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ABSTRACT: Small fruits such as berries have low energy contents, but high contents of vitamins, micronutrients, and dietary fibers
and constitute a good source of natural antioxidant compounds that are important constituents of the human diet. This study
identified a large number of compounds in an extract of black currant showing high antioxidant activity and compared their profile in
various parts of the plants (leaves, buds, and berries). If it was known that berries contained very high levels of natural phenolic
compounds, this study showed that leaves and buds could also be considered good sources of natural antioxidants. Indeed, they
contained high amounts of phenolic acids, flavonoids, and carotenoids. An acetone mixture can extract several classes of phenolic
compounds with a good yield of flavonols, flavan-3-ols, and anthocyanins.

KEYWORDS: antioxidant, flavonoids, flavonols, anthocyanins, flavanols, ascorbic acid, phenolic acids, carotenoids

’ INTRODUCTION

Phenolic compounds are one of the most widely occurring
groups of phytochemicals. In the plant kingdom, these com-
pounds can range from simple molecules, such as phenolic acids,
to highly polymerized compounds, such as tannins.1 Different
classes of phenolic compounds can be distinguished. Flavonoids
and phenolic acids are the most abundant. Phenolic acids are
synthesized from hydroxybenzoic acid and hydroxycinnamic
acid. The flavonoids are subdivided into different classes: flavo-
nols, anthocyanins, flavones, flavan-3-ols, flavanones, and
isoflavones.2 In the plant, they play an important role in growth
and reproduction, providing protection against pathogens and
predators as well as against abiotic stresses.1,3 In the human diet,
fruits and vegetables have low energy content, but high contents
of vitamins, essential micronutrients, and dietary fibers. They are
also the predominant source of flavonoids and phenolic acids.
Many health-related properties, including antiviral and anti-
inflammatory activities, antioxidant properties, and the ability
to inhibit human platelet aggregation, have been described.4�6

Carotenoids belong to another important group of natural
pigments because of their wide distribution, structural diversity,
and numerous functions for photosynthesis and for life in an
oxygen-containing atmosphere. The carotenoids are subdivided
into two groups: carotenes and xanthophylls (or oxycarotenoids).7

Recently, these pigments have been described to be implicated in
the prevention of human health disorders such as heart disease and
photosensitivity disease as well as certain forms of cancer.8,9

Small fruits constitute a good source of natural antioxidant
substances. Extracts of fruits from various blackberry, raspberry,
and gooseberry cultivars act effectively as free radical inhibitors.10,11

In addition, the flavonoid content of small fruits has been
investigated.12 Black currant berries (Ribes nigrum) contain very
high amounts of phenolic compounds. Fresh black currants are
particularly rich in anthocyanins, but other phenolic compounds
such as flavonols are also present.13Only a very small proportion of
these berries is consumed fresh; most are processed for juice
concentrates. Leaves and buds can also be used;14 leafmicronisates

and glycerinate extracts of buds are especially commercialized as
food supplements. Declume15 and Chrubasik16 also demonstrate
that leaf extracts of black currant show significant anti-inflamma-
tory activity.

The first objective of this study was to identify most of the
compounds present in an extract of black currant with high
antioxidant activity. We also compared the profile in ascorbic
acid, phenolic acids, flavonoids, and carotenoids of extracts from
various parts of the plants (leaves, buds, and berries). The second
objective was to check whether an acetone extraction method
optimized for high antioxidant capacity17 provided good yields of
various classes of antioxidant compounds.

’MATERIALS AND METHODS

Materials. The buds, berries, and leaves of 2-year-old black currant
plants (Noir de Bourgogne) were harvested, respectively, inMarch, July,
and August in the Belgian Ardennes (Bihain). The various explants were
directly cut out in pieces, frozen, and stored at �20 �C.
Sample Preparation. Acetone Extraction. One gram of frozen

sample (berries, buds, or leaves) was ground with 1 g of quartz and also
10 mL of extraction solution: acetone/water/acetic acid (70:28:2).14

The mixture was shaken during 1 h at 4 �C and centrifuged at 17000g for
15 min. The supernatant was removed, and the sample was extracted
again according to the same procedure but incubated for only 15 min.
The supernatants were pooled and then diluted as appropriate for the
analyses.

