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Phenolic Compounds in Berries of Black, Red, Green,
and White Currants (Ribes sp.)

KAISU MÄÄTTÄ,1,4 AFAF KAMAL-ELDIN,5 and RIITTA TÖRRÖNEN2,3

ABSTRACT

Multiple health benefits associated with phenolic compounds have raised the interest in the contents of these
plant metabolites in foods. Several phenolic compounds were quantified from berries of Ribes nigrum (black and
green currants) and Ribes x pallidum (red and white currants), by using sequential extraction with ethyl acetate
and methanol and an optimized reversed-phase HPLC method with diode array detection. The highest contents
of anthocyanins (3,011 mg/kg fresh weight, expressed as the aglycon) and flavonol glycosides (100 mg/kg) were
found in black currant. The lack of anthocyanins in the colorless (green, white) berries was associated with in-
creased levels of phenolic acids, especially p-coumaric acid (80 mg/kg in green currant vs. 45 mg/kg in black cur-
rant) and 4–hydroxybenzoic acid (18 mg/kg in white currant vs. 3 mg/kg in red currant). Previously, proantho-
cyanidins have not been quantified from berries. This study showed that the contents of extractable (22–41 mg/kg)
and nonextractable proanthocyanidins (32–108 mg/kg) are comparable to those of other phenolics, with the ex-
ception of anthocyanins in black currant. Our results suggest that anthocyanins dominate in black and red cur-
rants, whereas proanthocyanidins and phenolic acids are the predominant phenolic compounds in green and white
currants. Antioxid. Redox Signal. 3, 981–993.
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INTRODUCTION

PHENOLIC COMPOUNDS are secondary plant
metabolites widely distributed in the plant

kingdom, and are also present in many foods
and beverages of plant origin, i.e., in fruits, veg-
etables, tea, and red wine (23, 36). During the
past decade, flavonoids, phenolic acids, and re-
lated plant phenolics have received much at-
tention due to their antioxidant, antimutagenic,
anticarcinogenic, antiinflammatory, antimicro-
bial, and other biological properties and due to
their plausible benefits on human health (8, 12,
22, 24, 26, 29, 33). Many of the protective effects

of phenolic compounds have been ascribed to
their antioxidant properties (24, 26, 28). In ad-
dition, they also affect several stages of signal
transduction, including cell surface and intra-
cellular receptors, intracellular mediators, ki-
nases, the cell cycle, DNA replication-related
enzymes, and gene expression (28).

Berry fruits are generally rich sources of phe-
nolic compounds. The main subclasses of
flavonoids and phenolic acids found in berries
include hydroxybenzoic acids, hydroxycin-
namic acids, flavonol glycosides, anthocyanins,
flavan-3-ols, and their polymeric derivatives
proanthocyanidins (Fig. 1) (23, 36). Very high
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levels of anthocyanins are typically present in
strongly colored berries, such as blueberry, bil-
berry, and black currant (5, 32). A majority of
the 25 berries studied had a similar or higher
level of flavonols (quercetin, myricetin, and
kaempferol) than commonly consumed fruits
or vegetables, with the exception of onions,
kale, and some lettuces (11). Black currant was
among the berries with the highest content of
these flavonols. Berries are interesting food ma-
terials for use in delicious juices, wines, jams,
jellies, ice creams, and cake toppings, and can
be successfully utilized in the design of func-
tional foods aiming to promote health. Quali-
tative and quantitative knowledge of the bio-
logically active substances in berries and how
they are affected by cultivation and processing
is of significant importance to their utilization
as functional ingredients in foods.

Currants [Ribes species (sp.); family Grossu-
lariaceae, synonym Saxifragaceae] are com-
monly cultivated in home and commercial gar-
dens in the cooler regions of Europe and North
America. Black (Ribes nigrum) and red (Ribes x
pallidum) currants are traditionally consumed

as juices, jams, and jellies, and are also used for
wine production. The less common unpig-
mented green and white variants evolved, due
to genetic mutation, from black and red cur-
rants, respectively. Phenotypic observations
suggest that anthocyanin pigments are not
found in green and white currants, but noth-
ing is known on whether this genetic mutation
has effects on other phenolic components. This
article presents the first systematic study of
flavonoids and phenolic acids in berries of R.
nigrum (black and green currants) and R. x pal-
lidum (red and white currants). Phenolic com-
pounds analyzed were hydroxybenzoic and
hydroxycinnamic acid derivatives, flavan-3-
ols, flavonol glycosides, anthocyanins, and
proanthocyanidins.

