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I Abstract
Fragaria vesca (wild strawberry) belongs to the Rosaceae family. Besides the leaves (Fragariae folium) and roots (Fragariae
radix), the aromatic fruits (Fragariae fructus) of wild strawberry are also herbal materials used in medicine. The aim of this
study was to compare the value of phytochemical and antioxidant activity of wild strawberry fruits (Fragaria vesca L.).
The fruits were analyzed regarding their secondary metabolites contents (flavonoids, sum of phenolic acids, tannins,
anthocyanins, DPPH), depending on the origin of the raw material (from natural habitats vs. cultivation). According to the
obtained results, raw material originating from natural habitats contained significantly more flavonoids (0.559 mg-g?),
compared to fruits harvested from cultivation (0.472 mg-g™', on average). Mean concentration of phenolic acids ranged from
1.648 mg-g' - 2.348 mg-g”, although the wild form was characterized by higher levels of examined substances. Tannins are
an important fraction of phenolic compounds; their content in studied fruits ranged from 2.2% (from cultivation) - 3.0%
(from natural habitats). When comparing the average contents of anthocyanins in the studied materials, it was revealed that
remarkably more of these compounds were recorded in wild strawberry fruits harvested from natural habitats vs. those
from cultivations: 132 mg-100 g vs. 90 mg-100 g™'. A difference was indicated with respect to the ability of DPPH radical

reduction to diphenylpicrylhydrazine by extracts made of examined fruits.
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INTRODUCTION

Wild strawberry is commonly cultivated in house and
allotment gardens. Despite the ease of using agricultural
technology and the possibility to reach high yields, large-
scale wild strawberry plantations cannot be found anywhere
in the world. The excellent scent and unforgettable taste of
the species fruits determine their high dessert, dietetic, and
medicinal values [1, 2].

Theimportantrole ofa dietin either promoting or preventing
diseases has long been recognized. Global epidemiological
studies confirm an inverse relationship between the
consumption of fruit and the incidence of cardiovascular,
degenerative, and proliferative diseases [3, 4, 5], and there
is convincing evidence that the considerable health benefits
of fruits are due to their specific chemical compositions,
particularly to compounds of nutritional relevance. Edible
berries have been part of the human diet for centuries.
Strawberry (Fragaria x ananassa Duch.) is one of the most
commonly consumed berries. Together with other soft
fruits, it is an important dietary source of fibre and bioactive
compounds, both micronutrients and phytochemicals. In
particular, strawberries are rich in vitamin C and are among
the richest natural food sources of folate [5, 6].

Fragaria vesca (wild strawberry), belongs to the Rosaceae
family. Besides the leaves (Fragariae folium) and roots
(Fragariae radix), the aromatic fruits (Fragariae fructus) of
wild strawberry are also herbal materials used in medicine
[7]. Plants contain flavonoids, tannins, volatile oils, methyl
salicylate, and borneol [8]. The fruits contain salicylic acid and
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are beneficial in the treatment of liver and kidney complaints,
as well as in the treatment of rheumatism and gout [9, 10].
The berries, leaves, and roots of Fragaria vesca have all been
medicinally used in the past. The root was once a popular
household remedy for diarrhea and the stalks for wounds.
Antioxidant properties have recently been discovered in the
fruit, making them a valuable preventive for cancer. The
leaves are gently astringent. Tea can be brewed with the leaves
for diarrhea, digestive upsets, and to stimulate the appetite.
Fruits of cultivated wild strawberry are appreciated both as
fresh and as processed foods [11].

The aroma of wild strawberries is very pleasant and more
herbaceous than that of cultivated varieties, and wild-type
berries could therefore be a more desirable raw material
for the food industry. However, the low productivity and
varying annual yields of wild strawberries have restricted
their cultivation [12].

In recent years, both wild and cultivated berries have
become very attractive for consumers because of potentially
beneficial phytochemicals contained in these fruits. Fruit
nutritional quality can be described by standard quality
parameters (sugars and organic acids), and analysis of
the antioxidant capacity influenced by specific related
compounds. The importance of flavonoids and other
phenolics have been suggested to play a preventive role in
the development of cancer and heart disease.

Taking this into account, the presented study was
undertaken to analyze wild strawberry fruits (Fragaria
vesca L.) in view of secondary metabolites contents depending
on raw material origin (from natural habitats vs. cultivation).