Specific Extractions. (a) For Ascorbic Acid. Four grams of
frozen material (berries, buds, or leaves) was ground with 1 g of
quartz and also 80 mL of extraction solution (20 g/L metaphos-
phoric acid). The mixture was shaken during 1 h at 4 �C and centri-
fuged at 15000g for 15 min. For HPLC analysis, 10 mL of a L-cysteine
solution (40 g/L) was added to 20mL of the supernatant, and the pHwas
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adjusted between 7.0 and 7.2 with a solution of trisodium phosphate
(200 g/L). After 5 min, the pH was adjusted between 2.5 and 2.8 with a
solution of metaphosphoric acid (20 g/L).18

(b) For Phenolic Acids.19 Samples of 3.4 g of frozen material (berries,
buds, or leaves) were ground with 1 g of quartz and also 49 mL of
extraction solution (methanol/water/acetic acid; 90:1.5:8.5; v/v/v)
containing 2 g/L of butylated hydroxyanisole (BHA). The mixture
was sonicated during 1 h at room temperature. Fifty milliliters of 20 g/L
ascorbic acid and 25mL of 10MNaOHwere added for the hydrolysis of
esterified phenolic acids during 16 h at room temperature under
nitrogen. Then 12.5 mL of 12 N HCl was added for the extraction of
glycoside forms of phenolic acids, and the mixture was incubated for 3 h
at 85 �C before cooling on ice. The mixture was extracted five times with
a solution of diethyl ether/ethyl acetate (50:50; v/v) and centrifuged at
1200g for 2 min. The organic phases were pooled and evaporated. All of
the residues were dissolved in 2 mL of 2% acetic acid and filtered for
HPLC analysis.
(c) For Anthocyanins. One gram of frozen sample (berries, buds, or

leaves) was ground with 1 g of quartz and also 15 mL of 1% HCl in
methanol.20 The mixture was shaken during 2 h at room temperature
and incubated overnight in the dark at �20 �C before centrifugation at
4000g for 15 min. The supernatant was collected, and the sample was
extracted again with 15 mL of 1% HCl in methanol. The supernatants
were pooled and then diluted as appropriate for the analyses.
(d) For Flavanols (Based on Parva-Uzunalic et al.21).One gram of

frozen sample (berries, buds, or leaves) was ground with 1 g of quartz
and also 10 mL of acetone 100%. The mixture was shaken during 1 h at
70 �C and centrifuged at 17000g for 15 min. The supernatant was
removed, and the sample was extracted again according to the same
procedure but incubated for only 15 min. The supernatants were pooled
and then diluted as appropriate for the analyses.
(e) For Carotenoids. One gram of frozen sample (berries, buds, or

leaves) was ground with 1 g of quartz and also 15mL of 1%BHT (2,6-di-
tert-butyl-4-methylphenol) in acetone.22 Themixture was shaken during
30 min at 4 �C in the dark and centrifuged at 17000g for 10 min. The
supernatant was removed, and the sample was re-extracted until the
sample was colorless. The supernatants were pooled.
Colorimetric Assays. The concentration of reduced ascorbic acid

was measured by using the 2,6-dichloroindophenol (DCIP) method of
the Association of Vitamin Chemists.23 Briefly, each molecule of vitamin
C converted a molecule of DCIP into a molecule of DCIPH2, and the
conversion was monitored as a decrease in the absorbance at 520 nm.
A standard curve was prepared using a series of known ascorbic acid
concentrations. One milliliter of diluted sample (in 5% metaphosphoric
acid) or ascorbic acid calibration solution was mixed with 500 μL of
10% metaphosphoric acid. Three hundred microliters of citrate buffer
(pH 4.15) and 300 μL of DCIP (0.1 mg/mL) were added to 600 μL of
this mixture. Optical density blanching was used. For each sample, the
blank value was determined after the addition of 60 μL of ascorbic acid
(1mg/mL) with the aim of evaluating the interference due to the sample
color. The results were expressed as micrograms of ascorbic acid (AA)
per gram of frozen weight.

