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The proximate composition and identification and quantification of polyphenolic compounds in dried

cranberry pomace were determined. Proximate analysis was conducted based on AOAC methods

for moisture, protein, fat, dietary fiber, and ash. Other carbohydrates were determined by the

difference method. Polyphenolic compounds were identified and quantified by HPLC-ESI-MS. The

composition of dried cranberry pomace was 4.5% moisture, 2.2% protein, 12.0% fat, 65.5%

insoluble fiber, 5.7% soluble fiber, 8.4% other carbohydrates, 1.1% ash, and 0.6% total polyphe-

nolics. It contained six anthocyanins (111.5 mg/100 g of DW) including derivatives of cyanidin and

peonidin. Thirteen flavonols were identified (358.4 mg/100 g of DW), and the aglycones myricetin

(55.6 mg/100 g of DW) and quercetin (146.2 mg/100 g of DW) were the most prominent.

Procyanidins with degrees of polymerization (DP) of 1-6 were identified (167.3 mg/100 g of

DW), the most abundant being an A-type of DP2 (82.6 mg/100 g of DW).
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INTRODUCTION

Cranberry pomace is the main byproduct of the cranberry-
processing industry. It is composed primarily of skin, seeds, and
stems left over after pressing the fruit for juice or preparing it for
canning. Cranberry pomace has limited applications in animal
feeds because of its low protein content, and it presents environ-
mental problems when it is disposed of in the soil or landfills
because of its low pH (1). It is important to the cranberry-
processing industry that alternate uses of cranberry waste ma-
terial be evaluated.

Fruits, including cranberries, are often touted for their health
benefits (2). Historically, cranberry juice has been consumed to
prevent urinary tract infections. These and other health benefits,
including reduced risks of cancer and cardiovascular disease, are
believed to be due to the presence of various polyphenolic
compounds, including anthocyanins, flavonols, and procyani-
dins (3, 4). Given that the seeds and skins of fruits are known to
contain significant levels of polyphenolics, cranberry pomace,
which includes seeds and skins, should be explored as a source of
these compounds.

Anthocyanins are pink, blue, red, or purple pigments that are
present primarily in epidermal tissues of fruits and vegetables (5).
They may be present in different forms based on pH, which, in
turn, determines whether they are colored or uncolored. They are
generally glycosylated with various sugars that increase their
stability. The aglycone forms of anthocyanins, known as antho-
cyanidins, are very unstable. There are six major anthocyanidins

naturally present, and the two commonly found in cranberries,
cyanidin and peonidin, are presented in Figure 1a,b.

Flavonols are a class of flavonoids that are characterized by a
hydroxyl group at position 3, a carbonyl group at position 4, and
a double bondbetween carbons 2 and 3 on theC ringof the flavan
structure. Quercetin and myricetin are the two flavonols com-
monly found in cranberries (Figure 1c,d). Like anthocyanins,
flavonols are typically glycosylated. They may also be acylated
with phenolic acids (6). Unlike anthocyanins, flavonols are
typically colorless, but they absorb light strongly in the UV range
and appear yellow at high concentrations. Cranberries contain
particularly high levels of derivatives of the flavonol quercetin
compared to other fruits.

Procyanidins are a class of polymeric flavonoids composed of
flavan-3-ol units, primarily epicatechin, which may be converted
to cyanidin upon heating with acid (7). Epicatechinmonomers, in
turn, may be linked together by one of two options. The most
common linkages between the flavan rings are the 4β f 8 and
4βf 6, which are B-type linkages (Figure 1e). TheA-type linkage
is less commonandconsists of both4βf8and2βfOf 7 linkages
(Figure 1f ) (8). Degree of polymerization (DP) in reference to
procyanidins is the number of monomers linked together through
either A- or B-type linkages to form oligomers or polymers.

