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Abstract 

In this paper, antioxidant activity of strawberries extracted with different solvents was investigated since they are 

consumed by people due to their anticancer, anti-atherosclerotic, anti-inflammatory and anti-neurodegenerative 

properties. For this purpose, different acidified extraction solvents such as water (ES1), acetone (ES2), acetonitrile 

(ES3), methanol (ES4) and ethanol (ES5) were used in extraction process of strawberries. The effects of different 

extraction solvents on the antioxidant activity were evaluated by measuring the reducing power, 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging activity, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 

scavenging activity, total flavonoid content (TFC) and total phenolic content (TPC). Experimental results indicated that 

the obtained data varied with different extraction solvents. All antioxidant activity assay results showed that the highest 

results were obtained with acetone extracts. 
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Çilek Meyvesinin Antioksidan Özellikleri Üzerine Bazı Ekstraksiyon 

Solventlerinin Etkileri 
 

Öz 

Bu makalede, antikanser, anti-aterosklerotik, anti-enflamatuar ve anti-nörodejeneratif özelliklerinden dolayı 

insanlar tarafından tüketilen çileklerin farklı ekstraksiyon çözücülerindeki antioksidan aktiviteleri araştırılmıştır. Bu 

amaç için, çileklerin ekstraksiyon işleminde su (ES1), aseton (ES2), asetonitril (ES3), metanol (ES4) ve etanol (ES5) 

gibi farklı asitlendirilmiş ekstraksiyon çözücüleri kullanılmıştır. Antioksidan aktiviteye farklı ekstraksiyon 

çözücülerinin etkileri indirme gücü, 2,2'-azino-bis (3-etilbenzotiazolin-6-sülfonik asit (ABTS) radikal süpürme aktivite, 

1,1-difenil-2-pikrilhidrazil (DPPH) radikal süpürme aktivite, toplam flavonoid içerik (TFC) ve toplam fenolik içerik 

(TPC) analizleri kullanılarak değerlendirilmiştir. Deneysel sonuçlar elde edilen dataların farklı ekstraksiyon çözücüleri 

ile değiştiğini göstermiştir. Tüm antioksidan aktivite analiz sonuçları, en yüksek sonuçların asetonlu ekstraklardan elde 

edildiğini göstermiştir. 

 
Anahtar Kelimeler: Antioksidan aktivite, ekstraksiyon çözücüsü, çilek  

 

INTRODUCTION 

Consuming vegetables and fruits is important to 

lower the risk of a number of chronic diseases and is 

useful in preventing immune dysfunction (Bazzano, 

2005; WCRF/AICR, 2007). They also provide life 

sustaining nutrients containing a diversity of 

phytochemicals together with phenolic, flavonoids, 

minerals and vitamins (Peterson and Dwyer, 1998). 

Strawberry is a beneficial fruit in terms of its 

nutritional and health benefits (Ubeda, 2013). 

Strawberries contain potentially bioactive 

compounds and are rich in polyphenols including 

flavonoids and phenolic acids such as antiviral, anti-

inflammatory, antiallergic, anti-aging and anti-

carcinogenic properties ascribed to their antioxidant 

properties (Aaby et al., 2005; Seeram et al., 2006). 

Polyphenols have a prominence preventing oxidative 

processes caused by reactive oxygen species (ROS) 

(Aaby et al., 2005; Cerezo et al., 2010). Strawberry 

has highly antioxidant properties because of these 

compounds (Wolfe et al., 2008).  

The extraction procedure is important in the 

determination of polyphenols in fruits and how 

polyphenols can be transferred to the extracts (Mitic 
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et al., 2014). In addition, it is also essential in the 

determination of antioxidant activity in fruits (Santas 

et al., 2008). Solvent extraction of polyphenols 

usually involves the use of an acidified medium 

(Mitic et al., 2014). The yield and antioxidant 

activities of natural extracts such as fruits, plants, 

etc. change depending on different extraction 

solvents (Boulekbache-Makhlouf et al., 2013). 