MATERIALS AND METHODS

Berries

Berries were harvested ripe during August
2000 in the eastern part of Finland. Black (R. ni-
grum cv. Öjebyn) and green (R. nigrum cv.
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FIG. 1. Structures of the main subclasses of flavonoids and phenolic acids.
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Vertti) currants were obtained from a local
berry farm in Kuopio, whereas red (R. x pal-
lidum cv. Red Dutch) and white (R. x pallidum
cv. White Dutch) currants were obtained from
the Research Garden of the University of Kuo-
pio. The berries were frozen at 220°C and an-
alyzed within 2 days.

Standards

4–Hydroxybenzoic acid (H5376), vanillic
acid (V2250), chlorogenic acid (C3878), p-
coumaric acid (C9008), caffeic acid (C0625), fer-
ulic acid (F3500), (1)-catechin (C1251), (2)-epi-
catechin (E1753), rutin (R5143), quercetin
(Q0125), and kaempferol (K0133) were pur-
chased from Sigma Chemical Co. (St. Louis,
MO, U.S.A.), and myricetin was obtained from
Fluka (Buchs, Switzerland). Delphinidin and
cyanidin 3-O-b-glucopyranosides were ob-
tained from Polyphenols AS (Sandnes, Nor-
way), and delphinidin (0904S) and cyanidin
(0909S) chlorides were purchased from Ex-
trasynthese (Geney Cedex, France). The stan-
dards were dissolved in methanol to a concen-
tration of , 1 mg/ml and stored at 220°C as
stock solutions.

Solvent extraction

Frozen berries (100 g) were homogenized,
and samples (5 g, except black currant 3 g)
were weighed in centrifuge tubes for extrac-
tion. All extractions and further analyses
were performed in quadruplicate. A stepwise,
two-phase solvent extraction procedure was
used for the extraction of phenolic com-
pounds (Fig. 2). Conjugated forms of pheno-
lic acids, flavan-3-ols, flavonol glycosides,
and part of the extractable proanthocyanidins
were first extracted into ethyl acetate (4 3 10
ml) with intermittent mixing and centrifuga-
tion. The berry matrix was acidified with hy-
drochloric acid (HCl) (2 M, 2 ml), and antho-
cyanins, extractable proanthocyanidins, and
residues of the previously extracted phenolic
compounds were extracted into methanol (20
ml 1 3 3 10 ml). Separately, the ethyl acetate
extract and an aliquot of the methanol extract
(10 ml) were evaporated to dryness and re-
constituted into methanol (1 ml). Only an-
thocyanins of black currant could be analyzed

in the methanol extract without concentra-
tion.

Acid hydrolysis

The methanolic solutions of both extracts
and the berry residue were acidified by adding
concentrated HCl to a final concentration of 0.6
M. The ethyl acetate extract was kept in a boil-
ing water bath for 5 min, and the methanol ex-
tract and the residue were refluxed (60°C) for
2 h. Upon heating in acidic methanol, glycosy-
lated phenolic compounds were deconjugated
to aglycons, hydroxycinnamic acid esters were
converted to corresponding methyl esters (31),
flavan-3-ols were decomposed, and proantho-
cyanidins were converted to anthocyanidins
(Fig. 2). As the conversion of proanthocyani-
dins to anthocyanidins by acid treatment was
reported to be only partial (30), the conditions
of acid hydrolysis were optimized, using green
currant, to provide the highest possible yield
of anthocyanidins.

