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A b s t r a c t

Ellagic acid is a biologically active compound, regarded as preventive against various diseases
and demonstrates anticarcinogenic and antioxidant effects. In Poland, one of the five largest
strawberry producers, the supply of these fruits is significant; therefore exploration of this subject
and dissemination of the knowledge concerning their nutritional values and health-related properties
is important. The aim of the study was to determine the content of ellagic acid in the most popular,
selected strawberry cultivars in Poland.

Fruits of the strawberry cultivars under examination differed significantly in ellagic acid content.
The content of the analysed component ranged from 452.5 mg kg–1 fresh weight (4,575.6 mg kg–1 dry
matter) in fruits of the ‘Heros’ cultivar to 1,193.8 mg kg–1 fresh weight (14,215.0 mg kg–1 d.m.) in fruits
of the ‘Camarosa’ cultivar. The highly diversified content of ellagic acid in fruits of individual cultivars,
grown in similar soil and weather conditions and subjected to the same agricultural treatments,
indicates that the content of the analysed phenolic acid depends not only on the fruit species, but also
on the cultivar.
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A b s t r a k t

Kwas elagowy jest związkiem biologicznie aktywnym, uznanym za prewencyjny dla wielu chorób,
wykazującym m.in. działanie antykancerogenne i antyoksydacyjne. W Polsce, należącej do pięciu
największych producentów truskawek na świecie, podaż tych owoców jest znaczna, istotne jest więc
zgłębianie i propagowanie wiedzy dotyczącej ich wartości odżywczych czy prozdrowotnych. Celem
pracy było określenie zawartości kwasu elagowego w wybranych najpospolitszych w kraju odmianach
truskawek.

Owoce badanych odmian truskawek różniły się istotnie pod względem zawartości kwasu
elagowego. Zawartość badanego składnika wynosiła od 452,5 mg kg–1 św.m. (4575,6 mg kg–1 s.m.),
w owocach odmiany ‘Heros’ do 1193,8 mg kg–1 św.m. (14215,0 mg kg–1 s.m.), w owocach odmiany
‘Camarosa’. Wysoce zróżnicowane zawartości kwasu elagowego w owocach poszczególnych odmian,
uprawianych w zbliżonych warunkach glebowo-klimatycznych i poddanych tym samym zabiegom
agrotechnicznym, pozwalają domniemywać, iż zawartość badanego kwasu fenolowego jest zależna nie
tylko od gatunku owoców, ale również od odmiany.

Introduction

Ellagic acid is one of the increasingly often analysed and demanded
biologically active compounds, such as phenoloacids (BUDRYN and NEBESNY

2006). Their most frequently listed, numerous nutritional benefits particularly
include their participation in free radical scavenging, chelation of metal ions,
changing enzyme activity and availability of proteins, counteracting coronary
heart disease, cancer formation, inflammatory conditions and diabetes. Addi-
tionally, they display proven synergistic interaction with other biologically
active compounds (BUDRYN and NEBESNY 2006 after SVILAAS et al. 2004).

A particular interest in the content of ellagic acid results from the fact that
this component is regarded as preventive against many diseases (DA SILVA

PINTO et al. 2008, IPPOUSHI et al. 2009). The anticarcinogenic effect of ellagic
acid in strawberries is displayed, among others, by a change in the activity of
enzymes participating in metabolic activation of a carcinogen (FJAERAA and
NÅNBERG 2009, SZUMIŁO 2009). Ellagic acid blocks hepatic cytochrome P-450,
which initiates bioactivation of carcinogens (OSZMIAŃSKI and LAMER-ZARAWSKA

1996). It was also found to inhibit cancers caused by various types of
carcinogenic compounds, such as polycyclic aromatic hydrocarbons, N-nit-
rosamines, aflatoxin B1 and aromatic amines (IPPOUSHI et al. 2009 after
HANNUM 2004, HEUR et al. 1992, MANDAL et al. 1987).