Cranberries contain high levels of procyanidins, which have
been shown to have antioxidant properties due to their reducing
ability (7). They are also able to bind proteins and metal ions,
which may further contribute to their health benefits (7). Procya-
nidins from cranberry have been recognized for anticancer
properties and inhibition of bacterial adhesion to the urinary
tract and human gastric mucus (9, 10).
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Althoughmuchwork has been done to determine polyphenolic
compounds and their quantities present in fresh cranberry fruit,
there is little qualitative or quantitative information on the
compounds that remain in the pomace. Identification and sub-
sequent quantification of the polyphenolics present in cranberry
pomace could lead to further studies on extraction of the
compounds to be used as nutraceuticals or as natural additives
to juices and other beverages, therefore adding the aforemen-
tioned health benefits to these products. This paper outlines the
proximate composition as well as the identification and quanti-
fication of the major polyphenolic compounds present in cran-
berry pomace.

MATERIALS AND METHODS

Chemicals. HPLC-grade acetone, methanol, acetonitrile, acetic acid,
and formic acid were obtained from EMD Biosciences (Madison, WI).
SephadexLH-20was purchased fromSigmaChemicalCo. (St. Louis,MO).

Reference Compounds. Anthocyanin standards of cyanidin-3-gluco-
side and peonidin-3-glucoside were purchased from Polyphenols Labora-
tories (Sandnes,Norway). A standard consisting of procyanidin oligomers
purified from cocoa was obtained from Masterfoods (Hacketstown, NJ).
Quercetin and myricetin standards were purchased from Sigma Aldrich
(St. Louis, MO).

Sample.Dried cranberry pomace was obtained fromDecas Cranberry
Co. (Carver, MA). The pomace was a blend of several cranberry varieties.
Itwas ground to a powder by passage through a 1000μmsieve screenusing
a Cyclone sample mill (Udy, Fort Collins, CO) and stored at-70 �C until
analysis.

Proximate Analysis. Ground cranberry pomace was analyzed for
proximate composition by AOAC methods for moisture (925.10), crude
protein (960.52), crude fat (920.39), ash (900.02), and dietary fiber

(985.29). Other carbohydrates were determined according to the difference
method by subtracting the other components from 100. All analyses were
performed in triplicate and values averaged.

Extraction of Polyphenolics. Polyphenolics from cranberry pomace
were extracted with acetone/water/acetic acid (70:29.5:0.5 v/v/v) using
a Euro Turrax Tissuemizer (Tekmar-Dohrman Corp., Mason, OH).
Samples (1 g) were added to 20 mL of solvent, homogenized for 1 min,
and filtered through Miracloth (Calbiochem, LaJolla, CA). The residue
was collected, and twomore extractionswere performed. The filtrates were
pooled, and the volume of the extract was adjusted to 100 mL with
extraction solvent. Extracts were stored at -70 �C until analysis. Extrac-
tions were performed in triplicate.

Sephadex LH-20 Isolation of Procyanidins. A cleanup step was
conducted according to the methods of Gu et al. (11) to eliminate
interfering compounds for analysis of procyanidins. Three grams of
Sephadex LH-20 was hydrated for 4 h and packed into a 6 � 1.5 cm
column. The columnwas attached to a Sep-Pak vacuummanifold (Waters
Corp., Milford, MA) connected to a vacuum pump. Polyphenolic extract
(10mL)was concentrated using aSpeedVac concentrator (ThermoSavant,
Holbrook, NY) to remove the acetone from the solvent mixture prior to
cleanup. Concentrated extracts were loaded onto the column and eluted
with 40 mL of aqueous methanol (30% v/v) to remove sugars, phenolic
acids, anthocyanins, and flavonols; this fraction was discarded. The
columns were then eluted with 80 mL of aqueous acetone (70% v/v); this
fraction, containing procyanidins, was collected.

