.6-205
because of their contribution to the color, taste, and flavor of  (4).catechin flavanol 280 0.5-40.0
the fruits (5). chlorogenic acid ~ hydroxycinnamic acid 320 0.6-45.0
Apple phenolic composition appears to be largely made up  procyanidin B2 flavan dimer 280 1.0-90.0
of flavanols, hydroxycinnamic acids, flavonol glycosides, and ~ P-coumaricacid  hydroxycinnamic acid 320 0.5-50.0
dihydrocalchones (6—10). For their determination, RP-HPLC ~ ()-épicatechin — flavanol 280 06-405
. . . ferulic acid hydroxycinnamic acid 320 0.6—-45.0
ha§ proved t'o' be the most appropriate technique, beln'g suf- hyperin flavonol glycoside 350 1.0-90.0
ficiently sensitive and precise. Unfortunately, HPLC run times  yuin flavonol glycoside 350 0.5-40.5
are often excessive and sometimes preceded by a time- phioridzin dihydrochalcone 280 0.6-42.0

consuming sample cleanup stéf {0—14). Only recently has

a fast separation of apple polyphenols been repo®edy),

the determination of the main phenols takin@5 min using a equilibration between runsl8). The present paper reports a

conventional RP C18 column. simple and fast method for the determination of the largest
However, nonconventional monolithic supports for column number of phenolic compounds in apple peels and pulps using

packing are increasingly attracting the interest of researchersa monolithic column and a diode array detector.

(16, 17). Due to their rigid and porous structure, they enable

higher solvent flows, shorter assay times, and fast column re- MATERIALS AND METHODS

- — — Reagents and SolventsSolvents were from Merck and of analytical
g *IA%?_TESSEOU_GSPFOWG”XS t% éq'§7algh|0r at th?t ?lpﬁrt;m%ntge d3|BS)C|enze or HPLC grade. Flavanol, hydroxycinnamic acids, and dihydrochalcones
egli Alimenti, Via Fanin 40, ologna, ltaly [telepho - ; : e
0512096015; fax (+39)0512096017; e-mail chinnici@agrsci.unibo.if. (1 aPle 1) were from Sigma (St. Louis, MO), whereas procyanidin B2,
t Dipartimento di Scienze degli Alimenti. hyperin (quercetin 3-galactoside), rutin (quercetin 3-rutinoside), quer-

§ Dipartimento Colture Arboree. citrin (quercetin 3-rhamnoside), and isoquercitrin (quercetin 3-glucoside)
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were purchased from Extrasynthese (Lyon, France). In all cases, water 2 280 mm
was of HPLC quality and purified in a Simplicity system (Millipore, pA
Bedford, MA). 5.0E+04]
Samples.Cv. Golden Delicious apples were harvested in Pergine
di Valsugana (Trent, Italy) on September 25, 2002, and stored for 20
days at 4°C to provide a comparable degree of maturation. Ten trees
were sampled, and six apples per tree were used to obtain representative, 4.4
and uniform starting material. Peels were separated from pulps using
a manual device for a reproducible peel thickness of 0.5 cm. For each
apple, separate portions of pulp slices and peels, 25 g, were exactly
weighed, freeze-dried, and stored until extraction. 505504 5
Extraction Procedure. Samples corresponding tel15 g of fresh
peel or pulp (representing six apples from the same tree) were extracted
at room temperature using an ultrasonic bath after the method of Escarpa
and Gonzalez1(5), with minor modifications. Samples were extracted
three times with aqueous 95% methanol containing 300 mg/L sulfur
dioxide as follows: 20 mL of solvent for 1 h, 10 mL for 1 h, and 10 t 6 '
mL for 30 min. The three extracts were combined and storedla 3 |
°C until analysis. All of the samples were filtered through a membrane
filter (0.22 um) before HPLC runs. 106404
HPLC Apparatus. HPLC separation was conducted using a Jasco
apparatus (Tokyo, Japan) equipped with a binary pump (PU 1580), a
20-uL loop, a Reodyne valve (Cotati, CA), a photodiode detector (PU
MD 910), and a column oven. The column was a Chromolith  ¢.oE+0M
Performance RP-18e (100 4.6 mm i.d.) (Merck, Darmstadt, Ger-
many). All runs were acquired and processed using Borwin 5.0 software
(JMBS Developments, Grenoble, France).
Chromatography. Detection was performed at 280 nm for gallic ~ -1.0e+04
acid, flavanols, and hydrochalcones, at 320 nm for hydroxycinnamic
acids, and at 350 nm for flavonol glycosides. Spectra were acquired
from 200 to 400 nm with the highest scanning resolution allowed by 500 0,00 1500 26.00 ]