Total phenolic content was determined according to the Fo-
lin�Ciocalteu method.24 An amount of 3.6 mL of an appropriate
dilution of acetone extract was mixed with 0.2 mL of Folin�Ciocalteu
reagent and, after 3 min of incubation, 0.8 mL of sodium carbonate
solution (20% w/v) was added. The mixture was heated at 100 �C
during 1 min. The absorbance at 750 nm was measured after cooling.
A standard curve was done with chlorogenic acid. The results were
expressed in milligrams of chlorogenic acid equivalents (CAE) per
gram of frozen weight.

Total flavonol content was measured following the method of total
flavonoids described by Lamaison and Carmat.25 In a previous paper, we
had demonstrated that this technique appears to be adequate only for

flavonols.26 Appropriately diluted acetone extracts (1 mL) were mixed
with 1 mL of 2% AlCl3 3 6H2O in methanol. The absorbance at 430 nm
was measured 10 min later. Quercetin was used as standard, and results
were expressed as milligrams of quercetin equivalents (QE) per gram of
frozen weight.

Total anthocyanin quantification was performed according to the pH-
differential method.27 The extract was diluted in a pH 1.0 solution (0.1
M HCl, 25 mM KCl) and in a pH 4.5 solution (0.4 M CH3COONa).
The absorbance of the mixtures was then measured at 535 and 700 nm
against distilled water. The value (Abs535�Abs700)pH1.0 � (Abs535 �
Abs700)pH4.5 corresponds to the absorbance due to the anthocyanins.
Calculation of the anthocyanin concentrations was based on a cyanidin-
3-glucoside (kuromanin) standard curve. Results were expressed as
micrograms of kuromanin equivalents (KuE) per gram of frozen weight.

Total flavanol content was evaluated according to the vanillin assay.28

Each molecule of vanillin reacted with a molecule of flavanol to produce
a red chromophore. The conversion was monitored as an increase in the
absorbance at 500 nm. One volume of sample diluted in methanol
(before acetone was removed by evaporation and replaced by the same
volume of water) was mixed with 2.5 volumes of 1% vanillin in methanol
and 2.5 volumes of 9MHCl inmethanol. The mixture was incubated for
20 min at 35 �C before analysis. For each sample, a blank value was
measured where vanillin solution was replaced by methanol alone.
Catechin (0�1 mg/mL) was used as standard, and results were expressed
as milligrams of catechin equivalents (CaE) per gram of frozen weight.

Total carotenoid content was evaluated by a spectrophotometric
method described by Rodriguez-Amaya29 using the measurement of
the absorbance at 450 nm. From this value we subtracted the turbidity of
the sample (assayed through absorbance at 700 nm). We used an
extinction coefficient recommended for the mixture of carotenoids (ε =
2500). The results were expressed as μg of carotenoids per gram of
frozen weight.
Separation and Measurement of Compounds by HPLC.

Analyses were performed in a liquid Elite Lachrom Merck Hitachi
chromatograph equipped with an L2450 photodiode array detector
(sampling period = 400 ms, spectral bandwidth = 4 nm). Separation was
carried out using a LiChroCART steel cartridge (Merck), 250 mm �
4.6 mm, filled with 5 μm particles RP 18 at 30 �C for flavonols and at
40 �C for anthocyanidins and flavan-3-ols. Other separations were
carried out using a Grace Smart RP 18 (Grace Davison Discovery
Sciences), 250 mm� 4.6 mm, filled with 5 μm particles RP 18 at 30 �C
for ascorbic acid and phenolic acids.

