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MTT Agrifood Research Finland, Biotechnology and Food Research, ET-talo, FIN-31600 Jokioinen,
Finland, and Food and Health Research Centre, Department of Clinical Nutrition, University of

Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland

The contents of soluble and total phenolic acids were analyzed in samples of 29 berries and berry
products, 24 fruits and fruit peels, and 12 beverages. Variation of phenolic acids in berries was also
studied. Soluble phenolic acids were extracted with methanolic acetic acid, and a tentative
quantification was performed by high-performance liquid chromatography (HPLC). The total phenolic
acid content was determined by HPLC after alkaline and acid hydrolyses. The content of total phenolic
acids as aglycones in the above samples varied from 0 (pear cider) to 103 mg/100 g fresh weight
(rowanberry). Besides rowanberry, the best phenolic acid sources among berries were chokeberry
(96 mg/100 g), blueberry (85 mg/100 g), sweet rowanberry (75 mg/100 g), and saskatoon berry (59
mg/100 g). Among fruits, the highest contents (28 mg/100 g) were determined in dark plum, cherry,
and one apple variety (Valkea Kuulas). Coffee (97 mg/100 g) as well as green and black teas (30-
36 mg/100 g) were the best sources among beverages. Caffeic acid dominated in all of these samples
except in tea brews. Variation in the phenolic acid contents of the berries was either small or moderate.
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INTRODUCTION

Phenolic compounds constitute a large group of secondary
plant products with an aromatic ring bearing one or more
hydroxyl substituents. Phenolic acids are one major class of
phenolic compounds, found widely in foods of plant origin (1-
3). The four most common hydroxycinnamic acids arep-
coumaric, caffeic, ferulic, and sinapic acids, while the corre-
spondinghydroxybenzoicacidsarep-hydroxybenzoic,protocatechuic,
vanillic, and syringic acids. These derivatives differ in the
patterns of the hydroxylations and methoxylations of their
aromatic rings. Phenolic acids are present in plant foods mostly
in bound form. Hydroxycinnamic acids occur frequently in foods
as simple esters with quinic acid or glucose. Probably the most
abundant soluble bound hydroxycinnamic acid is chlorogenic
acid, which is combined from caffeic and quinic acids. Unlike
hydroxycinnamates, hydroxybenzoic acid derivatives are mainly
present in foods in the form of glucosides, whereas glucose
esters have been found only occasionally (1, 3-5).

Dietary polyphenols, such as phenolic acids, are considered
to be powerful antioxidants. Their antioxidant activity is much
higher in vitro than of well-known vitamin antioxidants (6).
Antioxidation is, however, only one of the many mechanisms
through which polyphenols can exert their actions. Polyphenols
have been reported to demonstrate antibacterial, antiviral,
antimutagenic, anticarcinogenic, anti-inflammatory, antiprolif-
erative, and vasodilatory actions (7-12). The relationship

between the intake of certain flavonoids and a reduced risk of
many degenerative diseases (e.g., cardiovascular disease and
cancer) has been shown in a number of epidemiological studies
(13-15).

Despite the fact that phenolic compounds are purported to
have health benefits, further studies are needed to fully
understand their actions. It is essential to determine the nature
and distribution of polyphenols in the human diet. Such
knowledge will enable the evaluation of polyphenol intake and
an epidemiological analysis to understand the relation between
the intake of these substances and the risk to develop various
diseases. Data compiled by Radtke et al. (2) and Clifford (4)
indicate that many berries, fruits, and beverages are either
moderate or good sources of phenolic acids. However, more
recent data are limited, and the existing data on phenolic acid
contents are inadequate and disconnected.

The aim of this study was to determine the content of phenolic
acids in the most consumed fruits and beverages and in a wide
range of berries. To our knowledge, no corresponding studies
have been published in this extent. Our ultimate aim is to enter
the obtained data into the Finnish Food Composition Database,
Fineli, maintained by the National Public Health Institute of
Finland.