High-performance liquid chromatography (HPLC)
analysis

All samples were filtered through a 0.45-mm
Regen Cellulose syringe filter (TITAN,
Gloucester, U.K.) prior to analysis. The HPLC
apparatus consisted of a Hewlett–Packard
(Waldbronn Analytical Division, Germany) in-
strument with a 1100 series quaternary pump,
an autosampler, and a diode array detector
linked to an HPChemStation data handling
system. Phenolic compounds were separated
on a LiChroCART Purospher RP-18e column
(125 3 3 mm i.d., 5 mm; Merck, Darmstadt, Ger-
many) protected with a guard column of the
same material (4 3 4 mm). For the analysis of
hydroxybenzoic and hydroxycinnamic acid de-
rivatives, flavan-3-ols, and flavonol glycosides,
as well as their deconjugated forms (after acid
hydrolysis) and anthocyanidins, a 20-min lin-
ear gradient from 5 to 30% acetonitrile in 1%
formic acid was used at a flow rate of 0.5
ml/min. For the analysis of anthocyanins, a
gradient of acetonitrile in 5% formic acid was
used. The concentration of acetonitrile was as
follows: 0–5 min, 5–10%; 5–10 min, 10% (iso-
cratic separation); 10–25 min, 10–40% (flow rate
0.5 ml/min). Both gradients were followed by
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FIG. 2. Scheme of the analytical methods. aKnown deconjugation products in the methanolic acid hydrolysis (31).
bEthyl acetate extracts contain low molecular weight proanthocyanidins (dimers, trimers, tetramers, etc.), and meth-
anol extracts consist of more polymeric proanthocyanidins (38).
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washing the column by increasing the concen-
tration of acetonitrile to 90% in 10 min, by re-
turning to the initial conditions in 5 min, and
by reequilibration of the column.

Diode array detection from 240 to 520 nm
was used for the identification of the phenolic
compounds. Peak assignment of the conju-
gated forms of phenolic compounds in the
chromatograms was based on comparison of
their spectral characteristics with those of the
representative standards of the phenolic sub-
classes (Table 1). Retention times were used for
identification of peaks with spectra matching
with authentic standards. Phenolic acid deriv-
atives were divided into hydroxybenzoic (4-hy-
droxybenzoic and dihydroxy/methoxyben-
zoic) acid derivatives and hydroxycinnamic
(p-coumaric and caffeic/ferulic) acid deriva-
tives according to their spectral characteristics.
Purity of the peaks was monitored by checking
the spectra at the leading edge, apex, and tail-
ing edge of the peaks. The occurrence of phe-
nolic acid glycosides and flavonol glycosides
was verified after acid hydrolysis by compar-
ing the retention times and spectral character-
istics of aglycons with those of available stan-
dards. 

Conjugated forms of phenolic compounds
were quantified for the weight of the aglycon
using response factors of representative stan-
dards near their characteristic wavelengths of
maximum absorption (Table 1): hydroxyben-
zoic acids at 260 nm, hydroxycinnamic acids at

320 nm, flavonol glycosides at 360 nm, and 
anthocyanins and proanthocyanidins as antho-
cyanidins at 520 nm. Response factors of an-
thocyanins and anthocyanidins were deter-
mined in acidified (0.6 M HCl) methanol.
Hydrolysis products of proanthocyanidins in-
cluded two unknown peaks absorbing at 520
nm, which were quantified using response fac-
tors of cyanidin and delphinidin. Possible
proanthocyanidins in the methanol extract of
pigmented currants were not quantified be-
cause of the co-occurrence of the same decon-
jugation products of anthocyanins after acid
hydrolysis (Fig. 2).