For ascorbic acid analysis, the mobile phase was a gradient of water/
metaphosphoric acid (199:1; v/v) (solution A) and 100% acetonitrile
(solution B), at a flow rate of 1 mL/min. The elution gradient was
performed as follows: isocratic elution 100% A, 0�3min; linear gradient
from 100% A to 100% B, 3�3.5 min; isocratic elution 100% B, 3.5�
8.5 min; linear gradient from 100% B to 100% A, 8.5�9 min; isocratic
elution 100% A, 9�20 min. Optical density was recorded at 254 nm.

For phenolic acid analysis, the elution gradient was performed using
2% ascorbic acid (solution A) and 100% acetonitrile (solution B) as
follows: linear gradient from 100% A to 80% A/20% B, 0�1 min;
isocratic elution 80% A/20% B, 1�4 min; linear gradient from 80% A/
20%B to 100%A, 4�5min; linear gradient from 100%A to 85%A/15%B,
5�30 min; linear gradient from 85% A/15% B to 32.5% A/67.5% B,
30�40 min; linear gradient from 32.5% A/67.5% B to 100% B, 40�
42.5 min ; isocratic elution 100% B, 42.5�47.5 min; linear gradient from
100% B to 100% A, 47.5�50 min; isocratic elution 100% A, 50�60 min.
Flow rate was 0.5 mL/min. Optical densities were recorded at 260, 275,
and 325 nm.

For flavonol aglycone analysis of hydrolyzed (with a solution of 1.2 M
HCl in methanol 50% and 3 mg/mL of L-ascorbic acid, v/v, at 80 �C
during 1 h) extracts, the mobile phase14 was a linear gradient of water/
acetonitrile (50:50) adjusted to pH 1.8 with perchloric acid and
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water/acetonitrile (95:5) adjusted to pH 1.8 with perchloric acid, at a
flow rate of 1.2 mL/min. Optical density was recorded at 365 nm.

For anthocyanidin analysis of hydrolyzed (with a solution of 4 M HCl
in methanol 50% and 3 mg/mL of L-ascorbic acid, v/v, at 80 �C during
2.5 h) extracts, the elution gradient30 was performed using water/
acetonitrile/formic acid (87:3:10) (solution A) and water/acetoni-
trile/formic acid (40:50:10) (solution B) as follows: linear gradient
from 70% A/30% B to 50% A/50% B, 0�10 min; linear gradient from
50% A/50% B to 40% A/60% B, 10�13 min; linear gradient from 40%
A/60% B to 70% A/30% B, 13�16 min; isocratic elution 70% A/30% B,
16�21 min. Flow rate was 0.8 mL/min. Optical density was recorded at
518 nm.

For flavan-3-ol analysis the mobile phase31 was composed of 90%
acetonitrile, 0.1% orthophosphoric acid, and 9.9% water. A gradient of
flow was used: 0.4 mL/min to 3 min, a linear decrease to 0.3 mL/min at
10min and to 0.2mL/min at 13min, and steady state to 25min followed
by a linear increase to 0.4 mL/min at 35 min. Optical density was
recorded at 230 nm.

All of the samples were prepared in triplicates. Each sample analysis
was performed in duplicate or triplicate. All of the results presented are
the mean ((SE) of at least three independent experiments.
Statistical Analysis. The data were subjected to the statistical

analysis of the variance (ANOVA-1) to evaluate significant differences
between various explants of black currant. The difference was regarded
as significant when p < 0.05.

