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A b -I- Strawberry fruits contain phenolic compounds that exhibit antioxidant, anficancer, antitherosclerofic,

S rO C antiinflammatory and anfi-neurodegenerative properties. This study was aimed to evaluate and
characterize the phenolic composition and antioxidant activities of wild and cultivated strawberries native to Serbia. Three solvent
systems were used for phenolic extraction (methanol, ethanol, and acetone) at the same concentrations (70 percent) and with 100
percent deionized water in presence 0.1 percent HCI. The efficiency of the solvents used to extract phenols from the 4 dried
strawberry samples varied considerably. The polyphenol content of the dried strawberry samples was 9.54 to 20.38 mg gallic acid
equivalent/g dried fruit. Photodiode-array detection (DAD) has been used for screening of the different classes of phenolic
compounds. The total phenolics and antioxidant activities in extracts of a wild strawberry were higher than those cultivated samples.

INTRODUCTION

Berries such as strawberres are widely appreciated for its
characteristic aroma, bright red colour, juicy texture and
sweetness. They are used as processed food materials for
juice, jam, dried fruits, ice cream, etc., and therefore are
quite prevalent in our lives. Berries contain many phenolic
substances, and attention is being paid to health
promoting foods that have phenolic bioactivities (1).
Strawberries are a very rich source of polyphenols in the
human diet containing polyphenols from all classes. The
variety and high content makes strawberries a very
interesting sample for studies of polyphenols (2-4).

The critical point in studying polyphenols in fruit materials is
the extraction procedure used since it dictates the nature
and quantity of polyphenols that will be transferred to the
extract and futher characterized. Their polarity makes them
soluble in several types of polar solvents, such as methanol,
ethanol, acetone, and water. Solvent extraction of
polyphenolics is the initial step prior to quantification,
purification, separation, and characterisation and generally
involved the use of an acidified extragent.

The main objective of this study were fo determine the
polyphenolic content and antioxidant capacity of wild
and cultivated strawberries from two different
geographical regions and to examine the efficiency of
different solvent systems for the extraction of polyphenols.
The phenolic compounds were extracted from the fruits by
using three conventional solvents, namely methanol,
ethanol and acetfone.

MATERIAL AND METHODS

Chemicals

Standards of catechin, quercetin, kaemferol, and phenolic
acid standards, such as gallic, p-coumaric, and ellagic acids,
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Cyaniding 3-glucoside and pelargonidin 3-glucoside were
purchased from Extrasynthese (Ganay, France). DPPH were
purchased from Sigma-Aldrich (Steinheim, Germany). Trolox
and Folin-Ciocalteu's phenol reagent were obtained from
Merck (Darmstadt, Germany). Other chemicals and solvent
were of analytfical grade.

Fruit samples

Strawberry cultivar “*Roxana” from two different geographical
regions: Velika Plana (sample 1) and Viadicin Han (sample 2)
and wield strawberry from two different geographical regions:
Jastrebac (sample 3) and Viasina (sample 4) were analyzed.
The strawberries were harvested at commercial ripeness. The
strawberries were harvested on May 2009, 500g was randomly
sampled and samples were taken from 20 bushes and dried
at room temperature until content weight.

Firstly, strawberry samples (10g) in blender were homogenous,
and samples (each weighted 3.00 g) extracted with the
methanol-water system, ethanol-water system, and acetone-
water system (80 percent methanol, ethanol, or acetone)
containing 0.1 percent HCI volumes (20, 10 and 10 ml,
respectively) 3 times in the further course. The samples were
mixed in an ultrasound bath during the extraction procedure.
Such obtained extracts were filtered using the Bucher funnel

and Watman No.1 filter paper. The solid residues were rinsed
for several times in order to gain transparent extracts. Finally,
the obtained strawberry extracts were collected in a
graduated flask of the same volume of 50 ml.

Determination of the total phenolic compounds
Folin-Ciocalteu reagent was used to determined the total
phenolic compounds (TP) (5). A volume of 1 mL of dried
strawberry extract, diluted 5-6 times with some solvent

(fo obtain absorbance within the range of the prepared
calibration curve), was mixed with 0.5 mL of Folin-Ciocalteu
reagent previous diluted with distilled water (1:2). A volume
of 2 mL of 20 percent sodium carbonate solution was
added to the mixture, shaken thoroughly and diluted to 10
mL by adding the distilled water. The mixfure was to stand
for 120 min and the blue colour formed was measured at
760 nm with a spectrophotometer (UV/Vis spectrometer
agilent 8454; agilent, Santa Clara, CA, USA). Gallic acid
(GA) was used as a standard for the calibration curve. The
concentrations of gallic acid in the solution from which

the curve was prepared were 0,50, 100, 150, 250, and 500
mg/L (R?=0,996). The content of TP was expressed as mg

of gallic acid equivalent (GAE)/g of dried fruit (d.f.). All
measurements were carried out in 3 repetitions.