RESULTS

In this study, a sequence of solvent extrac-
tion and acid hydrolysis methods was used to
allow reasonable estimation of composition
and contents of several flavonoids and pheno-
lic acids in currants. The extractability and
products of acid hydrolysis after each extrac-
tion step are presented as a scheme in Fig. 2.
Samples were analyzed by HPLC using two
gradient systems, one for the analysis of hy-
droxybenzoic and hydroxycinnamic acid de-
rivatives, flavan-3-ols, flavonol glycosides (Fig.
3) as well as their deconjugated forms and an-
thocyanidins, and the other for the analysis of
anthocyanins (see Fig. 5). The compounds were
quantified near their characteristic absorption
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TABLE 1. SPECTRAL CHARACTERISTICS OF THE REPRESENTATIVE STANDARDS

FOR PHENOLIC SUBCLASSES IN HPLC-DAD* FROM 240 TO 520 NM

Spectral characteristics

Wavelength of maximum absorption
Subclass Representative standard(s) (nm) and shoulders (sh) Range of absorption (nm)

Hydroxybenzoic acids 4-Hydroxybenzoic acid 256 240–290
Vanillic acid 262, 292 240–310

Hydroxycinnamic acids p-Coumaric acid 300sh, 310 240–360
Caffeic/ferulic acid 300sh, 326 240–380

Flavan-3-ols (1)-Catechin 278 240–300
(2)-Epicatechin 278 240–300

Flavonols Rutin (quercetin 3-rutinoside) 254, 300sh, 354 240–420
Anthocyanins Delphinidin 3-O-glucoside 278, 524 240–310, 440–550

Cyanidin 3-O-glucoside 278, 516 240–300, 430–550
Anthocyanidins Delphinidin 274, 528 240–290, 450–550

Cyanidin 274, 524 240–290, 450–550

*DAD, diode array detection.
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FIG. 3. Chromatographic patterns at 360
nm (solid line) and 280 nm (dotted line) of
ethyl acetate-extractable phenolic com-
pounds. Peak identification in the order of
retention: (1, 4, 14, 17, 22) not identified; (2)
4-hydroxybenzoic acid derivative; (3) dihy-
droxy/methoxybenzoic acid derivative; (9)
(1)-catechin; (13) (2)-epicatechin; (5, 12, 20,
26) caffeic/ferulic acid derivative; (6, 7, 8,
10, 11, 25) p-coumaric acid derivative; (19)
rutin; (15, 16, 18, 21, 23, 24, 27, 28) other
flavonol glycosides.
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maxima using response factors of authentic
standards. Because some compounds were ex-
tracted in both ethyl acetate and methanol, re-
sults were combined for quantification. As the
concentration of phenolic compounds is known
to vary with season and a wide range of envi-
ronmental factors such as climate and soil con-
dition (23), related black and green currants as
well as red and white currants analyzed in this
study were harvested from the same field to
minimize variations due to these factors.

Hydroxybenzoic acid derivatives

Schuster and Herrmann (35) reported the
presence of 4–hydroxybenzoic acid (a mono-
hydroxybenzoic acid) and protocatechuic acid
(a dihydroxybenzoic acid) as glucosides in
black and red currants. In the present study,
however, peaks with spectral characteristics
similar to those of mono- or dihydroxybenzoic
acid derivatives could not be identified in black
and green currants (Fig. 3A and B, respec-
tively). In red and white currants (Fig. 3C and
D, dotted lines, respectively), two peaks (2 and
3) exhibiting spectral characteristics similar to
those of 4–hydroxybenzoic acid and vanillic
acid (a hydroxymethoxybenzoic acid) deriva-
tives were detected at 280 nm. The presence of
4–hydroxybenzoic acid in these berries was
verified after acid hydrolysis of the ethyl ac-
etate extract. Unfortunately, this verification
procedure was not possible for vanillic acid, be-
cause some unknown decomposition prod-
uct(s) co-eluted and markedly affected the
spectrum of the peak. The identity of the di-

hydroxybenzoic acid derivative (Fig. 3C and D,
peak 3) in red and white currants is not clear
using this data because vanillic acid has the
same spectral characteristics as many other
benzoic acids substituted with two adjacent hy-
droxy and/or methoxy groups (2). The content
of 4–hydroxybenzoic acid was higher in white
currant than in red currant (Table 2). The con-
tents of hydroxybenzoic acid derivatives in red
and white currants are in close agreement with
those published in the literature (35, 37).