Hayouni et al. (2007) emphasize the use of 

extraction solvents such as aqueous mixtures of 

methanol, ethanol and acetone. For instance, Wang 

and Helliwell (2001) reported that aqueous ethanol 

was a better extraction solvent than methanol and 

acetone in getting flavonoids from tea leaves. For 

this reason, the extraction yield can change from one 

extraction solvent to another, and so the ideal 

extraction method should be developed and 

optimized for particular phenolic classes 

(Boulekbache-Makhlouf et al., 2013). The solvent 

type, one of the most important parameters in the 

extraction procedure, needs to be investigated. 

The main objective of this study was to 

investigate the effect of extraction solvents in the 

determination of antioxidant activity of strawberries. 

For this purpose, these berries were extracted by 

using five acidified extraction solvents, namely 

water (ES1), acetone (ES2), acetonitrile (ES3), 

methanol (ES4) and ethanol (ES5) and these extracts 

were analyzed using UV-Vis spectrophotometry.  

 

MATERIAL AND METHOD 

Reagents and Standards  

Acetic acid, acetone, acetonitrile, ethanol, 

methanol, hydrochloric acid, aluminum chloride, 

folin-ciocalteu reagent, gallic acid, iron (III) chloride 

hexahydrate, potassium ferricyanide, potassium 

peroxodisulfate, quercetin, sodium carbonate, 

sodium hydroxide, sodium nitrite,  sodium hydrogen 

phosphate, bisodium hydrogen phosphate, 

trichloroacetic acid (TCA), 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS), 1,1-

diphenyl-2-picrylhydrazyl (DPPH), (±)-6-hydroxy-

2,5,7,8-tetramethylchromane-2-carboxylic acid 

(trolox) were purchased from Merck and Sigma 

Aldrich. Both chemicals and solvents were of 

analytical grade. Ultra-pure water was provided by 

Millipore Direct Q. 

Stock standard solutions (1000 mg L-1) were 

prepared for antioxidant activity assays and these 

solutions were used to prepare standard solutions at 

different concentrations. Calibration graphs were 

established using standard solutions and by means of 

these graphs linear regression equations were 

calculated. A Shimadzu 1601 UV-Vis 

spectrophotometer (Tokyo, Japan) was used for all 

measurements. 

 

Sample Preparation Procedure 

Strawberries, grown in the Elazig city of 

Turkey where they contribute to the city economy, 

were purchased from different local markets in this 

city. After washing with tap water and ultra-pure 

water, they were put in plastic bags and preserved in 

darkness in a freezer until the time of analysis. 

Deep-frozen strawberries were thawed and a 

homogeneous mixture was prepared with a domestic 

blender. Three samples of about five grams (5 g) of 

strawberries were prepared and these samples were 

extracted at room temperature for 1 hour using 10 

mL of different extraction solvents (water, acetone, 

acetonitrile, methanol and ethanol) which were 

acidified with 0.1% HCl. Then each extract was 

centrifuged at 4000 rpm for 10 min, supernatants 

were carefully collected and filtered.  Antioxidant 

activity assays were applied to all the extracts. The 

measurements were carried out with a UV-Vis 

spectrophotometer. 

For the determination of antioxidant activity of 

strawberries different antioxidant activity assays 

were conducted using procedures shown in related 

literature. Reducing power assay applied by Oyaizu 

(1988), ABTS radical scavenging activity assay 

applied by Re et al. (1999), DPPH radical 

scavenging activity assay applied by Brand-

Williams et al. (1995), TFC applied by Zhishen et al. 

(1999) and TPC applied by Singleton and Rossi 

(1965) were modified and applied to different 

strawberry extracts in the current study. To perform 

the reducing power assay, the extracts (25 µL) were 

mixed with 0.2 M of phosphate buffer (pH 6.6) and 

1% potassium ferricyanide solution. These mixtures 

were incubated in a water bath (50°C, 20 min). After 

incubation, 10% TCA was added and centrifuged 

(6000 rpm, 10 min), then ultra-pure water and 0.1% 

iron (III) chloride were added to the supernatant. 