Determination of the total flavonoid content

The total flavonoids (TF) assay was performed as

previously described by Yang et al. (2004) (6) with minor
modificatfions. A volume of 1 mL of diluted extracts or
standard solution of gallic acid (50-500 mg/L) was placed
in a 10-mL volumetric flask, then 4 mL of deionized water,
after 5 min 0.3 ml of NaNO, (5 percent) and 1.5 mL of AICI,
(2 percent) were added. The mixture was shaken and 5 min
later 2 ml of 1M solution of NaOH were added, again well
shaken. The absorbance was measured at 510 nm against
the blank. The results were calculated according to the
calibration curve for gallic acid (R?=0,998). The content of

TF was expressed as mg of catechin equivalent (GAE)/g d.f.

All samples were analyzed in triplicate.

Measurements of DPPH* scavenging activity

The free radical scavenging capacity of dried strawberry
extracts was determined according to the previously
reported procedure using the stable (DPPH) radicals (7).
The method was based on the reduction of stable DPPH
nifrogen radicals in the presence of antioxidants. An
aliguot of vineyard peach extracts or methanol solution of
Trolox (10-30 mM) was mixed with 2.5 mL of 0.1 mM DPPH
methanolic solution. The mixture was thoroughly vortexed,
kept in the dark for 30 min, and after that the absorbance
was measured at 515 nm against a blank of methanol
without DPPH. The results were calculated according to the
calibration curve for Trolox (R2=0.994). DPPH values, derived
from friplicate analysis, were expressed as mmol of TE/g d.f.

HPLC-DAD determination of phenolics composition

The individual phenolics were analyzed by the direct
injection of the exfracts (previously filtered through a

0.45 pm pore size membrane filter) intfo a Agilent 1200
chromatographic system equipped with a quaternary
pump, and Agilent 1200 DAD with radiofrequency
identification tracking technology for flow cells, a UV

lamp, an 8 uL flow cell, and automatic injector and
ChemStation softwere. The columm temperature was 30°C.

After injecting 5 pL of sample extract, the separation was
performed in the Agilent/eclipse XDBC-18 4.6x150 mm
column. Two solvents were used for the gradient elution:
A-(H,0+5 percent HCOOH) and B-(80 percent ACN+5
percentHCOOH+H,0). The elution program used was as
follows: from 0 to 10 min 0 percent B, from 10 to 28 min
gradually increases 0-25 percent B, from 28 to 30 min 25
percent B, from 30 to 35 min gradually increases 25-50
percent B, from 35 to 40 min gradually increases 50-80
percent B, and finally for the last 5 min gradually decreases
80-0 percent B. The detection wavelengths were 320, 360
and 520 nm. The identification and quantitation of the
various phenolic compounds were performed by means
of calibration curves obtained with standard solutions of
cyanidin 3-glucoside, pelargonidin 3-glucoside, quercetin,
kaemferol, and p-coumaric acid. The results are expressed
as mg/100 g of d.f.

Statistical analysis

The data were reported as meantstandard deviation
(SD) with triplicate determinations. The significance of
inter-group differences was determined by the analysis of
variance (ANOVA). The p value of p<0.05 was considered
staftistically significant.

RESULTS

Strawberry fruits contain compounds that exhibit
antioxidant, anticancer, antiatherosclerotic,
antiinflammatory and anti-neurodegenerative properties.
The total phenolics, flavonoids, and the antioxidant
capacity determined by spectrophotometry in each dried
strawberry sample grown in the Serbia presented in Table 1.
The content of total phenolics in strawberry extracts was
determined spectrophotometrically using Folin-Ciocalteau
reagent and calculated as Galic Acig Equivalent (GAE).
The highest quantity of total phenolics was achieved in
acetone extracts (14.93 - 20.38 mg GAE/g d.f.) and the
lowest in methanol extracts (.59 - 15.02 mg GAE/g d.f.). In
our study we observed that the solvent used in the
extraction of stfrawberry samples had a significant effect
(p<0.05) on the total phenols content of the extracts. Some
differences were found between wild strawberries grown in
different location in Serbia (Vlasina and Jastrebac), also,
and between cv. “Roxana” grown in different location
(Velika Plana, Vladicin Han). All of these differences were
staftistically significant.