Hydroxycinnamic acid derivatives

The wavelength of maximum absorption of
hydroxycinnamic acids is near 320 nm, but
these compounds also absorb appreciably at
280 nm (Fig. 3, dotted lines). Free hydroxycin-
namic acids were not found in any of the cur-
rants studied. Peaks were tentatively assigned
as p-coumaric acid derivatives or as caffeic
and/or ferulic acid derivatives by comparison
with the spectra of the respective aglycon stan-
dards. The retention times of the hydroxycin-
namic acid derivatives ranged from 7 to 20 min
(Fig. 3, dotted lines), indicating that these com-
pounds are present as derivatives of different
degrees of polarity. The wavelengths of maxi-
mum absorption of the detected hydroxycin-
namic acid derivatives were shifted 4 nm to
longer wavelengths compared with the free
standards. 

After acid hydrolysis of the ethyl acetate ex-
tracts, two major new nonpolar peaks were ob-
tained, with spectral characteristics similar to
those of p-coumaric acid and caffeic/ferulic
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TABLE 2. CONTENTS OF PHENOLIC COMPOUNDS IN BLACK, GREEN, RED, 
AND WHITE CURRANTS (MG/KG FRESH WEIGHT, MEAN 6 SE)

Flavonol
HBA diHBA p-CA C/FA glycosides Del-gly Cy-gly Extractable Nonextractable

Black currant ND ND 45 6 1 36 6 0 100 6 2 1,518 6 42 1,493 6 38 NA 108 (49:51)
Green currant ND ND 80 6 3 40 6 2 77 6 4 ND ND 41 (38:62) 50 (40:60)
Red currant 3 6 0 3 6 0 3 6 0 5 6 0 8 6 0 ND 177 6 6 NA 34 (14:86)
White currant 18 6 1 5 6 1 9 6 1 13 6 1 6 6 0 ND ND 22 (15:85) 32 (11:89)

SE, standard error for four parallel samples; PC, procyanidin units; PD, prodelphinidin units; PC ; PD, procyani-
din/prodelphinidin ratio; HBA, 4-hydroxybenzoic acid; diHBA, dihydroxy(methoxy)benzoic acid; p-CA, p-coumaric
acid; C/FA, caffeic/ferulic acid; Del-gly, delphinidin glycosides; Cy-gly, cyanidin glycosides; ND, not detected; NA,
not analyzed.

Hydroxybenzoic
acid derivatives

Hydroxycinnamic
acid derivatives Anthocyanins Proanthocyanidins (PC:PD)



acids. These peaks may represent the methyl
ester derivatives formed in the methanolic acid
hydrolysis of hydroxycinnamic acid esters (31).
Schuster and Herrmann (35) reported the pres-
ence of hydroxycinnamic acids as glucosides
and as quinic acid and glucose esters in black
and red currants. 

The contents of hydroxycinnamic acid de-
rivatives were higher in black and green cur-
rants than in red and white currants (Table 2).
The contents of caffeic/ferulic acid derivatives
were similar in black and green currants (36
and 40 mg/kg fresh weight, respectively), but
the content of p-coumaric acid derivatives was
almost doubled by the mutation from black (45
mg/kg) to green (80 mg/kg) currant. In white
currant, however, the contents of both p-
coumaric acid and caffeic/ferulic acid deriva-
tives were higher than in red currant. Values
obtained in this study seem to be lower than in
the literature (35, 37). The probable explana-
tions for this inconsistency may be due to dif-
ferences in the methods used for extractions,
hydrolysis, and quantification.

Flavan-3-ols

Figure 3 (dotted lines) also shows peaks due
to flavan-3-ols, two of which were assigned as
(1)-catechin (peak 9) and (2)-epicatechin (peak
13) because they have the same retention times
as the authentic standards. The presence of (1)-
catechin was confirmed, by comparison of ul-
traviolet (UV) spectra, in red and white cur-
rants but not in black and green currants,
where a considerable amount of a p-coumaric
acid derivative, with strong UV absorption, co-
eluted and overlapped with the possible (1)-
catechin. Figure 4 shows the spectrum of stan-
dard (1)-catechin compared with that obtained
for the ethyl acetate extract of red currant with
broadening of the UV spectrum due to co-elu-
tion of the p-coumaric acid derivative. 