Ellagic acid in strawberry fruit demonstrates potential health-related
benefits for chronic pancreatitis (SCALBERT et al. 2005, SUZUKI et al. 2009).
This component also reduces the development of neutropenia in patients
suffering from prostate cancer (FALSAPERLA et al. 2005). It was established
that consumption of the pomegranate fruit extract, rich in ellagic acid, had
a protective and mitigating effect on skin pigmentation after exposure to UV
radiation (KASAI et al. 2006).
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Poland is one of the five largest strawberry producers in the world.
In terms of production volume, this fruit is second in Poland, just after
apples. Depending on the year, between 5 and 8 kg of strawberries are
produced per inhabitant (ŻURAWICZ 1994). In view of the facts mentioned
above, we are an important supplier of this fruit; therefore it is important
to explore and disseminate the knowledge concerning its nutritive values
and health-related properties.

Ellagic acid is a gallic acid dimer, found in many indirect forms differing in
solubility or reactivity both in the world of plants and in the world of animals
(DA SILVA PINTO et al. 2008 after MAAS and GALETTA 1991). In strawberry
fruits, it can be found both in a free and in a bound form. However, most ellagic
acid found in berries takes the form of ellagitannins esterified with glucose
(BUDRYN and NEBESNY 2006 after AZUMA et al. 2005). In order to release them,
an acid hydrolysis is carried out, which provides a basis for determining the
total content of ellagic acid in fruits (DANIEL et al. 1989).

The literature provides various data concerning the content of ellagic
acid in strawberry fruits, depending on the analytic method applied (HÄK-

KINEN et al. 2000, WILSON and HAGERMAN 1990, CARPITA 1983, DA SILVA

PINTO 2008). Additionally, research conducted by various groups has con-
firmed the diversity in ellagic acid content in fruits of different strawberry
cultivars (AMAKURA et al. 2000, DA SILVA PINTO et al. 2008, HÄKKINEN

et al. 2000, MAAS and GALETTA 1991, SKUPIEŃ and OSZMIAŃSKI 2004).
However, these cultivars are not common in the Polish market. Thus,
the aim of the study was to compare the content of ellagic acid in fruits
of the most common strawberry cultivars in Poland.

Materials and Methods

Research material included fruits of eleven strawberry cultivars
(‘Camarosa’, ‘Dukat’, ‘Elsanta’, ‘Heros’, ‘Honeoye’, ‘Kama’, ‘Kent’, ‘Onebor’,
‘Polka’, ‘Senga Sengana’, ‘Thuriga’), gathered in the season of 2008. The fruits
originated from experimental plots established on a commodity plantation in
Jaroty near Olsztyn. Strawberries were planted on a plateau with a south-
facing slope, on quality class III loamy soil.

Fruits of each of the cultivars were picked at their collective ripeness stage,
at 3–4 day intervals, from fruits selected at random for each cultivar. Fruits,
after gathering from the plantation, were selected and de-stemmed, frozen and
stored at -20oC ( ± 2oC) before analysis for four weeks.

Fruit dry weight was determined by gravimetric method (Przetwory
owocowe... PN-90/A-75101/03). Extraction and hydrolysis was conducted
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according to the method described by HÄKKINEN et al. (2000). A sample
of carefully fragmented fruits (5.0 g) was placed in a 100 ml flat-bottomed
flask. Next, 25 ml of methanol, 15 ml of distilled water and 10 ml of
6M hydrochloric acid were added. The mixture was placed in a laboratory
heating mantle under a reflux condenser. The process of extraction was
carried out at 85oC for 20 hours.

The obtained extract was then filtered through a Schott G4 funnel. 10 ml
was taken from the total amount of the filtrate and concentrated to a dry
substance using a Büchi R-210 type vacuum evaporator, not exceeding 35oC.
The remaining part was solved in 2 ml of methanol and centrifuged for 10 min
at 10,000 ref./min. in an Eppendorf test tube. The obtained sample was
analysed by high performance liquid chromatography (HPLC). The chromato-
graphic set applied in the analysis, Agilent Technologies Series 1200, was
equipped with photodiode detector of the same series. The analysis was carried
out according to the method described by AMAROWICZ and WEIDNER (2001).

Separation was performed on the LiChrospher 100, RP-18 column,
250 x 4.6 mm (5 μm). As a mobile phase, the following mixture was used: water,
acetonitrile and acetic acid, in a 88:10:02 ratio. A quantitative analysis was
carried out on the basis of a standard curve using the ellagic acid reference
standard (Sigma).