the acquisition software (1 nm). The elution solvents were aqueous Figyre 1. Chromatogram of standard compounds under optimized HPLC
g-)01D xinpght(;msepggtrilr% igglt(ijor(mst?il":\/lesm()As)O/arrr]\itﬁggzl) ;;gtgggggetéssogxznrft conditions. For peak identification see Table 3. For chromatographic
A. The column was thermostated at 25 with a flow of 2.5 mL/min. ic:r:gggnasn:sﬁt to Materials and Methods. (x) Standard of isoguercitrin
Compounds Identification and Quantification. |dentification of '

the compounds was carried out by comparing their_ FEte”t‘O” times anOITable 2. Gradient Elution Conditions (A, 0.5% Methanol in 0.01 M
spec_tra to those o_f ;tandards when _avallable. Identn_‘led peaks were therhspod, 'B Acetonitrile) Y '
confirmed by spiking samples with standard mixtures. Unknown i
chromatographic peaks were tentatively identified via their spectral time (min) A (%) B (%) elution
features and by literature data.

2.0E+04] 8

o

ey
e A
P

Quantification was performed according to an external standard 12 ggs 18'5 linear gradient
method. Six standard mixtures, at the concentration ranges shown in 225 80 20 linear gradient
Table 1, were injected in triplicate to obtain calibration curvéalfle 235 2.5 35 linear gradient
3). For quercitrin and isoquercitrin the amount at our disposal was too 245 96.5 35 isocratic

small, and they were thus quantified as hyperin. For compounds lacking

standards, quantification was carried out with similar compounds. Thus, _ . .
phloretin 2-xyloglucoside was quantified as phloridzirgoumaroylqui- offered by the monolithic column with the better resolution

nic acid was quantified as coumaric acid, and reynoutrin (quercetin démonstrated by acetonitrile. Optimization was initially carried
3-xyloside) and avicularin (quercetin-3-arabinofuranoside) were quanti- OUt using 0.01 M HPQ, and acetonitrile for the separation of

fied as hyperin. the mixtures of standard compounds at the concentration ranges
Method Validation. Method linearity was evaluated by the square in Table 1.
correlation coefficients (R of the calibration curves generated with The optimized gradient was affected by the poor separation

six standard mixtures. Repeatability of peak areas was calculated bybetween (+4)-catechin and chlorogenic acid. The resolution of
the RSD of five injections carried out on the same day, whereas, for these compounds is very important because their content in
method reproducibility, five injections were randomly executed in a apples could be dramatically shifted to chlorogenic acid. A

20-day period. To evaluate method recovery, actual samples were Spikedmoderate addition (0.5%) of methanol to the 0.01 MPB

with mixtures of phenolic compounds & 5) and the percent ratio . . .
between the observed and expected concentrations was calculated. FoSrOIvent yielded a useful separation between (+)-catechin and

each single phenol, the limit of detection (LOD) was fixed as 3 times chIorqgenlc _a_C|d_. Moreover, the ad(_:iltlonal presence of this
the signal-to-noise ratio (S/N). organic modifier induced a faster elution of phloridzin, thereby
shortening the total run time. A solvent flow of 2.5 mL/min
was used to obtain a suitable compromise between plate height
and run time (19).