After 5 min incubation, the solutions’ absorbance 

was determined at 700 nm. To perform the ABTS 

radical scavenging capacity assay, ABTS•+ stock 

solution was added to the extracts (50 µL of 

twentyfold diluted extract) for a total of 2.5 mL, 

incubated 30 min at room temperature and the 

solutions’ absorbance was measured at 734 nm. As 
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for the DPPH radical scavenging capacity assay, to 

the sample volume (50 µL of fivefold diluted 

extract) DPPH solution was added to make a total 

volume of 2.5 mL and incubated at room 

temperature for 30 min. After the incubation step, 

the solutions’ absorbance was determined at 517 nm. 

For the TFC assay, 5% sodium nitrite solution, 10% 

aluminum chloride, 1M sodium hydroxide (500 µL) 

were added to the extracts and the mixtures’ 

absorbance was detected at 510 nm. As for the TPC 

assay, Folin-Ciocalteu reactant and 2% sodium 

carbonate solution were added to the extracts (50 µL 

of fivefold diluted extract). The mixtures’ 

absorbance was measured at 755 nm after incubation 

(25ºC, 30 min). The experimental results were 

calculated as mg Trolox equivalent (TEAC) 100 g-1 

strawberry for reducing power, ABTS radical 

scavenging activity, DPPH radical scavenging 

activity. The data were calculated as mg quercetin 

equivalent (QE) 100 g-1 strawberry for TFC and mg 

gallic acid equivalent (GAE) 100 g-1 strawberry for 

TPC. The experimental results were expressed in 

terms of fresh weight (FW). 

 

Statistical Analysis  
GraphPad Software (version 5.01 for Windows, 

GraphPad Software, USA) was used to evaluate the 

experimental data statistically. The significance 

between the groups was determined using the one-

way analysis of variance (ANOVA) and Tukey's 

multiple comparison tests. The data were shown as 

the mean values ± standard deviation on fresh 

weight basis. Each column was evaluated within 

itself and mean values of different letters were 

significantly different from each other (p<0.05). 

 

RESULTS AND DISCUSSION  

The antioxidant activity of plant extracts cannot 

be assessed by adopting only one method owing to 

the complex nature of phytochemicals (Marioda et 

al., 2012). Therefore, more than one method 

described in literature can be performed in 

determining antioxidant activity. DPPH radical 

scavenging capacity assay is commonly utilized in 

order to examine the free radical scavenging ability 

of various food components (Dorman and Hiltunen, 

2004). Free radical scavenging is the basic 

mechanism of action of phenolic antioxidants (Reis 

et al., 2010). As for ABTS radical scavenging assay 

is carried out to study the free radical scavenging 

ability. This method is most widespread and an easy 

assay for the fast estimation of antioxidant activity 

(Prior et al., 2005). In the determination of 

antioxidant activity, DPPH and ABTS both provide 

consistent results (Sun and Ho, 2005). As a result of 

these, DPPH and ABTS can be selected to determine 

the best extraction parameters. 

In the present study, ES1, ES2, ES3, ES4 and 

ES5 solvents were used for extraction of 

strawberries.  The reducing power, ABTS radical 

scavenging activity, DPPH radical scavenging 

activity, TFC and TPC assays were conducted for 

the determination of antioxidant properties for 

different extracts of this fruit. The experimental data 

were evaluated statistically and demonstrated that 

the results varied depending on extraction solvents. 

While the extraction with ES2 solvent presented the 

highest results in all assays, the extraction with ES1 

solvent presented the lowest in all assays except in 

one test (TFC). Figure 1-5 show the results of the 

reducing power, ABTS radical scavenging activity, 

DPPH radical scavenging activity, TFC and TPC 

using different solvents, respectively.  