Reverse-Phase High-Performance Liquid Chromatography

(HPLC) Analysis of Anthocyanins. Anthocyanins were analyzed with
a Waters Alliance model Delta 600 HPLC (Waters Corp., Milford, MA),
equipped with a model 600 pump, a model 717 Plus autosampler, and a
model 2996 photodiode array detector. Polyphenolic extract (8 mL) was
concentrated, resuspended in 1mLof 3%formic acid, and filtered through
a 0.45 μm filter prior to HPLC analysis. Compounds were separated on a
4.6 � 250 mm Symmetry C18 column (Waters Corp.) using the reverse-
phase HPLC method described by Cho et al. (12). The mobile phase
consisted of a linear gradient of 5%formic acid (A) andmethanol (B) from
2 to 60% B for 60 min with a flow rate of 1 mL/min. Anthocyanins were
detected at 520 nmandwere quantified using external calibration curves of
amixture of anthocyanin glucoside standards (Polyphenols Laboratories).

Reverse-Phase Analysis of Flavonols.Flavonols were analyzed with
a Waters HPLC system. Polyphenolic extracts (8 mL) were concentrated,
resuspended in 1 mL of 50% methanol, and filtered through a 0.45 μm
filter prior to HPLC analysis. Compounds were separated using an Aqua
5 μm, 250 � 4.6 mm C18 column (Phenomenex, Torrance, CA) using
reverse-phase HPLC. A binary gradient consisted of 2% acetic acid (A)
and 0.5%acetic acid in water/acetonitrile (1:1 v/v) (B). The linear gradient
consisted of 0-50 min, 10-55% B; 50-60 min, 55-100% B; 60-65 min,
100-10% B; 65-70 min, 10% B isocratic. The peaks were monitored at
360 nm, and compounds were quantified as quercetin or myricetin
equivalents using external calibration curves of authentic standards.

HPLCAnalysis of Procyanidins. Procyanidins were analyzedwith a
Waters Alliance 2690 HPLC (Waters Corp.) equipped with a Waters
model 474 fluorescence detector according to themethodofHammerstone
et al. (13) with slight modifications. The eluent from the isolation of
procyanidins was collected, concentrated, and resuspended in 2 mL of
acetone,water, and acetic acid (70:29.5:0.5 v/v/v) and then filtered through
a 0.45 μmnylon filter prior toHPLC analysis. Compounds were separated
using a 5 μm, 250� 4.6mmLuna silica column (Phenomenex). The binary
gradient consisted of dichloromethane, methanol, water, and acetic acid
[(A) 82:14:2:2; v/v/v/v] and methanol, water, and acetic acid [(B) 96:2:2; v/
v/v]. The gradient was as follows: 0-20 min, 0-11.7% B; 20-50 min,
11.7-25.6%B; 50-55min, 25.6-87.7%B; 55-65min, 87.7%B isocratic;
65-70 min, 87.7-0% B. This was followed by a 5 min equilibration
period. The peaks were monitored by fluorescence detection with excita-
tion at 276 nmand emission at 316 nm, and compoundswere quantified on
the basis of an external calibration curve of a mixture of standard
procyanidins purified from cocoa, which ranged from monomers to
decamers (14).

High-Performance Liquid Chromatrography-Electrospray

Ionization-Mass Spectrometry (HPLC-ESI-MS) of Polyphenols.
Individual anthocyanins and flavonols were identified by HPLC-ESI-MS
usinganHP1000seriesHPLCconnected toaBrukerEsquire2000quadrupole

Figure 1. Structures of common polyphenolics found in cranberries: (a)
cyanidin; (b) peonidin; (c) quercetin; (d) myricetin; (e) procyanidin dimer
exhibiting a B-type linkage; (f) procyanidin dimer exhibiting an A-type
linkage.
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ion trap mass spectrometer (Bruker Daltronics, Billerica, MA). HPLC
separations of the compounds were conducted as previously described. Data
were collected in the positive ion electrospray mode for anthocyanin analysis
and in thenegative ion electrospraymode for flavonols.Conditionsof themass
spectrometer were as described by Cho et al. (12).