The total flavonoid content of dried strawberries was also
determined. The amounts of total flavonoid content in
different solvent extracts of strawberries is shown in Table 1.
The results revealed that extractability of flavonoids was also
affected by the solvent used. The acetone was the best
solvent for exfracting flavonoid compounds (mean 10.52 mg
CE/g d.f.). The methanol and ethanol were not good solvent
for extraction of flavonoids from strawberries. The flavonoids
were found in high concentrations ranging from 52.8 to 65.2
percent of total phenolic content in samples.

The radical scavenging activity of dried strawberries was
measured using the DPPH radical assay. The method was
based on the reaction of stable DPPH nitrogen radicals in
the presence of anfioxidants. The total antioxidant activity
of the dried strawberry extracts tested varied. The
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TP (mg GAE/g df.) Sample 1 Sample 2 Sample 3 Sample 4
Velika Plana V.Han Jastrebac Viasina
Methanol 9.5910.30d,c 11.83+0.10c,c 13.64+0.10b,c 15.02+0.23a,c
Ethanol 11.53£0.15d,b 13.10£0.21cb 16.01+0.36b,b 18.02+0.15a,b
Acetone 14.9310.28d,a 17.01£0.28c,a 18.83+0.15b,a 20.38+0.32a,a
TF (mg CE/g df.) Sample 1 Sample 2 Sample 3 Sample 4
Methanol 3.39:0.18¢,c 4.91:0.13b,c 7.05:0.17ab 6.93:0.18a,c
Ethanol 4.95£0.10d,b 5.89:0.12c.b 6.98+0.06b,b 8.05:0.22a,b
Acetone 7.97+0.18d,a 8.99:0.29c,a 11.85+0.26b,a 13.28+0.38a,a
TAC (umol TE/g d.f.) Sample 1 Sample 2 Sample 3 Sample 4
Methanol 52.69+1.69c,c 66.37£0.96b,a 77.92+2.89ac 82.85+2.03a,c
Ethanol 63.341+1.34d,b 74.50+0.74cb 86.45+4.32b,b 95.03+1.52a,b
Acetone 89.35¢2.09b,a 93.22+1.7%,a 109.90¢1.21a,a 116.13+1.82a,a

Table 1. Total phenolics (TP), fotal flavonoids (TF) and total
antioxidant capacity (TAC) of strawberry extracts obrained from
different solvent extraction systems. The data are reported as
meantstandard deviation (n=3). "Mean in a column followed by
different letters are significantly different using analysis of variance
at the level 0f<0.05. 2Different letters a significant difference
between samples in some solvent extraction system.

strawberry extracts showed higher antioxidant activity,
102.15 um TE/g d.f. for acetonic, 79.83 um TE/g d.f. for
ethanolic and 69.96 um TE/g d.f. for methanolic extracts.
Changing the extraction solvent aqueous methanol,
aqueous ethanol and aqueous acetone altered the
phenolic composition of the samples. The data in Table 2
and 3 show that acetone was the best solvent for
extracting flavonol compound, followed by methanol and
ethanol. The highest anthocyanin content were observed in
extracts with methanol, while the lowest levels were found
in extracts with acetone.

Various solvent systems have been used for the extraction
of polyphenols from plant materials (8). Extraction yield is
dependent on the solvent and the method of extraction.
Furthermore, solvent polarity will play a key role in
increasing phenolic solubility. Water and aqueous mixtures
of ethanol, methanol and acetone are commonly used in
plant extraction (9). Alothman et al. (2009) (10) reported
that aqueous acetone was superior in compare to
methanol and ethanol for extracting flavonoids in tropical
fruits. Kajdzanoska et al. 2011 (2) reported that pure
acetone is an efficient extraction solvent for anthocyanins
and flavonols in strawberries, but for hydroxycinnamic acid
derivatives, the acetone/water/acetic acid mixture was
found as the most efficient. On the other hand, methanol-
water mixtures are good solvent system for the extraction of
anthocyanins from red grapes (11, 12).

