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Abstract. The objective of this work was to compare the extraction of phenolic compounds from Tilia argentea flowers 

and bracts by using conventional (solvent extraction) and novel (ultrasound assisted) extraction methods. Ethanol (70 %) 

extracts were analyzed for their antioxidant activities. Total phenolic content was determined using Folin-Ciocalteu 

method and the antioxidant potential was determined by DPPH radical scavenging and Ferric Reducing Antioxidant 

Power (FRAP) assays. To determine the effect of ultrasound treatment on the extraction, same extraction parameters were 

applied in both methods. The results showed that extracts obtained by ultrasound assisted extraction have higher total 

phenolic content and antioxidant activity. 
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1. Introduction  

Tilia argentea Desf. Ex DC [synonym: Tilia tomentosa 

Moench; common names silver linden, linden, gümüşi 

ıhlamur] is a deciduous tree, and its flowers have been 

frequently used in folk medicine for centuries [1–3]. The 

species is native to Southeastern Europe and 

Southwestern Asia, from Balkans to Western Turkey. 

Ethnobotanical studies revealed that flowers and bracts 

of the tree are used in order to treat flu, cough and 

migraine [1–4]. Recent studies confirm antinociceptive, 

anti-inflammatory activities [5], and hepatoprotective  

[6] effects of Tilia argentea extracts. Flowers and bracts 

of this plant contain kaempferol 3,7-O-L-dirhamnoside, 

quercetin 3,7-O-L-dirhamnoside, quercitrin, 

isoquercitrin, rutin, astragalin, tiliroside, myricetin, 

ferulic acid, 3,4-dihidroxybenzoic acid, 3,4-

dihidroxybenzaldehide, vanilic acid, catechin hydrate, 

quercetin, apigenin, luteolin, oleanolic acid, ellagic acid, 

maslinic acid, shikimic acid, quinic acid [4, 7, 8]. 

Furthermore, 44 compounds, i.e several flavonols 

(glycosides of quercetin, kaempferol, apigenin) and 

hydroxycinnamic acid derivatives were found in bud 

extracts [9].  

Polyphenols, which are the major secondary 

metabolites in most plants, have free radical scavenging 

activity. Tocopherols, carotenoids and polyphenols are 

the phytochemicals associated with human health. In 

recent years an increasing attention has been paid to 

natural antioxidant compounds found in plants by 

researchers [10]. Thus, the extraction of polyphenols 

from plants and the determination of total phenolic 

content and antioxidant activity are the important tools 

for understanding the importance of plants for human 

health. 

Ultrasound extraction highlights many advantages 

such as high extraction yields, low energy, solvent 

consumption and extraction time over conventional 

extraction systems. It is a superior technique which 

disrupts the cell structures and improves mass transfer 

thus increasing the extractability of the phenolics from 

plants [11, 12].  

Although Tilia argentea is a prominent and 

frequently used medicinal plant, on the basis of a 

literature survey it was found that the number of studies 

about Tilia argentea is limited. To the best of our 

knowledge, there is no previous study on comparison of 

solvent extraction (SE, conventional) and ultrasound 

assisted extraction (UAE, novel) methods. Therefore, in 

this study, the phytochemicals from the bracts and 

flowers of Tilia argentea were extracted using 70 % 

ethanol as solvent and the effect of ultrasound extraction 

was observed by the determination of total phenolic 

content and antioxidant activity of the extracts. 

Table 1. The analyzed samples 

Sample Material Location Plant part 
Developmental 

growth of tree 

Extraction method 

and solvent 

1 Tilia argentea Sakar-Eşmecik/Kayseri 
Bracts and 

flowers 
25 years 

SE 
Ethanol 70 % 

2 Tilia argentea Sakar-Eşmecik/Kayseri 
Bracts and 

flowers 
25 years 

UAE 

Ethanol 70 % 

3 Tilia argentea Beğendik/Kayseri 
Bracts and 

flowers 
10 years 

SE 
Ethanol 70 % 

4 Tilia argentea Beğendik/Kayseri 
Bracts and 

flowers 
10 years 

UAE 

Ethanol 70 % 
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2. Experimental 

2.1. Chemicals and instruments 

Folin-Ciocalteu’s phenol reagent, DPPH free radical 

(2,2-diphenyl-1-picrylhydrazyl), Trolox ((±)-6-

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

acid), Na2CO3, HCl, CH3COOH, NaCH3COO‧3H2O 

CH3CH2OH, FeCl3‧6H2O, and gallic acid were 

purchased from Merck. 2,4,6-Tris(2-pyridyl)-s-triazine 

(TPTZ) was purchased from Fluka. Reaction mixtures 

were incubated using orbital shaker-incubator (Biosan 

ES-20) and their absorbance values were measured 

through the scanning absorption spectra between 200 

and 900 nm by using the UV-VIS spectrophotometer 

Shimadzu UV 1601. Deionized water was obtained by a 

Milli-Q-water purification system (Millipore). 