The variability in the content of phenolic compounds, as
well as the correlations between total phenolic content and
antioxidant capacity, can point to genetic differences among
wild species and cultivated varieties of Fragaria vesca. It may
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provide a better understanding on the wild species’ role as an
important native genetic source for breeding new cultivars with
high levels of phenolic compounds, contributing to both better
sensory attributes and their antioxidant capacity [13].

MATERIALS AND METHOD

The studied material consisted of fruits from naturally
growing wild strawberry (Fragaria vesca L.) and its cultivated
form (Fragaria vesca cv. ‘Rugia’). The study comprised a three-
year cycle (2007-2009) of field research, field experiments,
and laboratory trials.

Field research. Refers to the selection of natural stands
of wild strawberry. The studied area consisted of a Polish
region that is important due to a great abundance of natural
stands of Fragaria vesca L., in Nawojowa village located in
Nawojowa Forest Inspectorate near Nowy Sacz in southern
Poland (49° 37’ N, 20° 43’ E). The Fragaria vesca L. population
covered about 40 m*area and was characterized by a strong
growth and large number. Six plots of 1.5 m?* each were
randomly defined within the stand. The study was carried
out in three replicates. The analyses revealed that soil of
that stand contained: 14.7 mg N-dm?, 118.0 mg P-dm™;
137.9 mg K:dm?; and 296.1 mg Ca-dm?, while its pH was
5.6. Salinity reached 0.6g NaCl-dm™.

Field experiment. Conducted in 2006-2009 at the Felin
Experimental Station of the University of Life Sciences in
Lublin, south-eastern Poland (51° 23’ N, 22° 56" E). Seeds of
the cultivated form (Fragaria vesca cv. ‘Rugia’) were sown
manually on 5 March 2006 into boxes filled with a substrate
(peat substrate), and covered with a thin layer of sandw. After
emergence and forming 2-3 true leaves, the seedlings were
transferred into boxes at 5 x 3.5 cm spacing. Plants were set
into their permanent place on 20 June 2006 in a row system
at 40 x 25 cm spacing on dusty soil characterized by a good
abundance of nutrients and neutral reaction. Soil under wild
strawberry cultivation was prepared according to commonly
accepted procedures, applying manure (40 kg-ha) for the
forecrop (onion). Phosphorus, potassium, and magnesium
fertilizers were used before seedling planting at the amounts:
80kgha - P O,;100 kg-ha - KP,O. Starter rate (N - 30 kg-ha)
was applied when the seedlings were taking root. The wild
strawberry plantation was regularly de-weeded manually.

The first harvest occurred in the second growing year.
The fruit harvest was carried out at the full fruiting stage in
2007-2009. Fruits were harvested once in the early morning,
in June, every year.

Weather conditions during growth and studies on Fragaria
vesca are presented in Table 1.

Laboratory analyses. Raw material was subject to
determinations of dry matter (%) by means of the drier
method [14], flavonoids (mgxg") [15], sum of phenolic acids
(mgxg") [16], tannins (%) [15], anthocyanins (mg-100g™) [17],
as well as antioxidant capacity (%) as an ability to neutralize
the DPPH radicals [18]. Biochemical analysis was performed
in the Laboratory for Vegetable and Herbal Material Quality
at The Department of Vegetable and Medicinal Plants,
University of Life Sciences in Lublin.

Table 1. Mean monthly air temperatures, amount and total hours of
precipitation at ES Felin and in Nawojowa village in the years 2007-2009

ES Felin Nawojowa village
Month 007 2008 2000 1';"::_”2?(; o 2007 2008 2009 1';";;"?;;(; o
Temperature °C

\% 8.8 8.7 9.3 7.5 95 106 117 10.3

\ 149 150 128 13.0 16.3 139 144 145

Vi 18.1 18.1 17.7 16.5 19.0 187 182 17.5

Vil 19.1 19.2 183 17.9 200 187 19.6 19.5
Amount of precipitation mm

\" 174 174 55.8 40.6 16.0 13.9 0.2 249

\ 80.5 815 101.6 583 60.4 389 570 90.0

Vi 878 878 259 65.8 95.9 252 603 107.8

Vil 87.0 87.0 77.1 78.0 558 168.8 102.1 98.0
Total hours in sunshine hrs.

v 2388 139.6 2915 156.6 213.7 153.0 276.2 186.1

V 2686 183.0 2746 280.9 2459 153.0 2327 194.9

Vi 2722 316.6 2003 228.7 2233 2298 256.7 220.1

Vil 236.7 2423 2796 158.0 2394 210.1 197.2 219.3

Dry matter. Aliquots of about 1 g (0.0001 g accuracy) of raw
and ground fruits were weighed. Samples were placed in a
drier and dried at 105°C for 6 hours. The drying process
was repeated till the constant weight of samples (difference
between two subsequent weighings should not be greater
than 0.5 g). The difference of weights before and after drying
was the water loss; the result was then recalculated onto the
percentage of dry matter. Determinations were made in
three replicates.