As shown in Figure 1, when the mean values of 

the different extraction solvents of the reducing 

power were compared, the experimental data ranged 

from 286.5±19.3 to 545.2±12.5 mg TEAC 100 g-1 

FW. According to the obtained results, the reducing 

power mean values were found as mg TEAC 100 g-1 

FW ES2 (545.2±12.5) > ES5 (495.7±23.8) > ES4 

(444.9±26.8) > ES3 (401.9±15.7) > ES1 

(286.5±19.3), respectively. When the experimental 

results for reducing power were compared 

statistically, it was found that there was a 

statistically significant difference between each two 

extracts except for ES3 and ES4 (p<0.05).  

 
 

Figure 1. Reducing power of strawberry extracts obtained 

by different extraction solvents 
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When the mean values were examined for 

different extraction solvents in ABTS radical 

scavenging activity assay, the highest and lowest 

values were found in ES2 extract as 827.7±19.1 mg 

TEAC 100 g-1 FW and in ES1 extracts as 405.9±10.5 

mg TEAC 100 g-1 FW, respectively (see Figure 2). 

The experimental mean values were measured as mg 

TEAC 100 g-1 FW for each extracts; 405.9±10.5 for 

ES1, 827.7±19.1 for ES2, 669.6±6.2 for ES3, 

672.8±41.1 for ES4 and 777.9±49.5 for ES5. When 

the experimental results for ABTS radical 

scavenging were compared statistically, it was found 

that there was a statistically significant difference 

between each two extracts except for ES2 and ES5; 

ES3 and ES4 (p<0.05).  

 

 
 

Figure 2. ABTS radical scavenging activity of strawberry 

extracts obtained by different extraction solvents 

 

In Figure 3, when the mean values of the 

different extraction solvents of the DPPH radical 

scavenging activity assay were compared, the 

experimental data varied from 254.0±1.7 to 

357.1±8.28 mg TEAC 100 g-1 FW. DPPH radical 

scavenging activity mean values were observed as 

mg TEAC 100 g-1 FW ES2 (357.1±8.28) > ES3 

(356.0±1.0) > ES4 (355.6±5.9) > ES5 (344.6±3.9) > 

ES1 (254.0±1.7), respectively. When the 

experimental results for  DPPH radical scavenging 

activity were compared statistically, it was found 

that there was a statistically significant difference 

between each two extracts except for ES2 and ES3; 

ES2 and ES4; ES3 and ES4 (p<0.05). 

 
 

Figure 3. DPPH radical scavenging activity of strawberry 

extracts obtained by different extraction solvents 

 

The mean values of the different extraction 

solvents for the total flavonoid content were given in 

Figure 4. This figure indicated that while the highest 

value was ES2 as 112.3±4.2 mg QE 100 g-1 FW, the 

lowest value was ES4 as 36.2±2.5 mg QE 100 g-1 

FW. For this test, the mean values as mg QE 100 g-1 

FW 38.4±1.8; 112.3±4.2; 111.7±6.6; 36.2±2.5 and 

38.3±1.9 were determined ES1, ES2, ES3, ES4 and 

ES5 for each extracts, respectively. When the 

experimental results for total flavonoid content were 

compared statistically, it was found that there was a 

statistically significant difference between each two 

extracts except for ES1 and ES4; ES1 and ES5; ES2 

and ES3; ES4 and ES5 (p<0.05). 

 

 
 

Figure 4. Total flavonoid content of strawberry extracts 

obtained by different extraction solvents 
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When the mean values of the different 

extraction solvents of total phenolic content (Figure 

5) were evaluated, the experimental data varied from 

75.4±3.5 to 121.2±2.1 mg GAE 100 g-1 FW. The 

mean values for different extraction solvents for 

TPC were found as mg GAE 100 g-1 FW 121.2±2.1 

for ES2, 112.5±3.3 for ES5, 107.6±3.9 for ES3, 

105.3±2.3 for ES4, 75.4±3.5 for ES1, respectively. 