Ultrasound assisted extractions were performed using 

Ultrasonic bath (Bandelin Sonorex). 

2.2. Plant material 

Bracts and flowers of Tilia argentea was collected from 

Sakar-Eşmecik (growth year of the tree is 25) and 

Beğendik (growth year of the tree is 10) in their 

flowering period (June 2018) in Hacılar, Kayseri, 

Turkey (Table 1). The distance between the two 

locations was less than 3 km. Plants were identified by 

botanist Dr. Ahmet Doğan. The voucher specimens were 

deposited in Marmara University, Faculty of Pharmacy 

Herbarium (MARE), İstanbul, with voucher number 

MARE 20409 for Sakar Eşmecik Bağları and MARE 

20410 for Beğendik Bağları. The bracts and flowers of 

Tilia argentea were air dried in shade at room 

temperature and ground into powder by a domestic 

grinder. 

2.3. Extracts preparation 

2.3.1. Solvent Extraction Method (SE). 20 mL of 70 % 

ethanol were added on 1.000 g of dried and ground plant 

material and the mixture was kept at 40 °C in a shaking 

water bath for 1 hour. After decantation of the extract, 

the residue was treated with another 20 mL of 70 % 

ethanol and the mixture was kept at 40°C in a shaking 

water bath for 1 hour. The extraction procedure was 

repeated 3 times and a total volume of 60 mL extract was 

obtained. After the last extraction, the solid residue was 

removed by centrifugation (2500 rpm, 20 minutes). The 

supernatant was kept at -20oC. 

2.3.2. Ultrasound Assisted Extraction Method (UAE). 

20 mL of 70 % ethanol was added on 1.000 g of dried 

and ground plant material. The resulted mixture was 

immersed in the ultrasonic bath and sonicated at 40 °C 

for 1 hour. After decantation of the extract, the solid 

residue was treated with another 20 mL of 70 % ethanol 

and sonicated at 40 °C for 1 hour. Extraction procedure 

was repeated 3 times and a total volume of 60 mL extract 

was obtained. After the last extraction the solid residue 

was removed by centrifugation (2500 rpm, 20 minutes). 

The supernatant was kept at -20oC. 

2.4. Assay of total phenols 

The method for the determination of total phenols in the 

extracts by using Folin-Ciocalteu reagent (FCR) was 

adapted from Chen et al. [13] and modified in our 

previous study [14]. 100 μL of plant extract was diluted 

with 4 mL of distilled water and 100 μL FCR were 

added, followed by incubation for 5 min, at 30 oC and 

200 rpm. 800 μL of Na2CO3 6% (w/v) were added and 

incubated for 30 min, at 30 oC and 200 rpm. A blue color 

was formed and the solution was scanned between 685-

760 nm, with an absorption maxima at 697 nm. The 

calibration curve was prepared using solutions of gallic 

acid which is a common reference compound in the 

concentration range of 62.5 – 1000 μM (y = 0.0017 x + 

0.0262, R2 = 0.9965). Results are expressed as gallic acid 

equivalents (mg GAE/g dry plant). All measurements 

were performed in triplicate, mean values and standard 

deviations were calculated.  

2.5. Determination of antioxidant activity 

2.5.1. Reducing Fe(III) to Fe(II) power activity assay. 

The method is a modification of Benzie and Strain 

method [15], being described in our previous study [16]. 

Ferric Reducing Antioxidant Power (FRAP) reagent is 

prepared by a mixture of 250 mL of 0.3 M CH3COONa 

buffer (pH 3.6), 25 mL of 10 mM TPTZ solution 

(prepared in 0.1 M HCl) and 25 mL of 20 mM FeCl3. 

100 μL of plant extract was added to 3 mL of FRAP 

solution. Reaction mixture was incubated for 4 min, at 

37 oC and 200 rpm. The UV spectra were scanned 

between 580-600 nm and the absorbance value at 596 

nm was used for the measurements. The calibration 

curve was prepared using solutions of Trolox standard 

in the concentration range 75 - 1000 μM (y = 0.0016 x 

+ 0.0416, R2 = 0.9915). Results are expressed as Trolox 

equivalents (mg TE/g dry plant). All measurements 

were performed in triplicate, mean values and standard 

deviations were calculated.  