The HPLC chromatogram of methanolic extract of
strawberry recorded at 520 nm are present in Figure 1. The
amounts of anthocyanins in strawberry extracts are shown
in Table 2. Anthocyanins were found in the highest
concentrations in strawberries grown in Serbia (150.86 —
207.75 mg/100g d.f.). Wild strawberry-Vlasina (sample 1)
had the highest total anthocyanin content, followed wild
strawberry Jastrebac (sample 3), cv. “Roxana” strawberries
(sample 1 and 2).

Studies have shown that numerous factors such as harvest
season, variety, stage of harvesting, climatic conditions and
growing season can affect the composition and
concentration of individual as well as fotal anthocyanins
(13, 14). Pelargonidin derivatives predominanted in
strawberry (pelargonidin 3-glucoside, 69.16-98.35 mg/100g

d.f.; pelargonidin 3-rutinoside, 30.18-53.42 mg/100g d.f.).
These anthocyanins represented together >65 percent of
total anthocyanin content. Jakobek et al. (2007) (15)
showed that the pelargonidin derivatives represented
together >96 percent of total anthocyanin amount and 4
percent cyaniding 3-glucoside, which contrary with our
results (35 percent).

The HPLC chromatogram of dried strawberry extract,
recorded at 360 nm with a diode array detector, is shown
in Figure 2. These compound were identified by
comparison of their retention times and UV-Visible spectra
with those of standards.
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Figure 1. HPLC chromatogram recorded at 520 nm a diode array
detector, of anthocyanins. Peaks 1, 2, 3 are identified in Table 2.

Sample Solvent Quercefin Kaemferol Total
extract system (peak1) (peak2) flavonols
1 Methanol 8.12:0.22 2.06£0.09 10.18:0.11
Velika Ethanal 4854018 T.09:0.08 5941013
Plana Acetone 1213043 31501 15.28:0.27
2 Methanol 26.2340.62 0.78£0.05 21.01:0.33
V. Efhanal 26.35:0.38 0.45:0.03 0800200
Han | Aeefone | 3ZORO4T [ TRROOT | A0
3 Methanol 12.3540.38 1.15£0.09 135040.23
Jastrebac Ethanol 11.28:0.22 0.98:0.04 1226:0.13
Acetone 18524015 295:0.17 2147013
4 Methanol 18.3240.48 2.23:0.12 20.5540.30
Viasina Ethanol 17.39:0.35 205:015 19.44:0.25
Acetone 2B7:0.22 350030 /19020
Table 3. Flavonol content (mg/100 g d.f.) of strawberry samples:
quercetin and kaempferol at 360 nm. Values are meantstandard
deviation (n=3).

Table 3 shows the levels of the flavonols determined in dried
strawberries samples. The concentration of the total flavonols
was the lowest in sample 1 with a mean content 10.46
mg/100g d.f. and highest in sample 2, with a mean content
29.41 mg/100g d.f. in this study, quercetin was the main
flavonol (>79.9 percent of total flavonol amount), followed by
kaemferol. Quercetin content ranged from 4.85 to 32.92
mg/100g d.f. Myrecetin was no detected in all samples. The
different results may be explained by differences in growing
condifions. Also, the different exiraction conditions influenced
the results.

The HPLC chromatogram of dried strawberry exfract,
recorded af 320 nm with a diode array detector, is shown in
Figure 3. Content of phenolic acids is given in Table 4.

Sample Solvent Cy-3- P idin-3 Pelargonidin-3 Total
extract system ! id i inoeid anthocyanins
(peak 1) (peak 2) (peak 3)

1 Methanol 40.05+1.12 79.08+2.10 43424117 162.55+1.46
Velika Ethanol 29.3840.85 74.32+1.38 39.98+0.93 143.68+1.05
Plana Acetone 12.79+0.09 24.18+0.62 13.49+0.32 50.4610.16

2 Methanol 51.52+0.98 69.16+1.02 30.18+0.28 150.86+0.76

V. Ethanol 39.6540.85 63.7210.92 28.75+0.35 132.12+0.71
Han Acetone 15.49+0.26 36.7810.47 23.3740.22 75.6410.32
3 Methanol 62.81£1.17 92.85+1.63 42.83+1.48 198.49+1.43
Jastrebac Ethanol 47.38+1.02 77.5241.22 32.92+0.82 157.8211.02
Acetone 13.27+0.83 31.18+1.00 15.56+0.38 60.01+0.74

4 Methanol 68.32£1.22 98.35£1.72 40.85£1.12 207.75£1.35
Viasina Ethanol 50.89+1.16 80.78+1.36 31.96+1.05 163.63+1.19
Acetone 21.38+0.98 42.38+2.05 20.02+0.83 83.78+1.29