Total flavonoids estimation. Studied material was
investigated for total content of flavonoids, using modified
Christ and Miiller method, calculated for quercetin QE [15].

Absorbance was measured at 425 nm on a Shimadzu
spectrophotometer. The content of flavonoids was calculated
from the equation:

x=875%XA yherem (g) was the amount of fresh material.
m

Total phenolic acids estimation. Carried out according to
the Arnov method [16]. One millilitre of sample was mixed
with 5 ml of distilled water, 1 ml 0.5 M HCl, 1 ml of Arnov
reagent and 1 ml 1M NaOH, and subsequently adjusted to
10 ml with distilled water.

The absorbance was measured at 490 nm. The total phenolic
acid content was expressed as caffeic acid equivalent (CAE).

Tannin estimation. The amount of tannins was determined
using the Pharmacopoeia procedure [15]. The content of
tannins was expressed as fresh weight percentage.

Determination of Total Phenolics (TPH). The Folin-
Ciocalteu method [19] was used to determine total
soluble phenolics (TPH). Extracts were diluted 1:500 or
1:1,000 before incubation at 40 °C. Absorption was measured
at 755 nm. TPH was expressed as mg of gallic acid/100 g of
fresh fruit.
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Anthocyanins estimation by means of colorimetry.
Samples of raw material (1.0 g) were extracted with 50 ml
HCI (1mol-dm?) and heated in a water bath for 1 hour. The
obtained extract was hydrolyzed with 20 ml n-buthanol,
after which two 10 ml n-buthanol portions were added as a
solution. Anthocyanin extracts were rinsed in a 50 ml flask
with n-buthanol. Absorbance was measured immediately
at 533 nm [17].

The percentage of anthocyanins, as delphynidyn chloride,
was calculated from the expression:

_AxXVxF
m

P

where:

P - total anthocyanins (mg-100g”)

A - absorbance at 533 nm

V - value of buthanol phase (50 ml)

F - coeflicient for delphinidyn chloride (2,6)
M - mass of sample to be examined (mg).

Determination of antioxidant capacity. Antioxidant capac-
ity was determined by DPPHAntioxidant capacity (%),
evaluated based on the ability to neutralize the DPPH radicals
by means of spectrophotometry according to Chen and Ho
[18]: to do this, water extracts were prepared from fruits,
extracts were then evaporated untill dry and lyophilized.
Analyses were performed for 20 ugxml' concentration.
The absorbance measurements were made at A = 517 nm
wavelength using spectrophotometer (HITACI U-2900).

Statistical analysis. Results obtained from laboratory
experiments were statistically processed by means of the
variance analysis method and Tukey’s confidence intervals
at 5% confidence level.

RESULTS AND DISCUSSION

The fruit of wild strawberries is often small, sparse and
seedy, while cultivated strawberries are larger, sweeter and of
better quality. Wild strawberries ripen in midsummer, while
many cultivated forms of wild strawberries have been bred
to mature later in the season. Cultivated wild strawberries
may be bred for a longer storage life, but wild strawberries
are very perishable [2, 20].

The presented results are the continuation of earlier research
on the chemical diversity of wild strawberry (Fragaria
vesca L.) [21]. A remarkable difference exists between the
fruit of the diploid wild species and the modern, cultivated
species, not only in terms of fruit size and yield, but also in
flavour and aroma profile [20, 22, 23, 24, 25, 26]

There were differences in the ratio of dry weight to fresh
weight between the two forms, ranging from 28.47% -
34.53%, with an average of 31.50% for all forms (Tab. 2). An
almost three-times higher mean dry matter content in wild
strawberry fruits was recorded, compared to average dry
matter quantity determined for strawberry fruits, [27, 28].
Changes of dry matter contents over particular years of the
study are presented in Figure 1.