MATERIALS AND METHODS

Standards. The standards of phenolic acids were obtained from
various manufacturers. Chlorogenic acid, protocatechuic acid,p-
hydroxybenzoic acid, vanillic acid, syringic acid,p-coumaric acid,
o-coumaric acid, sinapic acid, caffeic acid, and ferulic acid were
obtained from Sigma Chemical Co. (St. Louis, MO), whilem-coumaric
acid was from Fluka (Buchs, Switzerland) andE-cinnamic acid was
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from Aldrich (St. Louis, MO). All standards were prepared as stock
solutions at 2 mg/ mL in MeOH. Stock solutions of the standards were
stored in darkness at-18 °C. Standard solutions remained stable over
3 months.

Samples.For the study, we selected the most important fruits and
beverages and almost all of the berries available in Finland (Tables
1-3). All of the samples except for fresh berries, cherry, rhubarb, and
red wine were purchased from 10 retail stores in the Helsinki, Kuopio,
and Forssa areas during 2003-2005. Each of the three major food
chains in Finland was represented. Berries and rhubarb, all domestic,
and cherries were purchased from retail stores, market stalls, and one
wholesaler in the Kuopio area or, in the case of berries, picked from
several areas in Finland during the summers of 2003-2005. Red wine
samples were purchased from Alko Inc. in Forssa in fall 2004. (Alko
has a monopoly in Finland over retail sales of beverages containing
over 4.7% of alcohol by volume.) Generally, we obtained 10 subsamples
weighing 0.5-2.0 kg of each food item. For berries, however, the
number of subsamples was smaller (2-10).

Sample handling and pooling followed the protocols described earlier
by Koivu et al. (16) and Mattila and Hellstro¨m (17). We prepared one
pooled sample representing each item and analyzed these samples for
consumption; that is, only their edible parts were included in the
analyses. In the case of apples, the peels were also analyzed separately.
Each subsample was diced when necessary, and identical amounts
(usually 100 g) of each were added to the pool. The pooled samples
were mixed and frozen, then freeze-dried (except for jams, bilberry
soup, and beverages), and stored at-20 °C until analyzed. One tea
bag from all 10 tea subsample packets was separately brewed at 95°C
for 3 min in 200 mL of water, after which 100 mL of each of these 10
brews was combined. The coffee sample was obtained by pooling 100
g of each of the 10 coffee packets. The sample of coffee beverage was
prepared with a conventional coffee maker by brewing twice 35 g of
pooled coffee powder and 700 mL of water and combining identical
amounts from each brewing. The coffee and tea samples were analyzed
immediately upon preparation.

To monitor variation of phenolic acid content in different types of
berries, we collected samples of strawberry (cultivars Polka and Jonsok),
raspberry, and bilberry in two or three different years. In addition, five
chokeberry samples were obtained in summer 2005: two samples from
St. Petersburg, Russia, two samples from eastern Finland, and one
sample from western Finland. These samples were determined sepa-
rately.

Moisture. To obtain their moisture contents, the pooled berry and
fruit samples were weighed before and after drying at 97°C overnight
(16 h).