In our chromatography, the unknown peak
14 overlapped with (2)-epicatechin, disturbing
its quantification. It was, however, possible to
detect (2)-epicatechin in green and black but
not in white and red currants. This observation
is consistent with a recent study of flavan-3-ol
contents in plant foods (1), where (2)-epicate-
chin was not detected in red and white cur-

rants. In the present study, it was not possible
to quantify flavan-3-ols either in the unhy-
drolyzed extracts because of the above-men-
tioned contamination of peaks or in the acid-
hydrolyzed extracts due to decomposition of
their labile structure in hot acid treatment (3).

Flavonol glycosides

For the detection of flavonol glycosides,
chromatograms were recorded at 360 nm (Fig.
3, solid lines). Free flavonol aglycons were not
found in any of the currants. Flavonol glyco-
sides eluting at the same retention times were
found in all currants studied, although in dif-
ferent proportions. After acid hydrolysis of 
the ethyl acetate extracts, quercetin and ka-
empferol aglycons were found in black and
green currants, but an overlapping unknown
deconjugation product of the caffeic/ferulic
acid derivative(s) disturbed the distinctive
spectral identification of myricetin. Fortu-
nately, the absorption of flavonol aglycons ex-
tends to longer wavelengths (420 nm) than that
of caffeic/ferulic acid derivatives (380 nm)
(Table 1). Therefore, absorption at 420 nm at
the retention time of standard myricetin (18.8
min) verified its presence in black and green
currants. Studies on identification of peaks is
ongoing using liquid chromatography/mass
spectrometry. In red and white currants,
quercetin aglycon was identified after acid hy-
drolysis, but the peaks at the retention times of
myricetin and kaempferol were below the limit
for reliable spectral identification. Red and
white currants contained very low levels of
flavonol glycosides compared with green and
black currants (Table 2). The contents of

MÄÄTTÄ ET AL.988

FIG. 4. Combined spectrum of (1)-catechin and a p-
coumaric acid derivative in red currant (Fig. 3, peaks 9
and 10) compared with the standard.
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flavonol glycosides obtained in this study are
comparable to those reported before, although
the previous methods were based on the anal-
ysis of flavonol aglycons after acid hydrolysis
(11, 18).

Anthocyanins

As previously mentioned, anthocyanins (an-
thocyanidin glycosides) are responsible for the
typical black and red pigments of the respec-
tive currants, whereas green and white cur-
rants lack anthocyanin pigments. In agreement
with Goiffon et al. (9), the typical anthocyanins
were four glucoside and rutinoside derivatives
of cyanidin and delphinidin in black currant
(Fig. 5A) and five different glycosides of cyani-
din in red currant (Fig. 5B). Free anthocyani-
dins were not found in any of the currants stud-
ied. Black currant had a very high content of
anthocyanins (3,011 mg/kg fresh weight) com-
pared with red currant (177 mg/kg) (Table 2).

The contents and identity of anthocyanins are
in agreement with previous reports on black
currant (5, 16, 17) and red currant (5, 27).

Proanthocyanidins

Strong purple colors were formed in the col-
orless methanol extracts of white and green
currants and in the lightly reddish berry
residues of the four currants upon acid hy-
drolysis due to release of anthocyanidin pig-
ments from colorless proanthocyanidins. This
phenomenon was utilized for tentative quan-
tification of proanthocyanidins as anthocyani-
dins (cyanidin and delphinidin) from the ex-
tracts (extractable proanthocyanidins) and
from the residues (nonextractable proantho-
cyanidins). Of the extractable proanthocyani-
dins, the majority was found in the methanol
extract and only a minor proportion (2–6%)
was extracted into ethyl acetate.