2.5.2. Scavenging activity on DPPH free radical assay. 

Free radical scavenging activity of the extracts was 

determined by using DPPH radical [17]. 100 mL of 100 

μM DPPH solution in methanol was prepared. 1.5 mL 

of the extract solution was mixed with 1.5 mL of 100 

μM DPPH solution and incubated for 15 min at 30 oC 

and 200 rpm. The UV spectra were scanned between 

515-528 nm and the absorbance value at 523 nm was 

used for the measurements. The calibration curve was 

prepared using solutions of Trolox standard in the 

concentration range 1 – 35 μM (y = -0.0119 x + 0.5828, 

R2 = 0.9989). Results are expressed as Trolox 

equivalents (mg TE/g dry plant). All measurements 

were performed in triplicate, mean values and standard 

deviations were calculated. 

3. Results and discussion 

3.1. Extraction parameters 

Regarding the fact that flavonoids are polar or mid polar 

compounds, mixtures of ethanol and water are 

commonly used as extraction solvent [18]. Extraction of 

phenolic compounds was performed according to our 

previous study [19]. The extraction parameters were set 

as follows: the solvent to raw material ratio was 60/1 

(mL/g), the extraction temperature was 40 °C and the 

extraction time of 3 hours. To understand the effect of 

ultrasound assisted extraction method on the extraction 

of polyphenols, same extraction parameters were 

applied in both extraction methods.  
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The resulted samples were denoted as in Table 1. 

3.2. Total phenolic content 

Total phenolic content of the extracts was determined by 

FCR method, and the results were ranged from 34.69 to 

68.34 mg GAE/g dry plant. Table 2 shows the effect of 

ultrasonic extraction on the total phenolic content. The 

results indicated that extraction of phenolic compounds 

increased with the use of UAE method (Sample 2 > 

Sample 1; Sample 4 > Sample 3). There are few reports 

about total phenolic contents of Tilia argentea. Total 

phenolic content of n-hexane extract was reported as 

12.33 mg GAE/g dry plant (maceration, 72 hours) [20] 

and 70 % aqueous acetone extract was reported as 18,3 

mg GAE/g dry plant (solvent extraction, 60 min) [21]. 

The reason why Sample 3 and Sample 4 had superior 

TPC than Sample 1 and Sample 2 may be explained by 

the growth year of the trees. 10 years aged tree has 

higher phenolic content than 25 years aged tree. 

Secondary metabolites of the plants can be affected by 

the developmental and the environmental factors [22–

24]. 

3.3. Antioxidant activity 

In vitro antioxidant activity of the extracts was measured 

by FRAP and DPPH assays and the results are illustrated 

in Table 2. Among the studied extracts, the extract 

obtained by ultrasound (Sample 4) had the strongest 

antioxidant activity by both FRAP and DPPH methods. 

Antioxidant activities of the extracts were in order: 

Sample 4 (UAE, 10 years aged of tree) > Sample 3 (SE, 

10 years aged of tree) > Sample 2 (UAE, 25 years aged 

of tree) > Sample 1 (SE, 25 years aged of tree). This 

alignment is in accordance with the TPC of the extracts. 

As far as our literature survey could ascertain, this is the 

first study giving information about the comparison of 

SE and UAE methods of Tilia argentea. Data obtained 

from literature search showed that there are limited 

studies about antioxidant activity of Tilia argentea. 

Antioxidant activity determined by ABTS method [20, 

21], DPPH method [20] and thiocyanate method [25] 

were reported. But these results cannot be compared 

directly with our findings because analyses were 

performed with different methods and the results were 

given in different units (i.e. IC50). 

Table 2. Total phenolic content and antioxidant activity of 

Tilia argentea 

Sample 
Total phenolic 

content a 
FRAP value b DPPH value b 

1 34.69±3.82 53.01±5.21 25.38±3.12 

2 49.74±4.51 76.94±5.48 77.31±4.88 
3 60.24±5.70 100.59±5.74 92,63±5.76 

4 68.34±5.14 131.94±6.05 128.21±6.19 

a: mg GAE/g dry plant±SD (n = 3); b: mg TE/g dry plant ±SD (n = 3). 

GAE: Gallic acid equivalents; TE: Trolox equivalents. 

4. Conclusion 

The present study is providing insight into the 

comparison of methods for polyphenols extraction. The 

obtained results indicate highly positive effect of 

ultrasonication treatment on the extractability of 

polyphenols from Tilia argentea. Similar effects were 

observed in the antioxidant activity. The comparison 

was possible by applying the same extraction parameters 

(extraction solution 70% ethanol, liquid to solid ratio 

60/1 mL/g, temperature 40 °C, and extraction time 180 

min) to both SE and UAE methods. UAE is an 

inexpensive, simple, fast and efficient alternative to 

conventional extraction methods. It was also concluded 

that 10 years aged tree is richer than 25 years aged tree 

in terms of total phenolic content and antioxidant 

capacity. 
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