Procyanidins were also identified by HPLC-ESI-MS using an Agilant
1100 series HPLC (Agilent Technologies, Palo Alto, CA) equipped with a
UV-vis detector. HPLC separations of the compoundswere conducted as
previously described. The HPLC was connected to a Bruker Esquire ion
trap mass spectrometer (Bruker Daltronics). Conditions of the mass
spectrometer were as described by Gu et al. (8).

Matrix-Assisted Laser Desorption/Ionization-Time-of-Flight

Mass Spectrometry (MALDI-TOF-MS) of Procyanidins. The pro-
cyanidin extract resulting from Sephadex LH-20 solid phase extraction was
mixed in a 1:1 ratio with 1 M dihydroxybenzoic acid (DHB) in 90%
methanol. The sample (2 μL) was spotted onto a ground stainless steal
MALDI target using the dry dropletmethod.Analysis was conducted using
a Bruker Reflex III MALDI-TOF-MS. The system was equipped with a
337 nmN2 laser, and datawere obtained in the positive ion reflectronmode.

RESULTS AND DISCUSSION

Proximate Analysis. Cranberry pomace was analyzed for
moisture, crude protein, crude fat, and ash. Total carbohydrates
were determined by the difference method. The results of prox-
imate analysis are presented in Table 1. The pomace was
composed mainly of insoluble dietary fiber (65.5%) with smaller
portions of fat, soluble fiber, protein, and ash. Thiswas consistent
with studies performed on cranberry cell wall material, which
found that the majority of the cell wall consisted of cellulose,
pectin, and hemicellulose withminor levels of protein, fat, starch,
and ash (15). The relatively high fat content of cranberry pomace
(12.0%) can be attributed to oil from the cranberry seeds andwax
present on the skins (16).

Anthocyanins. Six anthocyanin glycosides were identified by
HPLC-ESI-MS in cranberry pomace. The HPLC chromatogram
(Figure 2) indicated the presence of six peaks with baseline
separation. Mass spectral data used for peak identification
and quantification of individual anthocyanins are presented in
Table 2. The anthocyanins identified were the galactosides,
glucosides, and arabinosides of cyanidin and peonidin. Cyanidin
3-arabinoside was the most prominent anthocyanin, followed
by peonidin 3-arabinoside, peonidin 3-galacoside, and cyanidin
3-galactoside. Minor amounts of peonidin 3-glucoside and
cyanidin 3-glucoside were also observed. This was consistent with
anthocyanins identified in fresh cranberries byWuandPrior (17).

Peaks with the same mass spectral fragmentation properties
were identified on the basis of HPLC elution order. On the C18

column used for anthocyanin separation, compounds eluted in
order of decreasing polarity; therefore, the galactoside of cyanidin
eluted first, followed by its glucoside and then its arabinoside.
This preceded the galactoside, glucoside, and arabinoside of
peonidin. The pomace contained a total of 121.4 ( 5.9 mg/100 g
of DW anthocyanins. We analyzed fresh cranberries that were
either of the variety Howe or Early Black and found that they
contained 562 mg/100 g of DW of total anthocyanins. Values in
the pomace, however, were comparable to those of a spray-dried
cranberry extract, which contained 160 mg/100 g of DW (18).

Some anthocyanins that are present in fresh cranberries, but do
not remain in the cranberry pomace, are expressed in the
cranberry juice; however, others may be degraded by heat or
enzymes during the mashing step. Anthocyanins are very heat
labile (19) and may have been degraded due to the heat applied
during juice processing. Fresh fruits contain polyphenol oxidase,
an enzyme that is responsible for tissue browning by conversion
of phenolic substances to quinones, which polymerize to give
brown pigments. Upon crushing of fruit during juicing, poly-
phenol oxidase comes into contact with phenolics, which are
released from the vacuoles, causing degradation. Anthocyanins
can also be degraded by pectinase enzymes, which are used in the
juicing industry to improve juice extraction. Wightman and
Wrolstad (20) found that enzyme preparations used in cranberry
juicing contain glycosidase activity, specifically β-galactosidase
activity, capable of destabilizing the anthocyanins by producing
aglycones.