Proanthocyanidins can be defined by their
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FIG. 5. Chromatographic patterns at 520 nm
of anthocyanins in black and red currants.
Peak identification in the order of retention: (1)
delphinidin 3-O-rutinoside; (2) delphinidin 3-
O-glucoside; (3, 4, 6) cyanidin glycosides; (5)
cyanidin 3-O-rutinoside; (7) cyanidin 3-O-glu-
coside.
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procyanidin/prodelphinidin ratio. Procyani-
dins are composed mainly of (1)-catechin and
(2)-epicatechin units (Fig. 1, dihydroxylation
in the B ring), and prodelphinidins of (1)-gal-
locatechin and (2)-epigallocatechin units (Fig.
1, trihydroxylation at the B ring) (7). There was
a similarity in the procyanidin/prodelphinidin
ratios of the nonextractable proanthocyanidins
between red and white currants, and between
black and green currants (Table 2). Moreover,
the procyanidin/prodelphinidin ratios in the
extractable and nonextractable forms resem-
bled each other in green and white currants.
The present data are comparable to previous
results (7).

As anthocyanins deconjugate to anthocyani-
dins by acid hydrolysis, it was not possible to
analyze extractable proanthocyanidins from
the methanol extracts of black and red currants.
The amounts of the nonextractable proantho-
cyanidins were comparable in red and white
currants, but black currant exhibited double the
amount of proanthocyanidins in green currant.
Black and green currants contained more ex-
tractable and nonextractable proanthocyani-
dins than red and white currants.

DISCUSSION

Previously, the contents of anthocyanins in
juices and extracts of black currant and other
pigmented berries have been quantified as part
of studies of their antioxidant capacity (5, 25,
32, 39) or to monitor changes during process-
ing and storage (17, 20). Phenolic profiles (com-
prising phenolic acids and flavonols only) (10)
and contents of flavonol aglycons have been
determined for black, green, red, and white
currants (11, 15, 18). The contents and compo-
sitions of proanthocyanidins have been studied
for fruits such as grapes, apples, and pears (for
review, see 34), but not for berry fruits. In the
present study, the analytical methods extended
for the estimation of proanthocyanidins
showed that the contents of extractable and
nonextractable proanthocyanidins in berries of
currants are comparable to those of other phe-
nolics, with the exception of anthocyanins in
black currant (Table 2).

This study shows that black currant contains

by far higher amounts of phenolic antioxidants,
mainly anthocyanins, than the other currants.
A total of , 3,000 mg/kg fresh weight antho-
cyanins was obtained in the black currant sam-
ples analyzed in this study. Previously, high
contents of anthocyanins (mg/kg fresh weight,
expressed as aglycon) were found in black cur-
rant (1,500–3,400 mg/kg) (5) as well as in other
strongly pigmented berries such as blueberry
(400–1,200 mg/kg) and bilberry (2,000 mg/kg)
(32), whereas clearly lower levels have been re-
ported for berries with lighter red color in-
cluding red currant (100–200 mg/kg), red rasp-
berry (200–500 mg/kg) (5), and strawberry
(150–280 mg/kg) (39). The daily intake of
flavonoids in the western countries was esti-
mated to be 0.5–1.0 g, of which , 0.2 g was an-
thocyanins (21). Consumption of black currant
and other dark-colored berries may signifi-
cantly contribute to the dietary intake of an-
thocyanins.

In studies on juices of yellow to black pig-
mented raspberry species (6), extracts of a wide
range of blueberry species and cultivars (32),
and extracts of blackberry, raspberry, straw-
berry, and blueberry (20, 39), high antioxidant
activities were found to depend not only on the
content of anthocyanins, but also on the con-
tent of total phenolics. In studies with berries
with strong colors compared with berries with
light colors, significant differences in the anti-
oxidant activities were found in one study (13),
but not in another (19). As one explanation, the
authors related this difference to the different
techniques used in the preparation of the berry
extracts and, consequently, to differences in
profiles of the active phenolic compounds (19).