’RESULTS AND DISCUSSION

The first aim of this study was to identify antioxidant com-
pounds in the black currant acetone extracts (acetone/water/
acetic acid, 70:28:2) from leaves, buds, and berries. This method
of extraction of the antioxidant compounds was previously
optimized14 for the high antioxidant capacity of the extracts. We
first determined the contents of total phenolics, phenolic acids,
ascorbic acid, flavonols, anthocyanins, flavan-3-ols, and carote-
noids. The second objective of this study was to check whether

Figure 1. Determination of the contents in ascorbic acid of three black currant organs (berries, buds, and leaves) obtained by acetone and specific
extractions: spectrophotometric (A) and HPLC (B) determinations. The concentration is expressed in micrograms of ascorbic acid per gram of frozen
weight. No significant difference (p > 0.05) was observed for spectrophotometric assay between the three explants tested and between the two types of
extraction used, except for specific extraction of buds (n = 3). For the three explants, analyzed by HPLC, a significant difference (p < 0.05) was observed
(n = 3).
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the acetone mixture was an adequate solvent for high-yield
extraction of different antioxidant compounds (by comparing

the content of various antioxidant compounds in acetone extract
and extracts obtained through compound-specific methods).

Figure 2. Determination of the total phenolic contents of three black currant plant organs (berries, buds, and leaves). The concentration is expressed in
milligram equivalent chlorogenic acid per gram of frozenweight. For three analyzed explants, a significant difference (p< 0.05) was observed for the fruits
compared with the leaves and buds (n = 3).

Figure 3. HPLC determination of the content in phenolic acids of three black currant extracts (leaves, buds, and berries) obtained by acetone extraction
(A) and by specific extraction (B). The concentration is expressed in micrograms of phenolic acids per gram of frozen weight (n = 3).
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Ascorbic Acid (AA) Content. Extraction of AA in the acetone
mixture was compared to the specific extraction method. First,
AA was assayed by using the colorimetric method (Figure 1).
Both extraction methods gave similar results for leaves and
berries, with approximately 1500 μg AA/g FW. Results were
very different for buds: about 1500 μg AA/g FWwas found when
using the acetone mixture, whereas AA was barely detectable in
the specific extract. HPLC determination confirmed the absence
of AA in the bud specific extract but also showed contrasting
results for leaves and berries (Figure 1). Compared to specific
extraction, acetone extraction gave higher yields for berries (2347
vs 748 μg/g FW) and lower yields for leaves (28 vs 384 μg/g
FW). The results obtained for berries by HPLC assay after
acetone extraction were higher than (almost double) those
obtained by Benvenuti et al.13 on the black currant ‘Noir de
Bourgogne’. For the determination of the ascorbic acid, we could
show great differences between the two assays used. These
observations were due to the characteristics of the quantification
methods: In the DCIP assay, only reduced L-(þ)-ascorbic acid
was measured, but DCIP could also react with other reducing
substances contained in the extracts such as myricetin.26 In the
HPLC assay, vitamin C was quantified in its two forms: reduced
L-(þ)-ascorbic acid and D-(�)-dehydroascorbic acid. TheHPLC
method had greater sensitivity and specificity than colorimetric
assays.We could show also that bud extracts (by the two extracting
methods) did not contain ascorbic acid. Information about AA

content in buds is scarce. In soybean, the buds contain ascorbic
acid, and its concentration increases at flower induction.32

Total Phenolic Compounds Content. Total phenolic con-
tent was assayed in acetone extracts of leaves, buds, and berries
(Figure 2). Leaves and buds showed significantly higher content
(46.0 ( 8.4 and 45.1 ( 7.5 mg CAE/g FW, respectively) than
berries (21.2( 8.0 mg CAE/g FW). Benvenuti et al.13 obtained
contents in berries of 5.5 ( 0.1 mg gallic acid equiv/g of FW
(extracted in methanol/HCl 2% (95:5, v/v), whereas Cacace and
Mazza33 obtained 88.9( 2.4 mg CAE/g FW in an aqueous sulfur
dioxide extraction solution at pH 3.8 on milled berries.
Phenolic Acid Content. For phenolic acids (Figure 3), the