Analysis of Phenolic Acids.Soluble and total phenolic acids were
analyzed according to the method by Mattila and Kumpulainen (18)
as modified by Mattila and Hellstro¨m (17). First, 0.1-0.5 g of freeze-
dried or 2 g offresh homogenized sample was homogenized in 7 mL
of a mixture of methanol, containing 2 g/L of butylated hydroxyanisole
and 10% acetic acid (85:15). The mixture was sonicated for 30 min
and made up to a volume of 10 mL with distilled water. After mixing,
1 mL was filtered for high-performance liquid chromatography (HPLC)
analysis of soluble phenolic acids. The remaining 9 mL of the sample
extract was used for a sequential hydrolysis experiment with base
followed by acid. Next, 12 mL of distilled water containing 1% ascorbic
acid, 0.415% ethylenediaminetetraacetic acid tetrasodium salt dihydrate
(EDTA), and 5 mL of 10 M NaOH was added into the test tube, sealed,
and stirred overnight (about 16 h) at 20°C using a magnetic stirrer.
The solution was adjusted to pH 2 with concentrated HCl, and the
liberated phenolic acid aglycones were extracted with a mixture of cold
diethyl ether and ethyl acetate (1:1; 3× 15 mL). The organic layers
were then combined. An acid hydrolysis was performed by adding 2.5
mL of concentrated HCl into the test tube and incubating in a water
bath at 85°C for 30 min. The sample was cooled, and further sample
handling was performed in the same manner as after alkaline hydrolysis.
The organic layers from the alkaline and acid hydrolyses were
combined, evaporated to dryness, dissolved into 2 mL of methanol,
filtered, and analyzed for total phenolic acids by HPLC.

An Agilent 1100 Series high-performance liquid chromatograph
equipped with a diode array detector was used as the analytical HPLC

system. The HPLC pumps, autosampler, column oven, and diode array
system were monitored and controlled using the HP Chem Station
computer program. Phenolic acids were quantified with the diode array
detector using the following wavelengths: 254 nm for protocatechuic
acid, p-hydroxybenzoic acid, and vanillic acid; 280 nm for syringic
acid, p-coumaric acid,m-coumaric acid,o-coumaric acid, andE-
cinnamic acid; and 329 nm for caffeic acid, ferulic acid, sinapic acid,
and chlorogenic acid. Phenolic acid separation was done with an Inertsil
ODS-3 (4.0 mm× 150 mm, 3µm) column (GL Sciences, Inc., Japan)
equipped with a C-18 guard column. The temperature of the column
oven was set at 35°C. A gradient elution was employed with a mobile
phase consisting of 50 mM H3PO4 at pH 2.5 (solution A) and
acetonitrile (solution B) as follows: isocratic elution 95% A, 0-5 min;
linear gradient from 95 to 85% A, 5-17 min; linear gradient from 85
to 80% A, 17-40 min; linear gradient from 80 to 50% A, 40-60 min;
isocratic elution 50% A, 60-65 min; linear gradient from 50 to 95%
A, 65-67 min; post-time 6 min before the next injection. The flow
rate of the mobile phase was 0.7 mL/min, and the injection volume
was 10 µL. All phenolic acids were quantified using an external
standard. Unknown soluble phenolic acids were tentatively quantified
as the phenolic acid, which their UV spectrum resembled. All
quantifications were based on peak area, and all samples were analyzed
in triplicate. The determination limits for soluble and total phenolic
acids were 0.1 mg/100 g and 0.05 mg/100 g, respectively.

The overall validation of the method has been reported previously
by Mattila and Kumpulainen (18) and Mattila and Hellstro¨m (17).
Recovery tests performed for fruits and berries (n ) 10) showed an
acceptable accuracy of the method; recoveries typically varied from
99 to 115% and from 79 to 101% for soluble and total phenolic acids,
respectively, depending on the phenolic acid.

RESULTS AND DISCUSSION

To determine the total phenolic acid content (sum of bound
soluble and insoluble forms plus free phenolic acids as agly-
cones) in berries, fruits, and beverages, the samples were
sequentially hydrolyzed by base and acid. Nardini et al. (19)
found that the recovery of phenolic acids can be improved by
adding EDTA and vitamin C to the hydrolysis medium. This
analysis step was also used in the present study. Initially, the
soluble phenolic acids (free and bound soluble forms) were
extracted with methanolic acetic acid and quantified as reported
earlier (17,18). Because of a lack of reference standards for
soluble bound phenolic acids, the results are to be considered
tentative and are reported only as percentual shares of total
phenolic acids inTables 1, 3, and4. However, this information
may be of interest because the bioavailability of soluble phenolic
acids may differ from insoluble ones.