Method Optimization. Escarpa and Gonzalez compared both ~ The final gradient, reported ifiable 2, enabled the separation
acidified acetonitrile and methanol as eluents for rapid RP-HPLC of the 10 standard compounds 21 min (Figure 1) and
determination of phenols in apples and pedf) (Their results showed good values for repeatability and reproducibiliigifle
showed that methanol allows the most rapid separation of 3).
phenolic compounds, whereas acetonitrile gives the best resolu- LODs ranged from 0.2g/mL for coumaric acid to 1.=xg/
tion. It was thus decided to join the hydrodynamic advantages mL for procyanidin B2. These data are comparable with data

RESULTS AND DISCUSSION
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Table 3. Retention Times, Calibration Parameters, Method Robustness, and Recoveries for Standard Phenolic Compounds

tg (min) £ SD calibration curve repeatability reproducibility recovery (%) + SD
compound (n=5) a b R? RSD% (n =5) RSD% (n =5) LOD (ug/mL) (n=5)
1 gallic acid 1.18 +0.06 24351 -11060 0.9983 4.60 6.32 0.43 98.9+0.3
2 (+)-catechin 5.92+0.11 9275 876 0.9998 2.54 4.89 1.40 98.6+0.2
3 chlorogenic acid 6.16 +0.17 25606 809 0.9996 1.82 1.78 0.50 98.7+0.3
4 procyanidin B2 8.49+0.13 6878 —-3651 0.9992 451 4.80 1.50 90.4+05
5 p- coumaric acid 9.37+£0.10 57205 17225 0.9999 212 1.73 0.21 99.0+0.2
6 (—)-epicatechin 9.69+0.15 4643 -1159 0.9991 3.98 4.26 1.19 93.0+04
7 ferulic acid 11.62£0.14 50990 12176 0.9999 2.45 2.33 0.25 97.1+0.2
8 hyperin 16.57 £0.12 21512 1815 0.9999 1.47 1.25 0.33 95.1+04
9 rutin 16.87 £0.19 14491 —2254 0.9998 1.20 0.95 0.35 105.0£0.7
10 phloridzin 20.70 £ 0.10 20286 =173 0.9998 1.03 0.67 0.45 98.1+0.3

reported by Escarpa and Gonzalez with the exception of
flavanols, for which LODs were twice the values reported by gqe.n
those authors. Method recoveries, calculated by adding known
amounts of standard compounds to actual samples, @56 6.0E+04
for almost all of the compounds; only procyanidin B2 arg-
epicatechin showed lower recoveries, of 91 and 93%, respec-49e+4
tively.

Peak Identification. The method was applied to the analysis
of apple peel and pulp extracts (cv. Golden Delicious). The gz,
extraction of these matrixes was carried out using aqueous
methanol after the method of Escarpa and Gonz&glr5j with e 3
minor modifications. These authors had recoveries near 100%
for compounds representing all of the chemical classes under®®
analysis. Note that methanolic extraction is poorly effective with
highly polymerized procyanidins, the latter being exhaustively
extracted only when agqueous acetone is ug6e 22). Because 2.0E+04 E e
of this, RP-HPLC analysis of methanol extracts is simple and D
without unresolved clumps due to the coelution of highly eoe+oo
polymerized procyanidins (21).

Chromatograms of apple peel extracts are showRigure y
2. With the exception op-coumaric and ferulic acids, all of ~ 80&+0 M ﬁf
the compounds present in the standard mixture were identified60E+04 N R
in real samples (Table 5). Chromatograms at 280 nm were used
to quantify flavanols, procyanidins, and dihydrochalcones g4 E
(Figure 2). Flavanols other thant()-catechin, {-)-epicatechin,

H
and procyanidin B2 were also found. The spectra of these 20«4 gj
unknown peaks were very similar, and comparison of their r Uik

280 nmn

2.0E+04]

25.00 [min]

E+04] 320 nm

4 0E+04]