extraction by specific techniques yielded higher results compared
to extraction in acetone mixture. In acetone extraction, only the
free forms were detected. Phenolic acids are rarely free but
generally linked or esterified. The acetone mixture was able to
liberate a lot of gallic acid (from the three explants) and gentisic
acid (only from leaves) and small amounts of caffeic and ferulic
acids (only from buds). With the specific extraction and hydro-
lysis (Figure 3B), other compounds were found. Gallic acid was
present in the extracts from the three explants with higher
content in leaves. Leaf specific extracts contained about twice
the amount of gallic acid as acetone extracts (1883( 90 vs 1015(
54 μg/g FW). Two other phenolic acids were also found in high
quantity: p-hydroxybenzoic acid in leaves (1572( 32 μg/g FW)
and vanillic acid in buds (2677 ( 206 μg/g FW). Zadernowski
et al.34 used a similar extraction method to the specific extraction
used here on berries and generally found the same phenolic acids
but in lower amounts. They also found thatm-coumaric acid was
predominant (1872( 145 μg/g FW); this phenolic acid was not
found in our specific berry extract. These contrasting results
could be due to varietal differences or difference in ripening stage
of the berries.
Flavonoid Content. Flavonoids are important plant second-

ary metabolites accumulating in stressing conditions.35 They are
largely studied for their benefit on human health.
First, we evaluated the content of total flavonols in the three

extracts (leaves, buds, and berries) (Table 1). The colorimetric
technique used was described in the literature as able to quantify
the content in total flavonoids, but it is based on the formation of
a complex between the flavonoids and AlCl3. We showed

Table 2. Contents of Various Anthocyanidins in the Three Extracts (Leaves, Buds, and Berries) Obtained by Acetone Extraction
(A) and Specific Extraction (B) and Quantification of the Total Anthocyanin Content

(A) Acetone Extraction

anthocyanidins (μg/g FW)

delphinidin petunidin cyanidin peonidin pelargonidin malvidin total anthocyaninsa (μg KuE/g FW)

leaves 85( 14 514( 152 65( 19 35( 7 0 0 381( 72 a

buds 70( 5 493( 140 14( 7 0 0 64( 18 260( 72 a

berries 155( 56 641( 61 123( 41 21( 13 0 503( 74 1468( 222 b

(B) Specific Extraction

anthocyanidins (μg/g FW)

delphinidin petunidin cyanidin peonidin pelargonidin malvidin total anthocyaninsa (μg KuE/g FW)

leaves 88( 18 1181( 115 363 ( 138 133( 75 258( 196 178( 119 429( 87 a

buds 66( 7 114( 13 0 0 0 0 665( 92 b

berries 92 ( 14 941( 167 3( 2 19( 10 0 10( 8 3180( 996 c
a Letters (a�c) indicate a significant difference determined by ANOVA-1 (p < 0.05) between the three explants (n = 3).

Table 1. Contents of Various Flavonol Aglycons in the Three
Extracts (Leaves, Buds, and Berries) andQuantification of the
Total Flavonol Content

flavonols (μg/g FW)

myricetin quercetin kaempferol

total flavonolsa

(mg QE/g FW)

leaves 139( 47 778( 203 322( 151 2.05( 0.34 a

buds 241( 57 480( 74 87 ( 22 2.15( 0.09 a

berries 35( 3 77( 19 10( 5 0.50( 0.09 b
a Letters (a and b) indicate a significant difference determined by
ANOVA-1 (p< 0.05) between the berries and the buds and leaves (n = 3).
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previously that only the flavonols were measured26 by this tech-
nique. The contents in total flavonols of the berries (0.50 (
0.09 mg QE/g FW) were significantly lower than in leaves and
buds. The leaves and the buds had similar contents (2.05( 0.34
and 2.15 ( 0.09 mg QE/g FW, respectively). Cacace and
Mazza33 assayed flavonols in extracts from frozen berries by
HPLC-MS analysis and reported slightly higher contents (1.90(
0.14 mg QE/g of FW). After separation and HPLC analysis, we
showed that quercetin was more abundant than the two other
aglycons (myricetin and kaempferol) in the three explants with a
higher amount in leaf extracts (1.6 and 10 times more than in buds
and berries, respectively). Similar results on the abundance of
aglycons were obtained by Borges et al.36 This group determined
eight flavonols byHPLC-MS analysis with a better yield than in the
present study. H€akkinen et al.37 also reported similar contents in
berries for the three aglycons (quercetin, between 33 and 68 μg/g
FW; kaempferol, e10 μg/g FW; myricetin, 55 μg/g FW). The