Values reported in this study are the mean values from three replications.
The significance of differences between mean results, at the significance level
of α=0.05, was calculated with the use of computer software Statistica PL9,
applying a Tukey test.

Results and Discussion

Strawberry cultivars differed significantly in their ellagic acid contents (Table
1), which ranged from 452.5 mg kg–1 fresh weight (4,575.6 mg kg–1 dry matter)
in fruit of the ‘Heros’ cultivar, to 1,193.8 mg kg–1 f.w. (14,215.0 mg kg–1 d.m.)
in fruits of the ‘Camarosa’ cultivar.

The content of ellagic acid (Figure 1) in the fresh weight of the pulp did not
statistically differ from the traditionally cultivated ‘Senga Sengana’ cultivar.
The exception were the ‘Camarosa’ and ‘Elsanta’ cultivars, in which the
content of the analysed acid was almost twice that of its mean content in the
examined cultivars of strawberries. A significantly lower value in comparison
to most cultivars was obtained for fruits of the ‘Heros’ cultivar.

An analysis of the content of ellagic acid in the dry matter of fruits showed
that ‘Camarosa’ and ‘Elsanta’ cultivars had significantly higher contents
in relation to other examined cultivars. In those two cultivars, the content
of ellagic acid considerably exceeded 10,000 mg kg–1 d.m. This relation was also
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Table 1
Ellagic acid content in strawberry fruits

Ellagic acid

[mg kg–1 fresh weight] [mg kg–1 dry matter]
Cultivar

Camarosa 1193.8 ± 22.1e 14215.0 ± 156.4g

Dukat 516.8 ± 7.2ab 6374.7 ± 31.8bc

Elsanta 1034.1 ± 25.7d 10964.8 ± 149.9f

Heros 452.5 ± 20.6a 4575.6 ± 158.1a

Honeoye 635.6 ± 2.9c 7802.7 ± 7.3d

Kama 540.8 ± 12.6b 6794.6 ± 100.7c

Kent 528.1 ± 9.4b 6449.9 ± 71.6bc

Onebor 534.0 ± 13.9b 7552.2 ± 110.9d

Polka 561.7 ± 2.4bc 6038.7 ± 24.4b

Senga Sengana 580.0 ± 5.3bc 8767.1 ± 122.0e

Thuriga 553.7 ± 16.0b 6113.1 ± 148.3b

Values in the same column marked with the same letters do not differ significantly (p<0.05).
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Fig. 1. Chromatogram of polyphenolic compounds in strawberry fruits: 1, 3 – ellagic acid derivatives,
2 – ellagic acid

observed in reference to the dry matter of fruits. Among the examined
cultivars, the mean content of ellagic acid in the dry matter of fruits was
established in fruits of ‘Senga Sengana’, ‘Honeoye’ and ‘Onebor’ cultivars. The
content of the examined component in the above mentioned cultivars ranged
from 7,552.2 to 8,767.1 mg kg–1 d.m. The values obtained for fruits of other
cultivars did not exceed 7,000 mg kg–1 d.m.

Due to the multitude of forms in which ellagic acid is found and factors
affecting its extraction, it is very difficult to compare the results obtained
in data provided in literature. A similar content of the examined acid
is reported by MAAS and GALETTA (1991) and SKUPIEŃ and OSZMIAŃSKI
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(2004). A lower differentiation of the total content of ellagic acid in selected six
cultivars of strawberries cultivated in Finland was found by HÄKKINEN et al.
(2000). The total content of ellagic acid ranged there between 400 and 520 mg kg–1

fresh weight.

Conclusions

1. Fruits of the strawberry cultivars under examination significantly dif-
fered in the content of ellagic acid, both in fresh weight and in dry matter. The
highest content of the examined acid, determined for the ‘Camarosa’ cultivar,
was almost three times higher than the lowest one, reported for the ‘Heros’
cultivar.

2. The highly diversified content of ellagic acid in fruits of individual
cultivars, grown in similar soil and weather conditions and subjected to the
same agricultural treatments, indicates that the content of the analysed
phenolic acid depends not only on the fruit species, but also on the cultivar.
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