5.00 10.00 15.00 2000 25.00 [min]

spectral features enabled a tentative identification of some.  **

According to Bartolomé et al.2@) the maximum of the 500 10.00 15.00 2000 75.00 fmin]
second-derivative spectrum jfifor procyanidins is hypso-  Figure 2. Chromatogram of apple peel extract. Compounds present in
chromically shifted while increasing the number of units forming the standard mixture are numbered as in Table 3. Procyanidin oligomers
the oligomer. For each peak, the “mimax distance”, defined  are labeled with Roman numerals, and tentatively identified peaks are
as the difference between the wavelength of the maximum of lettered: (A) detection at 280 nm [for procyanidin provisional identification
the band around 280 nm aigd(both from the second-derivative ~ (Roman numerals), see Table 4; other peaks: 4 = procyanidin B2, 6 =
spectrum), was hence calculated and is reportedable 4. (—)-epicathechin, A = phloretin 2-xyloglucoside, B and C = unknown
Monomers such asH)-catechin and -)-epicatechin showed  phloretin derivatives, 10 = phloridzin]; (B) detection at 320 nm (peaks:
min—max distances of 30 nm, whereas, for the dimeric 3 = chlorogenic acid, D = cumaroyl derivative, E = p-coumaroylquinic
procyanidin B2, this value was 28 nm. Consequently, unknown acid, F = feruloyl derivative, G = coumaroy! derivative); (C) detection at
procyanidins showing minmax distances of 28 and 26 nm were 350 nm (peaks: 8 = hyperin, 9 = rutin, H = isoquercitrin, | = reynoutrin,
tentatively identified as dimers and trimers, respectively. L = unknown quercetin glycoside, M = avicularin, N = quercitrin).

Bartolomé and co-workers, who set the photodiode detector

for a scanning resolution of 0.2 nm, suggested that oligomeric with previous findings for apple methanolic extracts, which
procyanidins of ¢)-catechin and/or «)-epicatechin can be indicated an average degree of polymerization ned1342,
identified by reference to the value of the min—max distance, 24).
decreasing by 1.3 nm for each unit. In our case, due to the  ynknown monomers were also found (peaks Il and X). They
software limits, a scanning resolution of 1 nm was used, larger could correspond to<{)-epicatechin or (+)-catechin esterified
differences thus being found after derivative calculation. with a nonphenolic acid.

As shown inTable 4, only monomers, dimers, and trimers It should be stressed, however, that data obtained in such a
were identified in our samples. This is somewhat in accordance way (useful in the identification of unknown peaks correspond-
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Table 4. Spectral Features and Provisional Identification of Unknown Table 5. Contents of Phenolic Compounds in Peels and Pulps from
Flavanols of Figure 2 (for Details See the Text) Cv. Golden Delicious Apples
min—max second content (mg/kg of fresh wt)
tF.e Amax distance derivative _ prov_iQoqal peels pulps
peak (min) (nm) (nm) max (nm) identification
- compound min  max av¥+SD min max  av+RSD

| 4.69 281 28 249 dimer
2 5.92 281 30 247 (+)-catechin gallic acid nd° 51 154+123 nd <LOQ
1 6.84 281 30 247 unknown monomer (+)-Catechin <LOQ 1.3 0.77+£0.38 <LOQ 0.80 0.54+0.21
4 8.49 281 28 249 procyanidin b2 chlorogenic acid 86 110 101+16.7 672 112 88.7+£19.5
6 9.69 281 30 247 (-)-epicatechin procyanidin B2 129 164  142+189 277 525 411+105
1l 10.87 281 26 251 trimer (—)-epicatechin 197 255 231+219 391 592 482846
v 11.94 281 28 249 dimer p-coumaroylquinic 42 78 565+133 489 72 579+091
Vv 13.05 281 26 251 trimer acid°
VI 13.46 281 26 251 trimer hyperin 50 199  115+51.0 0.6 16 095+0.39
Vil 14.07 281 28 249 dimer rutin 28 134 6.76 £3.97 nd <LOQ
VI 15.18 281 28 249 dimer isoquercitrind 15 58 37.2+145 nd <LOQ
IX 17.56 281 26 251 trimer reynoutrind 281 711 489+16.2 143 28 198+0.50
X 17.76 281 30 247 unknown monomer avicularind 70.0 157 110+ 329 1.56 2.87 227+0.46
Xl 19.98 281 28 249 dimer quercitrind 53 151 94.0+36.0 506 100 7.76+1.95

phloretin 2- 32 58 40.0+9.01 6.7 10.7  8.62+141

xyloglucoside®
phloridzin 84 174 115+ 359 9.2 132 118152

ing to procyanidins that are commercially unavailable) need to
be carefully evaluated®@), and a further LC-MS confirmation
appears to be necessary.