same conclusions were obtained by the group of Jakobek:38 44 μg
myricetin/g FW, 21 μg quercetin/g FW, and 8 μg kaempferol/g
FW. For the majority of cultivars, quercetin is prevalent, followed
by myricetin and, finally, kaempferol. However, the contents of
quercetin and myricetin considerably varied with the cultivar.37

For the variety ‘Silvergieter’, nomyricetin was present, whereas for
the ‘Rosenthals langtraubige Schwarze’ variety, myricetin was
prevalent, followed by quercetin.
Anthocyanins are another group of pigments in plants showing

health benefits. As listed in Table 2, total anthocyanins were
significantly different among the explants studied and the extrac-
tionmethods used. For acetone extraction, the berry extract had a
very high content (1468 ( 222 μg KuE/g FW) compared with
the two other explants (381 ( 72 and 260 ( 72 μg KuE/g FW,
for leaf and bud extracts respectively). The specific extraction for
anthocyanins described by Awika et al.20 using 1% HCl in
methanol gave significantly (p < 0.05) similar results for leaves

Table 3. Identification and Quantification of Monomers of Flavan-3-ols in Black Currant Extracts (Leaves, Buds, and Berries)
Obtained by Acetone Extraction (A) and Specific Extraction (B) and Quantification of the Total Content in Flavan-3-ols

(A) Acetone Extraction

flavan-3-ols (μg/g FW)

epigallocatechin gallocatechin catechin epicatechin epigallocatechin gallate total flavan-3-olsa (mg CaE/g FW)

leaves 150( 86 382( 132 19( 9 2,5 ( 1,6 0 1.47( 0.87 a

buds 599( 113 667( 45 91( 9 48( 21 37 ( 35 15.30( 0.93 b

berries 114( 20 226( 4.5 29( 10 8( 0.5 0 3.42( 0.15 c

(B) Specific Extraction

flavan-3-ols (μg/g FW)

epigallocatechin gallocatechin catechin epicatechin epigallocatechin gallate total flavan-3-olsa (mg CaE/g FW)

leaves 0 0 0 0 0 9.0( 4.4 a

buds 110( 4 241( 21 36( 3 69( 22 44( 7 32.0( 3.4 b

berries 79( 33 108( 35 78( 1 35( 4 25( 16 9.7( 1.4 a
a Letters (a�c) indicate a significant difference determined by ANOVA-1 (p < 0.05) between the three explants (n = 3).