Table 2. Anthocyanin contents (mg/100 g d.f.) of strawberry samples:
cyanidin-3-sophoroside and cyanidin-3-glucosyl-rutinoside at 520 nm.
The level of pelargonidin-3-rutinoside is expressed as pelargonidin-3-
glucoside equivalent. Values are meantstandard deviation (n=3).
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Figure 2. HPLC chromatogram recorded at 360 nm a diode
array detector, of flavanols. Peaks 1, 2 are identified in Table 3.
Ellagic acid is identified and quantified at 370 nm.
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Figure 3. HPLC chromatogram recorded at 320 nm a diode array
detector, of hydroxycinnamic acids. Peak 1 is identified in Table 4.

In strawberry, the concentration of phenolic acids was higher
than concentration of flavonoids. The main phenolic acid
found in strawberry was ellagic acid (mean 31.58 mg/100g d.f
in methanol extracts), followed by p-coumaric acid (mean
20.26 mg/100g d.f.).

DISCUSSION

Previous studies indicated a similar trend whereby the most
typical polyphenolics were significantly extracted info the

Sample Solvent ellagic acid p-coumaric acid Total
extract system (peack 1) acids
1 Methanol 32832092 29.72:0.95 6255003
Velika Plana Ethanol 31.15:086 29.32:0.83 6047084
Acsione 29281072 27381038 56.6640.55
2 Methanol 28.19:032 1232:0.22 405120.27
V. Ethanol 271.28:0.54 11.52:0.19 38.80£0.36
Hen Hcelons 26424028 11.28:0.29 37.70£0.28
3 Methanol 30.18:052 17.85:0.12 48.03:0.32
Jastrebac Ethanol 28.92:048 1632:0.17 45.241032
Acetons 27111022 15.89:0.09 43.00£0.15
7 Methanol 35.12:0.64 22.58:0.32 57.70£0.48
Viasina Ethanol 34.02:0.38 20.72:0.18 54.7410.28
Acetone 30.920.87 18.98£0.26 49.900.56
Table 4. Phenolic acid contents (mg/100 g d.f.) of strawberry
samples: ellagic acid at 370 nm and p-coumaric acid at 320 nm.
Values are meantstandard deviation (n=3).

polar solvents (16). Also, the present study revealed that the
wild strawberries to Serbia contained higher total phenolics
(mean 19.60 mg GAE/g d.f.) compared to cv. “Roxana”
(mean 17.97 mg GAE/g d.f). Generrally, strawberry fruits
grown in the Serbia are a rich source of poliphenols.
Kahkdnen et al. (2001) (17) found similar content of fotal
phenolics in strawberries (16.0 — 24.1 mg GAE/g d.f. using 70
percent acetone as extraction solvent).

Flavonoids are a group of polyphenolic compounds naturally
present in most edible fruit and vegetable plants. They
constitute most of the yellow, red and blue colours in the fruit
(18). Flavonoids from the fruit and vegetables are currently
widely studied as components that have the potential to
provide multiple health benefits.

Methanol-water with 0.1 percent HCI mixture has been used
for extraction systematical study at anthocyanins in fruits and
berries (2, 3). Also, the highest phenolic acid content were
observed in extracts with methanol. The results are in
accordance with those reported by Beevi et al. (2010) (16).
The results of this study of flavonols agree will with the literature
(3. 19). Among with flavonols quercetin and kaemferol, some
authors reported low level of myricetin (20, 21).

According to previous study, the main representative of
phenolic acids in strawberry was ellagic acid or its derivatives,
followed by p-coumaric acid with is consistent with the resulfs
in this study (15, 19). Some authors reported that the
p-coumaric acid was the dominant phenolic acid in
strawberries, with ellagic acid being second (20).

CONCLUSIONS

As a continuation of our study on strawberry extracts were
prepared using different organic solvents. As observed,
extracts with higher antioxidant activity also had higher
polyphenolic content. Acetone showed slightly better
characteristics than ethanol and methanol as a solvent for
total phenolic compounds, total flavonoids and flavonols. The
highest anthocyanin and phenolic acid content were
observed in extract with methanol. Our results can
confributed to the selection of the most efficient extraction
solvents to be use when analysis of total extractable
polyphenols or specific groups of polyphenols are to be




made. Also, the present study revealed that the wild
strawberries contained higher total phenolics and antioxidant
activities compare to cv. “Roxana”.
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