Peak A showed a spectrum similar to that of phloridzin, with

Amax = 279 nm. Its retention.behavipr indicated the additiopgl An unknown flavonol glycoside, with am/z of 433 (referable
presence of a more polar moiety. This peak was hence identified;q 5 quercetin pentoside), was also reported by Schieber et al.
as phloretin 2-xyloglucoside, a main phenol in apple and early (14).

proposed as a marker for apple produdis}. Two other minor Overall, when compared to the method proposed by Escarpa
peaks (B and C) were identified as phloretin derivatives on the 54 Gonzalez (915), the present approach enabled a more

basis of their spectra. Because of the intermediate polarity, agjtaple separation of the main apple phenols in virtually the
(di)glucoside structure can be supposed. Recently, 3-hydroxy-same elution time. Because of the good column selectivity,

2 Mean values of 10 samples. ° Not detected. ¢ Quantified as p-coumaric acid.
d Quantified as hyperin. & Quantified as phloridzin.

phloretin was identified in apple pomace extradls Moreover,  procyanidins could be provisionally classified as to their
it has been reported that phloridzin can be partially replaced polymerization degree. Moreover, whereas Escarpa and Gonza-
by phloretin 4-glucoside and 3-hydroxyphloretin-glucoside |ez identified four or five glycosides of quercetin (respectively
(25), with acidified methanol or acetonitrile as eluent), all six

Figure 2B shows the chromatogram at 320 nm. With quercetin glycosides reported in the literature as apple constitu-
chlorogenic acid, other hydroxycinnamic derivatives were ents were separated and quantified using our method.
detected (peaks D—G). Only peak E could be assigned to Application. Table 5 lists the phenolic composition of the
coumaroylquinic acid, a compound often reported in apple pulps 10 samples of apple peel and pulp. In peels)-épicatechins,

(3, 4, 9, 11). Peak F, withlya at 320 nm, was tentatively  procyanidin B2, phloridzin, and chlorogenic acid were the main
identified as a feruloyl derivative on the basis of its spectrum. phenols, with contents varying from 255 mg/kg for)¢

Flavonol glycosides were detected at 350 rfig(re 2C). epicatechin to 86 mg/k_g for_ch_lorogenic acid. The_sg values
Apart from hyperin and rutin (peaks 8 and 9), isoquercitrin and 1argely agree with previous findings for Golden Delicio@s (
quercitrin (peaks H and N, respectively) were also identified 26) OF other cultivar peelsg( 29). Hyperin, avicularin, and
by comparing their retention times with those of authentic GUercitrin proved to be the principal quercetin glycosides, rutin
standards. Unfortunately, for these two flavonol glycosides the bgmg the least abundant. This latter finding is in accordance
standard amounts were too small to permit the construction of with data reporFed by Mayr et al2€) and ,by .Lu.and Foog)

a suitable calibration curve. Quercitrin and isoquercitrin were but contrasts W't.h Escarpa an(_j Gonzalez’s fl_ndlngs, vyho found
thus quantified as hyperin. Peak M showed@x of 350 nm, a large p'fedom'”ar?ce of rutin. As founpl in_our t_rlals, t_he
with a 4 nm bathochromic shift when compared with other problematic separation of rutin and hyperin and their possible

uercetin glycosides. According to Mayr et 26), this feature coelution could have affected the quantification carried out by
q gly U ng y ’ Escarpa and Gonzalez (who reported, in fact, only five quercetin
could correspond to avicularin.

) ) ) _glycosides), explaining these differences.