Figure 4. Total carotenoid content in extracts of black currant plant organs (leaves, buds, and berries) after acetone and specific extractions. The results
are expressed in micrograms of carotenoids per gram of frozen weight (n = 3). A significant difference in the total carotenoid content (p < 0.05) was
observed between the three explants analyzed (n = 3).
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(429( 87 μg KuE/g FW). On the contrary, for berries and buds,
the acetone mixture extracted significantly (p < 0.05) less
anthocyanins than specific extraction (3180 ( 996 and 665 (
92 μg KuE/g FW, respectively). The berries had an anthocyanin
content 4�5 times higher than leaves and buds. The extracts
obtained by the two extraction types were hydrolyzed before
being analyzed by HPLC. With this technique, we were able to
quantify the total content of the major anthocyanidins (aglycons
of the anthocyanins) (Table 2): delphinidin, petunidin, cyanidin,
peonidin, pelargonidin, and malvidin. Petunidin was the prevalent
anthocyanidin found in the three types of explants with both
extraction methods. Malvidin was also found in great quantity in
the berries extracted with the acetone mixture. Extraction with 1%
HCl led to higher or equivalent yields, except for petunidin in
buds, cyanidin in berries, and malvidin in buds and berries.
Anthocyanin content in berries was reported to be 2189 ( 20
mg KuE/kg FW by the pH-differential method used by the group
of Jakobek,38 15.3( 0.4mgKuE/g of frozen berries byCacace and
Mazza,33 and 2.287 mg KuE/g FW by HPLC analysis by
Benvenuti et al.13 In this study we observed a great difference
between the contents determined by colorimetric and HPLC
assays. The colorimetric method gave lower contents than HPLC
analysis. This was due to the specific reactivity of each anthocyanin
in the assay26 and the use of a glycosylated standard.
The total content in flavan-3-ols (Table 3) in acetone extracts

was significantly higher in the buds (15.3 ( 0.9 mg CaE/g FW)
compared to the two other explants. The same trend was
observed in extract prepared by the specific method, although
this extract always contained more flavan-3-ols than the acetone
extract. However, the analyses by HPLC of the monomers
present in the different extracts showed that the acetone mixture
extracted a higher amount of monomers than the specific
extraction. In our HPLC protocol, only the monomeric forms
of flavan-3-ols present in the sample were quantified. Other
polymeric forms were surely present in the extracts. To determine
the contents in total monomers of flavan-3-ols, various techniques
of acid hydrolysis and depolymerization described in the
literature39 were tested without success. On the level of the
colorimetric assay, all forms of flava-3-ols (monomers and poly-
mers) were detected. Moreover, some anthoycanins can also
interfere, due to their color.
Carotenoid Content. For carotenoids, Morris et al.40 and

Andr�e et al.22 used as extractive solvent 1% BHT in acetone.
Compared to our acetone mixture, this specific extraction gave
higher yields from leaves (549( 8 vs 10( 20 μg carotenoids/g
FW) and to a lesser extent from buds (Figure 4). For berries, the
yields for the two types of extraction were similar. An extractive
mixture containing a high percentage of acetone is advised for the
extraction of xanthophylls, but those were probably degraded in
the acetone method because no precaution was taken here to
allow their correct extraction and conservation.
In general, the black currant berries contained higher levels

of natural phenolic compounds than other fruits such as
Rubus fruticosus, Rubus idaeus L., Ribes rubum, and Sambucus
nigra.13,37,38 The black currant variety ‘Noir de Bourgogne’ has a
lower level of phenolic compounds and ascorbic acid than other
varieties of black currant but a higher level of anthocyanins.13,14

In this work, we have shown that the acetone extracts of leaves
and buds had total phenolic contents largely higher than the
berry extracts, which was also confirmed after analysis of the
content in total flavonoids. The most abundant flavonol aglycon
in these extracts was quercetin. The content in ascorbic acid was

similar in the three types of extracts if measured by spectro-
photometric method, whereas HPLC analysis of berries showed
a higher content in ascorbic acid than in the two other plant
organs. The extracts also contained phenolic acids: gallic acid in
extracts from the three explants, gentisic acid in leaves, and caffeic
and ferulic acid in buds. The most abundant anthocyanidin,
whatever the explant, was petunidin. With regard to the flavan-3-
ols, the bud extracts presented a higher content compared to
other explants. The predominant monomers of flavan-3-ols were
gallocatechin followed by epigallocatechin.
In conclusion, the acetone mixture can extract several classes of

phenolic compounds with a good yield for flavonols, flavan-3-ols,
and anthocyanins. This method is not adequate for carotenoids.
For phenolic acids, it extracts fewer compounds than the specific
method. However, we have also shown that leaves and buds could
be considered good sources of natural antioxidant compounds.
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