Phenolic Acids in Berries.Berries showed variation in the
content and distribution of phenolic acids (Table 1). The highest
contents of these compounds were found in rowanberry (103
mg/100 g), chokeberry (96 mg/100 g), blueberry (85 mg/100
g), sweet rowanberry (75 mg/100 g), and saskatoon berry (59
mg/100 g). Caffeic acid, which is a hydrolysis product of soluble
chlorogenic acid and its isomers (18, 20), dominated in these
berries, in agreement with the earlier literature (1, 21-25). In
fact, the percentual share of soluble phenolic acids in these
berries was high (70-90%). The phenolic acid contents of sweet
rowanberry and chokeberry accorded well with studies by
Määttä-Riihinen et al. (21)., who analyzed only soluble phenolic
acids. On the other hand, we found higher contents in blueberry
in the present study. This is logical, however, because while
blueberry also contained insoluble bound phenolic acids (par-
ticularly syringic acid), the phenolic acids found in sweet
rowanberry and chokeberry were mainly soluble (Table 1).

Moderate phenolic acid contents were determined in bilberry
(40-51 mg/100 g), cloudberry (40 mg/100 g), southern crow-
berry (33 mg/100 g), rose hip (29 mg/100 g), raspberry (26-
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29 mg/100 g), lingonberry (24 mg/100 g), black currant (23
mg/100 g), and bog whortleberry (22 mg/100 g;Table 1).
Phenolic acid contents in other berries were less than 15 mg/
100 g. In raspberry, bog whortleberry, crowberry, and rose hip,
the percentual share of detectable soluble phenolic acids was
low (<10%), while the other above-mentioned berries contained
higher levels of soluble forms (30-40%). Bound gallic acid
dominated in cloudberry, raspberry, and rose hip. Gallic acid
was probably liberated as a result of alkaline and acid hydrolyses
from gallotannins and galloyl esters, whose presence has been
established in the literature as typical of the family Rosaceae
(26). In addition to blueberry, the occurrence of bound syringic
acid was typical of bilberry and bog whortleberrysa finding,
which, to our knowledge, has not been reported previously.

Strawberries contained total phenolic acids 10-18 mg/100
g, of which 30% were soluble, predominantlyp-coumaroyl
esters. Other dominant phenolic acid aglycones in strawberries,
besidesp-coumaric acid, werep-hydroxybenzoic and gallic acid.
The magnitude of the contents ofp-coumaric acid in strawberry
was consistent with previous reports (27-29). However, ac-
cording to data compiled by Radtke et al. (2), strawberries
contain nop-coumaric acid at all. Earlier studies on berries have
generally reported variable contents of phenolic acids. Reasons
for the high variation may lie in differences in the analytical
methodology used and in the natural variation of sample
material. Besides, most of the earlier reports deal only with
soluble phenolic acids.

To monitor variation in the phenolic acid contents of the
pooled samples, sampling of selected berries was repeated twice
(bilberry, raspberry, and strawberry Jonsok) or three times
(strawberry Polka;Table 1). Small to moderate variation was
observed; the phenolic acid contents of bilberry, raspberry,
strawberry Jonsok, and strawberry Polka varied from 40 to 51,
26 to 29, 13 to 14, and 10 to 18 mg/100 g, respectively.
Individual samples of chokeberry were analyzed to monitor the
variation further (Table 2). The variation was small. The total
phenolic acid contents of five chokeberry samples varied from
77 to 96 mg/100 g fw (mean) 90 ( 7.8 mg/100 g fw, CV
8.7%).