The fIavongI glyco_S|de elutl_on order we obta_lned was i \when compared with peels, apple pulps were poorer in
agreement with previous studies conducted using RP-HPLC yhanglic compounds. Chiorogenic acid was the most abundant
under acgtpnltrlle elut_lorB( 14), and so_the remaining peak | phenol, followed by €)-epicatechin and procyanidin B2.
was provisionally assigned to reynoutrin. Quercetin glycosides, represented almost exclusively by avicu-

An additional unknown flavonol glycoside was found (peak larin, quercitrin, and reynoutrin, were in very low amounts.
L). Very recently, Lommen et al.2(/) reported a seventh  Phloridzin and phloretin 2-xyloglucoside were identified in all
quercetin glycoside. By coupling HPLC-NMR-MS, they nar- pulp extracts, confirming their potential use as markers for apple
rowed its identity to quercetin 3-arabinopyranoside (guajeverin) juice (14).
or 3-apiofuranoside, the latter being an uncommon flavonol Our data suggest, because of the beneficial effects of
glycoside due to the presence of apiose, a sugar thought to bgolyphenols on human health, that the consumption of unpeeled,
diagnostic for the hairy region of rhamnogalacturonar2B)( pesticide-free apples should be encouraged.



HPLC Analysis of Apple Phenols with a Monolithic Column
LITERATURE CITED

(1) Justesen, U.; Knuthsen, P.; Torben, L. Determination of plant
polyphenols in Danish foodstuffs by HPLC-UV and LC-MS
detection.Cancer Lett.1997,114 (1-2), 165—167.

(2) Pearson, D. A.; Tan, C. H.; German, J. B.; Davis, P. A,
Gershwin, M. E. Apple juice inhibits human low-density
lipoprotein oxidationLife Sci.1999,64, 1913—1920.

(3) Olesek, W.; Lee, C. Y.; Jaworski, A. W.; Price, K. R. Identifica-
tion of some phenolic compounds in applds.Agric. Food
Chem.1988,36, 430—432.

(4) Spanos, G. A.; Wrolstad, R. E. Phenolics of apple, pear, and
white grape juices and their changes with processing and
storage—a review. J. Agric. Food Cheh992,40, 1478—1487.

(5) Lea, A. G. H.; Arnold, G. M. J. The phenolics of ciders:
bitterness and astringency.. Sci. Food Agric1978,29, 478—
483.

(6) Suérez, B.; Picinelli, A.; Mangas, J. J. Solid-phase extraction

and high performance liquid chromatographic determination of

polyphenols in apple musts and cidefsChromatogr. AL996,

727, 203—209.

Kermasha, S.; Goetghebeur, M.; Dumont, J.; Couture, R.

Analyses of phenolic and furfural compounds in concentrated

and non-concentrated apple juicEsod Res. Int1995,28 (3),

245—-252.

Lu, Y.; Foo, L. Y. Identification and quantification of major

polyphenols in apple pomacEood Chem1997,59 (2), 187—

194,

Escarpa, A.; Gonzalez, M. C. High-performance liquid chroma-

tography with diode-array detection for the determination of

phenolic compounds in peel and pulp from different apple

varieties.J. Chromatogr. A1998,823, 331—337.

(10) Gomis, D. B.; Palomino, N. F.; Alonso, J. J. M. Capillary liquid
chromatographic determination of neutral compounds in apple
juices.Anal. Chim. Acta2001,426, 111—-117.

(11) Hernandez, T.; Ausin, N.; Bartolomé, B.; Bengoechea, L.;
Estrella, I.; Gomez-Cordovés, C. Variations in the phenolic
composition of fruit juices with different treatmeni.Lebensm.
Unters. Forsch. A1997,204, 151—155.

(12) Will, F.; Bauckhage, K.; Dietrich, H. Apple pomace liquefaction
with pectinases and cellulases: analytical data of the corre-
sponding juicesEur. Food Res. Techna2000,211, 291—297.

(13) Lu, Y.; Foo, L. Y. Constitution of some chemical components
of apple seedFood Chem1998,61 (1/2), 29—33.