Tannins are somehow an important fraction of phenolic
compounds, the content of which in the studied material
oscillated between 2.20% (cultivated plants) - 3.00%
(fruits from natural habitats). The graphical variability of

Table 2. Content of dry matter and tannins in fruits of studied wild
strawberry forms (mean values from years 2007-2009)

Dry matter Tannins
Raw form
%
Fragaria vesca L. 28.47a 3.00a
Fragaria vesca ‘Rugia’ 34.53b 2.20b
Mean 31.50 2.60
LSD 4.194 0.631

0.05

* followed by the same letter are not significantly different at a=0.05
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Figure 1. Average content of dry matter in fresh fruits of studied wild strawberry
forms in successive years of study
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Figure 2. Average content of tannins in fresh fruits of studied wild strawberry
forms in successive years of study

tannins quantities in particular years of study is presented
in Figure 2.

Fruits of Fragaria species plants are an important source
of phytochemicals; in particular, the phenolic composition
seems to strongly influence the quality of the fruits,
contributing to both their sensory-organoleptic attributes
and their nutritional value [5].

Table 3 lists the results related to the contents of selected
secondary metabolites, as well as antioxidant capacity of
studied material.
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Table 3. Content of selected secondary metabolites in fresh fruits of two
wild strawberry forms, as well as antioxidant activity expressed as the
ability to neutralize the DPPH radical in water extracts made of studied
materials (mean values from years 2007-2009)

. Phenolic Antho- Antioxidant
Flavonoids . X -
Raw form ma- o acids cyanins activity
9-9 mg-g’ mg - 100g™ %
Fragaria vesca L. 0.55%a 2.348a 132a 13.07a
Fragaria vesca ‘Rugia’ 0.472b 1.648b 90b 12.80b
Mean 0.516 1.998 111 12.94
LSD 0.0271 0.3107 237 0.201

0.05

*followed by the same letter are not significantly different at p=0.05

On basis of the results obtained, it was found that raw
material originating from natural habitats contained
significantly more flavonoids (0.559 mg-g*), compared to fruits
harvested from cultivation (0.472 mg-g*, on average). Mean
concentration of phenolic acids ranged from 1.648 mg-g* -
2.348 mg-g*, although the wild form was characterized by
higher levels of examined substances.

Anthocyanins are quantitatively the most important
type of polyphenols in strawberry. The major anthocyanin
representative compounds have already been identified
[pelargonidin- (Pg) and cyanidin- (Cy) glycosides or acylated
forms] [Tulipani et al. 2008], and the presence of the main
derivatives seems to be constant in all varieties (i.e., Pg-3-
gluc and in smaller proportion Cy-3-gluc). Nevertheless,
new anthocyanin-related pigments (also called condensed
pigments) are still being detected in small amounts
[3, 29, 30], and qualitative and quantitative variations on the
anthocyanin profile have been observed among strawberry
cultivars [32], as well as within the same variety, depending
on the genetic background, the degree of ripeness, post-
harvest storage of the fruits, and climatic factors.

When comparing the average contents of anthocyanins
in studied materials, it was revealed that remarkably more
of these compounds were recorded in wild strawberry fruits
harvested from natural habitats vs. those from cultivations:
132 mg-100g™ vs. 90 mg-100g".

There are data on anthocyanins contained in strawberry
fruits in many publications [3, 32, 33, 34]. The presented
study revealed that the mean content of anthocyanins in
wild strawberry fruits was higher compared to cultivated
strawberry fruits, which was at the level of 111 mg-100g.
Changes of the secondary metabolites contents in the fruits
of both wild strawberry forms are presented on Figures 3-5.
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Figure 3. Average content of flavonoids as quercetin in fresh fruits of studied wild
strawberry forms in successive years of study
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Figure 4. Average content of phenolic acids as caffeic acid in fresh fruits of studied
wild strawberry forms in successive years of study
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Figure 5. Average content of anthocyanins in fresh fruits of studied wild strawberry
forms in successive years of study

Effects similar to those observed for flavonoids, phenolic
compounds, and anthocyanins are also revealed by
antioxidant activity measurements. Results of the DPPH assay
are shown in Table 2 and Figure 6. Statistically significant
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Figure 6. Antioxidant activity expressed as ability to neutralize DPPH radical in
water extracts made in fresh fruits of studied wild strawberry forms in successive
years of study
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differences were confirmed in the ability to neutralize the
free radical by water extracts made of the studied material.

CONCLUSIONS

Many authors have described the large diversity of secondary
metabolites produced by plants, and the differences observed
between wild and cultivated species. The results of the
presented study confirm that thesis.

A significant positive relation observed in this study

between total phenolics and total antioxidant capacity
indicate the need for the use of wild species, especially in
the Fragaria sp. breeding programmes, in order to increase
their nutritional value and health benefits.
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