Phenolic Acids in Fruits. Among fruits, the highest contents
of phenolic acids were found in dark plum, cherry, citrus fruits,
red grape, and some apple varieties (Table 3). However, the
contents in these fruits (<30 mg/100 g) were clearly lower than
in the best berries. Caffeic acid dominated in plum, cherry, and
apples; syringic acid dominated in red grape; and ferulic acid
dominated in citrus fruits.Table 3shows that nearly all phenolic
acids in plum and cherry were in soluble form (as chlorogenic
acid isomers). In contrast, a large part of the phenolic acids in
citrus fruits and red grape was detectable only after the
performed hydrolyses. Our results for total phenolic acid content
in plum and cherry agreed well with data compiled by Radtke
et al. (2), although previous studies have found considerable
cultivar- and maturation-born variations in the phenolic acid

contents of these fruits (1, 30, 31). However, our results for
citrus fruits were higher and for red grape lower than reported
earlier (2).

The predominant phenolic acid aglycones in apples were
caffeic,p-coumaric, and gallic acids. In agreement with previous
studies (1,32-34), the contents of phenolic acids varied a lot
between different apple cultivars. The lowest content of total
phenolic acids was determined from the cultivar Granny Smith
(7 mg/100 g) and the highest from Valkea Kuulas (28 mg/100
g; Table 3). Apart from a higher content of total phenolic acids,
Valkea Kuulas differed from other varieties by its higher
percentual share of soluble phenolic acids, mostly of chlorogenic
andp-coumaric acid isomers. Contrary to peels of potatoes (17),
for example, apple peels contained lower levels of phenolic acids
than whole fruits. This agrees with results reported by Awad et
al. (33) and Alonso-Salces et al. (32). In a study by Awad et al.
(33)., chlorogenic acid was mainly present in the core area and
the seeds, with an intermediate level in the flesh and a low level
in the skin. On the other hand, Goristein et al. (35) found
significantly higher phenolic acid contents in the peels of apples
(cultivar Golden Delicious) than in the peeled fruits.

Peach, nectarine, pear, rhubarb, banana, green grape, kiwi
fruit, and watermelon contained moderately low levels (<10
mg/100 g) of phenolic acids. Most of the phenolic acids in pear,
peach, and nectarine were in soluble form as chlorogenic acid
isomers. In green grape, kiwi fruit, and watermelon, the share
of detectable soluble phenolic acids was lower (10-60%), and
in rhubarb and banana, all phenolic acids became detectable
only after the performed hydrolyses. There is scant earlier
information on the phenolic acid content in kiwi fruit, water-
melon, banana, and rhubarb, and the values for peach, pear,
and grapes vary considerably in the literature. For example,
Gorinstein et al. (35) reported higher results for pears and
peaches than obtained in the present study. On the other hand,
cultivar-born variation has been found to be considerable in the
case of these fruits (1, 36). Our results for these fruits, however,
fit well with the ranges reported earlier.

Phenolic Acids in Beverages.The contents of phenolic acids
in beverages varied widely, ranging from 0 (pear cider) to 97
mg/100 g (coffee;Table 4). In most beverages, the hydrolysis
procedures liberated a large amount of phenolic acids from their
bound forms as compared with results obtained after methanolic
acetic acid extracts (results not shown). Coffee and black tea
were exceptions, however, as their phenolic acid levels calcu-
lated as aglycones were comparable after both treatments.

Coffee was the richest source of phenolic acids (97 mg/100
g) among the studied beverages. Over 10 different chlorogenic
acid isomers were detected in the coffee sample from which
caffeic acid had been liberated after the hydrolyses. According
to Clifford et al. (37), green coffee beans are remarkably rich
in chlorogenic acid, containing over 30 chlorogenic acid isomers.
Our results agree with former studies, which suggest that a 200
mL cup of roast and ground coffee might supply from 70 mg
up to 350 mg of chlorogenic acid, respectively (2, 4). Nardini