Flavonols. Cranberries have one of the highest flavonol con-
tents of all fruits and berries (21). The major flavonol in both
freeze-dried cranberry powder and fresh fruit is quercetin-3-
galactoside, followed by quercetin-3-rhamnopyranoside and
quercetin-3-arabinofuranoside in freeze-dried powder and fresh
fruit, respectively (22, 23).

Thirteen flavonols were identified in cranberry pomace by
HPLC-ESI-MS (Table 3 and Figure 3). Most of the flavonols
identified were glycosides of myricetin and quercetin; however,
high amounts of myricetin and quercetin as aglycones were
identified (55.6 and 146.2 mg/100 g of DW, respectively). Fresh
fruit analyzed in our laboratory (Early Black orHowe) contained
only 3.71 and 3.65 mg/100 g of DW of myricetin and quercetin,
respectively. Because these compounds were not present in high
levels in the fresh fruit, they must be a result of processing. As
previously mentioned, pectinase enzymes are often used during
juice processing to improve juice yield. These pectinase enzyme
mixtures have glycosidase activity capable of cleaving the sugar
from the flavonol glycoside, leaving the aglycone (20). Unlike
anthocyanin aglycones, flavonol aglycones are stable enough to
beobservedbyHPLC.Aglycones ofmyricetin andquercetinwere
also found in a processed cranberry powder (22).

Additionally, twounique flavonols, quercetin coumaroyl galacto-
side and quercetin benzoyl galactoside, both acylated flavonols,
were found in cranberry pomace. These flavonols are not typi-
cally found in fresh cranberries and are also likely formed as a
result of processing. Quercetin coumaroyl galactoside was found
in Ledum palustre L. (24), whereas quercetin benzoyl galactoside
has been reported in a processed cranberry powder (22) and only
recently for the first time in fresh cranberries (25). Mass
spectral data indicate two flavonols with fragmentation patterns

Table 1. Proximate Composition of Cranberry Pomace

component crude content (g/100 g) component crude content (g/100 g)

moisture 4.5 insoluble fiber 65.5

protein 2.2 soluble fiber 5.7

fat 12.0 other carbohydratesa 8.4

ash 1.1 total polyphenolics 0.6

aCarbohydrate content was determined by the difference method.

Figure 2. HPLC chromatogram of anthocyanins in cranberry pomace
identified by HPLC-ESI-MS and detected at 520 nm. See Table 2 for
peak identification.
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corresponding to quercetin 3-arabinoside in cranberry pomace,
indicating
different conformations of the same flavonol. Vvedenskaya
et al. (22) identified quercetin 3-arabinoside in both the pyranose
and furanose forms in cranberry powder using nuclear magnetic
resonance.

The pomace contained 358.4 ( 16.3 mg/100 g of DW total
flavonols. To compare this to the fresh fruit, fresh cranberries
(Early Black or Howe) were analyzed in our laboratory for
flavonols and found to contain 651.5 mg/100 g of DW. This

suggests that appreciable levels of flavonols from fresh cranberries
were not expressed in the juice; that is, they were retained in the
pomace, and are stable during processing.

Procyanidins.Cranberry pomacewas analyzed for the type and
size of procyanidins present. The HPLC profile with fluorescence
detection of procyanidins in cranberry pomace is presented in
Figure 4, and data on the identification and quantification of
procyanidins can be found in Table 4. The HPLC chromatogram
indicates the presence of a small amount of momomeric
epicatechin and catechin (DP1), which was confirmed using

Table 2. Peak Identification, Retention Times, Mass Spectral Data, and Quantification of Anthocyanin Glycosidesa Detected in Cranberry Pomace Using HPLC-
ESI-MS

mass to charge ratios (m/z)

peak retention time (min) anthocyanin [M þ H]þ fragments concentrationb (mg/100 g of DW)