Anthocyanins and other phenolic com-
pounds have a physiological role in fruits (23),
functioning in the chemical defense system
against environmental stress factors (4). It
might, therefore, be possible that the lack of an-
thocyanins in green and white currants is com-
pensated by increased levels of other phenolics
in a way that can be explained by the known
routes of biosynthesis. Phenolic compounds
originate from phenylalanine, which is deami-
nated to cinnamic acid, the precursor of hy-
droxybenzoic and hydroxycinnamic acids.
Cinnamic acid is hydroxylated to p-coumaric
acid, which can be converted to p-coumaroyl-
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CoA, which is the key intermediate to the syn-
thesis of flavonols, anthocyanins, flavan-3-ols,
and proanthocyanidins (14).

In the present study, the content of p-
coumaric acid was higher in green than in black
currant, and the contents of 4-hydroxybenzoic
acid and hydroxycinnamic acids were higher
in white than in red currant (Table 2). These re-
sults suggest that the lack of anthocyanins is
associated with increased levels of phenolic
acids. In a previous study with grapes, how-
ever, the relative proportions of p-coumaroyl-
tartaric esters decreased, but those of the caf-
feic and ferulic acid derivatives increased with
the change from colored to white forms (23).
Correlations between different phenolic com-
pounds and how they are influenced by the
phenotype of species, as well as maturity and
environmental conditions, need to be studied
in a statistically sound model.

Developments in analytical methods are im-
portant for studies aiming to quantify and es-
timate the dietary intake of phenolic com-
pounds, which are believed to be good for
health. Complete analysis of phenolic com-
pounds in berries is complicated by the variety
of conjugation forms in which these com-
pounds are present. In this study, we analyzed
a wide variety of phenolic compounds using
sequential extraction with ethyl acetate and
methanol followed by methanolic acid hydrol-
ysis and HPLC analyses. This method needs to
be developed further for simplification, identi-
fication of unknown peaks, and reliable quan-
tification of conjugates, especially proantho-
cyanidins. Until then, the results presented in
this article may be considered as the best ap-
proximation for the levels of phenolic com-
pounds in currants. Our results suggest that an-
thocyanins dominate in black and red currants,
whereas proanthocyanidins and phenolic acids
are the predominant phenolics in green and
white currants.

CHEMICAL NAMES

4-Hydroxybenzoic acid [Chemical Abstract
Service (CAS) 99-96-7]; vanillic acid (4-hy-
droxy-3-methoxybenzoic acid, CAS 121-34-6);
p-coumaric acid (4-hydroxycinnamic acid, CAS

7400-08-0); ferulic acid (3-methoxy-4-hydroxy-
cinnamic acid, CAS 1135-24-6 and 537-98-4);
caffeic acid (3,4-dihydroxycinnamic acid, 
CAS 331-39-5); (1)-catechin [2-(3,4-dihydroxy-
phenyl)-3,4-dihydro-2H-1-benzopyran, CAS
154-23-4, 16198-00-8, 321-01-7, 4211-28-3, 5323-
80-8]; (2)-epicatechin [2-(3,4-dihydroxyphen-
yl)-3,4-dihydro-2H-1-benzopyran-3,5,7-triol,
CAS 490-46-0); rutin [3-((6-O-(6-deoxy-a-L-
mannopyranosyl)-b-D-glucopyranosyl)oxy)-2-
(3,4-dihydroxyphenyl)-5,7-dihydroxy-4H-1-
benzopyran-4-one, CAS 153-18-4]; quercetin
(3,39,49,5,7-pentahydroxyflavone, CAS 117-39-
5); kaempferol (3,49,5,7-tetrahydroxyflavone,
CAS 520-18-3); myricetin (3,39,49,5,59,7-hexahy-
droxyflavone, CAS 529-44-2); cyanidin (3,39,
49,5,7-pentahydroxyflavylium, CAS 13306-05-
3); delphinidin (3,39,49,5,59,7-hexahydroxy-
flavylium, CAS 13270-61-6); (1)-gallocatechin
[3,4-dihydro-2-(3,4,5-trihydroxyphenyl)-2H-1-
benzopyran-3,5,7-triol, CAS 970-73-0]; and (2)-
epigallocatechin [3,4-dihydro-2-(3,4,5-trihy-
droxyphenyl)-2H-1-benzopyran-3,5,7-triol,
CAS 970-74-1].
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