Table 2. Total Phenolic Acids Contents in Five Individual Chokeberry Samples as Aglycones (Means ± SD of Triplicate Samples in Milligrams Per
100 Grams of Fresh Weight)

sampling region DM (%) CAF FER PROTO VAN P-COUM CIN TOT

Eastern Finland 1 19.2 71 ± 1.8 2.5 ± 0.28 10.0 ± 0.13 0.91 ± 0.250 6.5 ± 0.64 0.53 ± 0.007 91
Eastern Finland 2 18.8 60 ± 5.9 1.9 ± 0.14 8.3 ± 1.5 0.7 ± 0.18 5.5 ± 0.42 0.70 ± 0.022 77
Western Finland 18.8 71 ± 2.5 2.6 ± 0.13 8.4 ± 0.35 1.31 ± 0.085 7.61 ± 0.032 ND 91
St Petersburg, Russia 1 20.9 75 ± 1.6 2.2 ± 0.12 13.0 ± 1.0 ND 5.9 ± 0.28 0.2 ± 0.27 96
St Petersburg, Russia 2 22.3 74 ± 3.5 2.8 ± 0.31 12.1 ± 1.3 ND 6.2 ± 0.73 0.9 ± 0.16 96
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et al. (38) also obtained a very similar result as achieved in the
present study for total phenolic acid aglycones after alkaline
hydrolysis (99 mg/100 g).

Apart from coffee, high or moderate contents of phenolic
acids were determined in green and black tea (30-36 mg/100
g), red wine (20 mg/100 g), and apple juice (19 mg/100 g),
whereas the phenolic acid contents in other beverages were
below 10 mg/100 g. High contents of phenolic acids were also
analyzed in cocoa powder (48 mg/100 g), but when the powder
is prepared into a cocoa beverage, the phenolic acid content is
low. There is but little information on phenolic acid content in
different tea brews, although according to Clifford (4), black
and green tea leaves contain large amounts of theogallin and
small amounts ofp-coumaroylquinic and caffeoylquinic acids.
This is in agreement with the present study, as gallic acid
aglycones dominated in the tea brews whereas the contents of
caffeic andp-coumaric acids were lower. In wine and apple
juice, the contents of phenolic acids vary widely (4, 39, 40),
and the use of different methodologies makes comparison with
previous data difficult. However, our results for red wine and
apple juice were higher as compared with data introduced by
Radtke et al. (2) and Amakura et al. (41). On the other hand,
our total phenolic acid result for orange juice was at the same
level as reported earlier (42). Commercial black currant and
mixed berry juice concentrates contained moderately low levels
of phenolic acids (9 mg/100 g and 2 mg/100 g, respectively),
especially considering that they have to be diluted further before
consumption. To our knowledge, these two commercial products
have not been studied earlier. Clifford (4) observed high
phenolic acid variation in commercial ciders (1-48 mg chlo-
rogenic acid isomers/100 mL). Our study results for the Finnish
pear and apple ciders fit at the lower end of this range (<2
mg/100 g). The result for beer (2 mg/100 g) was of the same
magnitude as reported by Nardini and Ghiselli (43).
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anthocyanins and hydroxycinnamic acids affecting the skin
colour during maturation of sweet cherries (Prunus avium L.).
Lebensm.-Wiss. Technol.2004,37, 123-128.

(32) Alonso-Salces, R.; Barrando, A.; Abad, B.; Berrueta, L.; Gallo,
B.; Vicente, F. Polyphenolic profiles of Basque cider apple
cultivars and their technological properties.J. Agric. Food Chem.
2004,52, 2938-2952.

(33) Awad, M.; Jager, A.; Westing, L. Flavonoid and chlorogenic
acid levels in apple fruit: characterisation of variation.Sci.
Hortic. 2000,83, 249-263.

(34) McRae, K.; Lidster, P.; DeMarco, A.; Dick, A. Comparison of
the polyphenol profiles of apple fruit cultivars by correspondence
analysis.J. Sci. Food Agric.1990,50, 329-342.

(35) Gorinstein, S.; Martin-Belloso, O.; Lojek, A.; Cˆ iẑ, M.; Soliva-
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