1 30.6 cyanidin-3-galactoside 449 287 [M- galactose] 13.2( 0.2

2 32.2 cyanidin-3-glucoside 449 287 [M- glucose] 4.5 ( 0.2

3 33.6 cyanidin-3-arabinoside 419 287 [M- arabinose] 49.6( 6.8

4 35.2 peonidin-3-galactoside 463 301 [M- galactose] 20.1( 0.5

5 36.7 peonidin-3-glucoside 463 301 [M - glucose] 7.4( 0.3

6 38.1 peonidin-3-arabinoside 433 301 [M- arabinose] 26.6( 0.5

total 121.4( 5.9

aData expressed as equivalents of cyanidin or peonidin glucosides. bMean ( standard deviation (n = 3).

Table 3. Peak Identification, Retention Times, Mass Spectral Data, and Quantification of Flavonolsa Detected in Cranberry Pomace Using HPLC-ESI-MS

mass to charge ratios (m/z)

peak retention time (min) flavonol [M - H]- fragments concentrationb (mg/100 g of DW)

1 36.4 myricetin 3-xyloside 449 316 [M - xylose] 1.5( 0.3

2 37.3 myricetin 3-arabinoside 449 316 [M- arabinose] 1.8( 0.1

3 38.3 quercetin 3-galactoside 463 300 [M- galactose] 12.8( 3.6

4 41.0 quercetin 3-xyloside 433 300 [M- xylose] 5.5 ( 0.3

5 42.0 quercetin 3-arabinopyranoside 433 300 [M- arabinose] 15.2( 3.6

6 43.4 quercetin 3-arabinofuranoside 433 300 [M- arabinose] 16.7( 3.5

7 44.2 quercetin 3-rhamnoside 447 300 [M- rhamnose] 18.5( 3.4

8 48.0 myricetin 317 (myricetin) 55.6( 2.6

315 [M- xylose]

9 49.0 methoxyquercetin 3-xyloside 447 300 [M- xyloseþmethoxy] 11.4( 3.7

10 55.1 quercetin 3-coumaroyl galactoside 609 463 [M- galactose], 300 [M- coumaric acidþ galactose] 2.3( 0.3

11 55.7 unidentified 583 316 12.1( 3.5

12 58.1 quercetin 300 (quercetin) 146.2( 22.7

13 58.7 quercetin 3-benzoyl galactoside 567 300 27.5( 3.4

total 358.4( 16.3

a Flavonols are expressed as quercetin or myricetin equivalents. bMean ( standard deviation (n = 3).

Figure 3. HPLCchromatogram of flavonols in cranberry pomace identified
by HPLC-ESI-MS and detected at 360 nm. See Table 3 for peak
identification.

Figure 4. HPLC chromatogram of procyanidins in cranberry pomace
identified by HPLC-ESI-MS and detected by fluorescence with ex 276
nm and em 316 nm. See Table 4 for peak identification.
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external standards. The mass spectral data (Figure 5) indicate
the presence of both A- and B-type linkages in the procyanidins.
An A-type dimer was the primary procyanidin, with minor levels
of A-type trimers, tetramers, and higher oligomers. These find-
ings were consistent with those of Gu et al. (8), who used
LC-MS/MSonan extract fromwhole cranberries to identify several

procyanidin oligomers in cranberry containing A-type linkages
and the location of the linkage. The researchers also per-
formed thiolytic degradation of procyanidins in the cranberries
to determine their DP. Excluding the monomeric flavan-3-ols,
the average DP was 8.5 and, including the monomers, the DP
was 8.3.