When the experimental results for total phenolic 

content were compared statistically, it was found 

that there was a statistically significant difference 

between each two solvents except for ES3 and ES4; 

ES3 and ES5 (p<0.05). 

 
 

Figure 5. Total phenolic content of strawberry extracts 

obtained by different extraction solvents 

 

Kim and Shin (2015) studied antioxidant 

properties of strawberries from different cultivars 

and harvest locations. In their research, the mean 

flavonoid concentrations were found as 524.3, 

522.4, 512.1 mg kg-1 FW and the mean phenolic 

concentrations were identified as 1960.3, 1819.2, 

1992.6 mg kg-1 FW from three major strawberry 

cultivars named ‘Yukbo,’ ‘Seolhyang,’ and 

‘Janghee’, three different locations, respectively. In 

our study, TFC mean values ranged from 36.2±2.5 

to 112.3±4.2 mg QE 100 g-1 FW in different 

extraction solvents and TPC mean values varied 

from 75.4±3.5 to 121.2±2.1 mg GAE 100 g-1 FW. 

The values obtained in our study were higher than in 

the above study in terms of TFC values, as for the 

TPC values, our study values were found to be 

lower. In addition, Kim and Shin (2015) also studied 

DPPH radical scavenging activity in these 

strawberry species and mean DPPH radical 

scavenging activity values were found to be 1.175, 

2.118, 2.199 g kg-1 FW from three different 

locations respectively. Our study revealed that the 

DPPH radical scavenging activity values ranged 

from 254.0±1.7-357.1±8.28 mg TEAC to 100 g-1 

FW, and relatively high results were obtained 

compared to their study. While they prepared 

samples with only one extraction solvent, our study 

performed all assays with five different extraction 

solvents. Meanwhile, it was seen that the 

experimental data results change with changing 

extraction solvents for all assays. Wang and Lin 

(2000) investigated antioxidant activity fruits and 

leaves such as strawberry, blackberry and raspberry 

and found that data varies with cultivar and 

developmental stage. While the TPC values 

harvested at a red ripe stage varied from 950 to 1520 

mg kg-1 FW which was higher than in our results (in 

our study ranging from 75.4±3.5 to 121.2±2.1 mg 

GAE 100 g-1 FW). This difference might be due to 

the climatic conditions, the soil type and the ripening 

period of the fruit. Dyduch-Sieminska et al. (2015) 

explored the contents of flavonoids, free phenolic 

acids, tannins, anthocyanins, and antioxidant activity 

by means of DPPH radical neutralization ability in 

fruits of three wild strawberry cultivars. For three 

fresh wild strawberry cultivars, the TFC and TPC 

mean values were found to be 0.530 mg g-1 (as 

quercetin) and 2.314 mg g-1 (as caffeic acid), 

respectively. It was found that the TFC content was 

compatible with our study, and that some extracts 

were higher in our study. TPC values were found to 

be low in our study. 

Mitic et al. (2014) used extraction solutions 

(80% methanol, ethanol, and acetone) containing 

0.1% HCl to evaluate and characterized the phenolic 

composition and antioxidant activities of wild and 

cultivated strawberries. The maximum quantity of 

total phenolic was obtained in acetone extracts 

(ranging from 14.93±0.28 to 20.38±0.32 mg GAE g-

1 dried fruit) and the minimum quantity was obtained 

in methanol extracts (ranging from 9.59±0.30 to 

15.02±0.23 mg GAE g-1 dried fruit). Likewise, the 

highest amount of total flavonoids was found in 

acetone extracts (ranged from 7.97±0.18 to 

13.28±0.38 mg CE g-1 dried fruit) and the lowest one 

was determined in methanol extracts (ranged from 

3.39±0.18 to 6.93±0.18 mg CE g-1 dried fruit). In 

acetone extracts, highest antioxidant capacity 

(DPPH radical scavenging activity) was observed 

ranging from 89.35±2.09 to 116.13±1.82 µmol TE g-

1 dried fruit and in methanol extracts, the lowest 

antioxidant capacity was perceived ranging from 
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52.69±1.69 to 82.85±2.03 µmol TE g-1 dried fruit. 