(14) Schieber, A.; Keller, P.; Carle, R. Determination of phenolic acids
and flavonoids of apple and pear by high-performance liquid
chromatographyJ. Chromatogr. A2001,910, 265—273.

(15) Escarpa, A.; Gonzalez, M. C. Fast separation of (poly)phenolic
compounds from apples and pears by high-performance liquid
chromatography with diode-array detectian.Chromatogr. A
1999,830, 301—309.

(16) Castellari, M.; Sartini, E.; Fabiani, A.; Arfelli, G.; Amati, A.
Analysis of wine phenolics by high-performance liquid chro-

@)

®)

©)

J. Agric. Food Chem., Vol. 52, No. 1, 2004 7

matography using a monolithic type colunih.Chromatogr. A
2002,973, 221—-227.

(17) Sykora, D.; Svec, F.; Fréchet, J. M. J. Separation of oligonucle-
otides on novel monolithic columns with ion-exchange functional
surfacesJ. Chromatogr. AL1991,852, 297—304.

(18) Kele, M.; Guiochon, G. Repeatability and reproducibility of
retention data and band profiles on six batches of monolithic
columns.J. Chromatogr. A2002,960, 19-49.

(19) Cabrera, K.; Wieland, G.; Lubda, D.; Nakanishi, K.; Soga, N.;
Minakuchi, H.; Unger, K. K. SilicaROD—A new challenge
in fast high-performance liquid chromatography separations.
Trends Anal. Chenl998,17, 50-53.

(20) Lu, Y.; Foo, L. Y. The polyphenol constituents of grape pomace.
Food Chem1999,65, 1-8.

(21) Guyot, S.; Marnet, N.; Laraba, D.; Sanoner, P.; Drilleau, J.-F.
Reversed-phase HPLC following thiolysis for quantitative esti-
mation and characterization of the four main classes of phenolic
compounds in different tissue zones of a French cider apple
variety (Malus domestic¥ar. Kermerrien)J. Agric. Food Chem
1998,46, 1698—1705.

(22) Guyot, S.; Marnet, N.; Drilleau, J.-F. Thiolysis-HPLC charac-
terization of apple procyanidins covering a large range of
polymerization statesl. Agric. Food Chem2001,49, 14-20.

(23) Bartolomé, B.; Hernandez, T.; Bengoechea, M. L.; Quesada, C.;
Gomez-Cordovés, C.; Estrella, |. Determination of some struc-
tural features of procyanidins and related compounds by pho-
todiode-array detectionl. Chromatogr. A1996, 723, 19-26.

(24) Guyot, S.; Doco, T.; Souquet, J.-M.; Moutounet, M.; Drilleau,
J.-F. Characterization of highly polymerized procyanidins in cider
apple (Malus sylvestrivar. Kermerrien) skin and pul@hy-
tochemistryl997,44, 351—357.

(25) Williams, A. H. Dihydrocalchones dflalus species.J. Chem.
Soc.1961, 4133—4136.

(26) Mayr, U.; Treutter, D.; Santos-Buelga, C.; Bauer, H., Feucht,

W. Developmental changes in the phenol concentrations of

“Golden delicious” apple fruits and leavdzhytochemistryL995

38, 1151—-1155.

Lommen, A.; Godejohan, M.; Venema, D. P.; Hollman, P. C.

H.; Spraul, M. Application of directly coupled HPLC NMR-

MS to the identification and confirmation of quercetin glycosides

and phloretin glycosides in apple peéhnal. Chem2000,72,

1793—-1797.

Doco, T.; Williams, P.; Vidal, S.; Pellerin, P. Rhamnogalactur-

onan Il, a dominant polysaccharide in juices produced by

enzymic liquefaction of fruits and vegetablé€xarbohydr. Res.

1997,297, 181—-186.

Perez-lizarbe, J.; Hernandez, T.; Estrella, I. Phenolic compounds

in apples; varietied differencieZ. Lebensm. Unters. Forsch.

1991,192, 551-554.

27)

(28)

(29)

Received for review June 24, 2003. Revised manuscript received
September 25, 2003. Accepted September 29, 2003.

JF030459N