Table 4. Peak Identification, Mass Spectral Data, and Quantification of Procyanidins Detected in Cranberry Pomace by HPLC-ESI-MS

peak procyanidin mass to charge ratio (m/z) concentrationa (mg/100 g of DW)

DP1 monomers (catechin/epicatechin) 289 5.8 ( 0.4

DP2 (A) A-type dimerb 575 82.6( 2.3

DP2 (B) B-type dimer 577 4.4( 0.7

DP3 (A) A-type trimerc 863 30.8( 2.5

DP3 (B) B-type trimer 865 1.6( 0.4

DP4 (B) B-type tetramer 1152 22.9( 3.6

DP5 (A) A-type pentamerd 1439 7.1( 1.2

DP6 (A) A-type hexamere 1721 12.1( 1.3

total oligomers 167.3( 5.9

aMeans ( standard deviation (n = 3). bData expressed as B-type dimer equivalents. cData expressed as B-type trimer equivalents. dData expressed as B-type pentamer
equivalents. eData expressed as B-type hexamer equivalents.

Figure 5. HPLC-ESI-MS spectra of procyanidins in cranberry pomace (DP2-DP6) obtained in the negative ion mode. A-type dimers = m/z 575; B-type
dimers =m/z 577; A-type trimers =m/z 863; B-type trimers =m/z 865; B-type tetramers =m/z 1152; A-type pentamers =m/z 1439; A-type hexamers =m/z 1721.
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MALDI-TOF-MS was also used to identify procyanidins in
cranberry pomace (Figure 6). This allowed for identification of
high molecular weight procyanidins present in the pomace
(DP4-DP13), which could not be identified by ESI-MS due to
their size. Each of the peaks represents sodium adducts of
procyanidin oligomers containing various amounts of A-type
linkages. The compound with a molecular weight of 1173.3
represents a sodium adduct of a DP4 procyanidin containing
two A-type linkages, whereas the compound with a molecular
weight of 1175.3 represents a sodium adduct of a DP4 procya-
nidin containing only one A-type linkage. A compound contain-
ing an A-type linkage is 2 mass units smaller than the same DP
procyanidin containing only B-type linkages, and each additional
A-type linkage would result in a loss of 2 more mass units.
MALDI-TOF-MS also revealed the presence of DP5-DP12
procyanidins containing two A-type linkages. Additionally, the
compound with a molecular weight of 3768.5 represents the
sodium adduct of a DP13 procyanidin containing no A-type
linkages. Reed et al. (26) also identified procyanidins in a
cranberry presscake that were fractionated using Sephadex
LH-20. They identified procyanidins containing DP5-DP23 in
the aqueous acetone fraction, whereas we identified procyanidins
with DP4-DP13 in the aqueous acetone fraction. They also
identified procyanidins in the aqueous methanol fraction; how-
ever, we discarded this fraction. They identified compounds that
were 16 mass units greater than predicted procyanidins, indicat-
ing the possibility of oligomers containing one epigallocatechin
unit. However, our MALDI-TOF MS data did not indicate the
presence of any such compounds, but it is possible that these
compounds were discarded in the aqueous methanol fraction.
Our MALDI-TOF spectrum more closely resembles the one
presented by Neto et al. (27).

The pomace contained 167.3 mg/100 g of DP1-DP6 procya-
nidins on a dry pomace weight basis. These data may not be
representative of all of the procyanidins present in cranberry
pomace, as appreciable levels may be unextractable and the
polymers (DP > 10) were not quantified due to the lack of a
commercial standard. Recent studies have indicated thatmany of

the procyanidins are highly bound to plant cell wall material and,
therefore, unextractable (28, 29). Because cranberry pomace is
composed primarily of dietary fiber (cell wall material), it is
possible that many of the polyphenolic compounds, including
procyanidins may be enclosed within this portion of the pomace.
Therefore, many of the polyphenolics may be destined for the
gastrointestinal tract, where they would be subjected tomicrobial
metabolism. Some studies have attempted tomeasure the amount
of unextractable procyanidins in plant products using acid-
catalyzed degradation by butanol-HCl or thiolysis and have
found that significant amounts of procyanidins in many plant
materials are indeed unextractable under normal extraction
conditions (30-32). Therefore, new extraction procedures need
to bedeveloped that facilitate the release of procyanidins fromcell
wall residue.
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