As for the present study, the highest TPC, TFC and 

DPPH radical scavenging activity mean values were 

obtained for ES2 extracts (121.2±2.1 mg GAE 100 g-

1 FW), ES2 extracts (112.3±4.2 mg QE 100 g-1 FW) 

and ES2 extracts (357.1±8.28 mg TEAC 100 g-1 

FW), respectively. The lowest TPC, TFC and DPPH 

radical scavenging activity mean values were 

obtained with ES1 extracts (75.4±3.5 mg GAE 100 

g-1 FW), ES4 extracts (36.2±2.5 mg QE 100 g-1 FW) 

and ES1 extracts (254.0±1.7 mg TEAC g-1 FW). 

Both the current study and Mitic et al. (2014) studies 

indicated that the effect of extraction solvents have 

an influence on the determination of antioxidant 

activity of this type of fruits and it was perceived 

that experimental data changes depended on the type 

of the extraction solvents.  

Boulekbache-Makhlouf et al. (2013) 

investigated the effect of solvents extraction on 

antioxidant properties of the byproduct (peel) of 

eggplant. Similar to the present study, they 

examined the antioxidant activities using three 

different solvents (70% methanol, ethanol, and 

acetone). Their study also revealed that the type of 

solvent extracts affects the experimental results. As 

in our study, the highest results for TFC and TPC 

have been obtained in acetone extracts. Saini et al. 

(2013) evaluated antioxidant properties in four 

different solvent systems specifically 80% methanol, 

acidic-methanol, acetone, and acidic-acetone. When 

the antioxidant test results were examined (TPC, 

TFC, DPPH radical scavenging activity, ABTS 

radical scavenging activity), the highest results in all 

assays were obtained in acidic acetone extracts. In 

general, it has been observed that acetone extracts 

give higher results than methanol extracts and the 

acidity of the solvents affected the results. In our 

study, all solvents were acidified and the highest 

results for all assays were obtained with acidified 

acetone extracts. Seal et al. (2015) studied effects of 

solvents to evaluate the antioxidant activities of five 

algae. They carried out antioxidant activity tests 

using benzene, chloroform, acetone and methanol in 

the extraction procedure. Total phenolic content, 

total flavonoid content, total flavonol content, 

reducing power and DPPH radical scavenging 

activity assays were applied to the extracts obtained. 

When the data was examined in detail, the related 

results changed depending on the type of the extract 

solvents. Consequently, it was seen that it is 

important to investigate the extraction solvent in 

antioxidant activity assays and that it has an effect 

on the results.  

In this study, the effects of different extraction 

solvents on the antioxidant activity of strawberries 

were evaluated using antioxidant activity assays. 

The experimental results were changed depending 

on the use of different solvents. The reason of the 

difference between the current and previous studies 

results can be caused by climatic factors, soil 

content, temperature, and light and also might be 

caused by utilization of different extraction methods. 

To sum up, the results reported by literature and the 

present study demonstrated that the type of 

extraction solvents had a crucial effect in antioxidant 

activity assays. Therefore, for similar studies the 

extraction methods should be carefully designed and 

examined.  

 

CONCLUSION 

Antioxidant activities of strawberries grown in 

the Elazig city of Turkey were investigated in 

different extraction solvents. The effect of different 

extraction solvents on the antioxidant activity was 

evaluated by measuring reducing power, ABTS 

radical scavenging activity, DPPH radical 

scavenging activity, TFC and TPC. Experimental 

results indicated that the obtained results varied with 

changing extraction solvents. While the extraction 

with ES2 solvent (acetone) presented the highest 

results in all assays, the extraction with ES1 solvent 

(water) presented the lowest in all assays except in 

one test (TFC). As a result, it can be stated that it is 

important to investigate the type of extraction 

solvent in antioxidant activity assays. 
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