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ABSTRACT 
 
BACKGROUND.The quantity and quality of the plant extracts and their bioactivity depend on the conditions under which the 

extraction process is carried out, and appropriate selection of process parameters such as the type of the solvent, temperature, time, 
solid-liquid phase ratios and mixing speed in extractions method; is of great importance to preserve the desired properties of the 

extracts to be obtained. OBJECTIVE. The aim of this present study was to investigate the effects of solvent concentration, extraction 

temperature and time on total phenolic content and antioxidant activity of the quince, Cydonia oblonga Mill. (sin. Cydonia vulgaris) 
leaves. RESULTS. Optimized extraction conditions for the quince leaves were 40% ethanol-water mixture at 70oC for 30 minutes. 

HPLC analysis results showed that quince leaves were rich in chlorogenic acid and epicatechin. CONCLUSION. Determination of the 

optimal conditions for the extraction of quince leaves (40% ethanol-water mixture at 70ºC for 30 minutes) is important for a cost saving 
extraction, and health-promoting functions of quince leaves as a food ingredient with both antioxidant and antimicrobial potential. 

 

KEY WORDS  
Antioxidant Activity, Antimicrobial Activity, Cydonia oblonga, Extraction, Quince. 

 
 

INTRODUCTION 

 

Plants are important source of essential nutrients and health-beneficial components such as phytochemicals. 

These phytochemicals possess different bioactivities as they have antioxidant, antimicrobial and cytotoxic 

effects against cancer cells, etc.[ 1-3].  Special plant species with high bioactivity find different applications in 

the health and nutrition sector, have favored the development of the functional food market. When they are 

transformed into high value-added products, they contribute greatly to the country's economy. For this reason, 

recent studies have focused on obtaining highly bioactive compounds such as readily available, edible, having 

antioxidant and antimicrobial properties from a wide variety of plant sources [1-6]. 

Quince (Cydonia oblonga Mill.) is a species in genus Cydonia, which belongs to Rosaceae family. The 

quince is a low spreading type tree which attains a height of up to 7-8 m; twigs sparsely tomentose when young, 

becoming glabrous [7, 8]. It is native to Anatolia, Persia, northern Caucasia and Caspian Sea [9]. The fruit of 

Cydonia, known as Quince, resembles an apple having hard flesh of high flavor and rich in vitamins and 

minerals such as vitamin C, E, phosphorus, potassium, sodium, and calcium [10].  Fruits are largely used for 

marmalade, jelly, and preserves. Leaves of quince are also an important source of compounds with positive 

impacts on health by having antioxidant and antimicrobial activity [11, 12]. It has been reported that leaves have 

http://creativecommons.org/licenses/by/4.0/
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positive effects in the medical treatment of various conditions, including nervousness, dysuria, insomnia, cough, 

cold, abdominal cramps, diarrhea, fever, hyperglycemia [13-16].   

These bioactive components, which are important for health and nutrition, are obtained from plants by 

various extraction methods. Recent studies showed that the quantity and quality of the plant extracts and their 

bioactivity depend on the conditions under which the extraction process is carried out [17-19]. Therefore, 

appropriate selection of process parameters such as the type of the solvent, temperature, time, solid-liquid phase 

ratios and mixing speed in extractions method; is of great importance to preserve the desired properties of the 

extracts to be obtained. To the best of our knowledge, there is no information about the optimization of 

extraction conditions for quince leaves is available at present. Therefore the aim of this study is to investigate 

the optimal extraction conditions in order to obtain quince leaf extract with high antioxidant activity and 

phenolic substance content. In addition, the phenolic composition of the leaf extract will be determined and the 

antimicrobial activity of the leaf extract obtained under optimum extraction conditions will be presented. 

 

MATERIALS AND METHODS 

 

1.1. Materials: 

Quince leaves were harvested in the second half of August from Afyonkarahisar region, Turkey. 1,1-

Diphenyl-2-picrylhydrazyl-hydrate (DPPH), Folin–Ciocalteu reagent, NaHCO3 were purchased from Sigma 

(Sigma-Aldrich GmbH, Sternheim, Germany). Phenolic standards used in HPLC were obtained from Sigma (St. 

Louis, MO, USA). All chemicals, solvents, and reagents were analytical or HPLC grade. 

 

1.2. HPLC Analysis: 

Phenolic profile of the leave extracts was analyzed by HPLC system (Shimadzu Corp., Kyoto, Japan). 

Analyzes of the phenolics of the extracts were performed according to a previous method [20] with some 

modifications. DAD detector (λmax; 280nm) was used for the analysis. 250x4.6 mm i.d, the 5μm column used 

was filled with Agilent Eclipse XDB-C18 (Wellborn, Germany). The mobile phase used was A:3% acetic acid, 

B: Methanol. The flow rate of the system was 0.8 ml min
-1

 with an injection volume of 20 μl. The temperature 

was set at 30°C. The data were analyzed using the Shimadzu Class-VP Chromatography Laboratory Automated 

Software system. The standards were acquired from Sigma (St. Louis, MO, USA). 

 

1.3. Experimental Design for The Extraction Procedure: 

Quince leaves samples were dried naturally (in the shade, the draft) for four weeks. Samples were grounded 

in the blender and extracted in a shaker-water bath at 100 rpm at a concentration of 10g/100mL. Extraction was 

carried at 25-70°C, in ethanol / water solution of 0-80% (v/v) for 30-90 minutes. Three parameters namely 

ethanol concentration, extraction time and temperature were studied of which one parameter was varied at a 

time while the others were chosen based on the results of the antioxidant activity and total phenolic content of 

the extracts. All tests were carried out in triplicate. 

 

1.4. Total Phenolic Content (TP)Analysis: 

The phenolic contents of extracts were estimated by spectrophotometric method (Folin-Ciocalteu method) 

previously described [21]. The samples were prepared in triplicate for each analysis and the absorbance was 

determined at 760 nm. The total phenolic contents were calculated on the basis of the calibration curve of gallic 

acid and expressed as gallic acid equivalents (GAE), in μg per mg of the sample.  

 

1.5. Antioxidant Activity Analysis: 

Antioxidant activity of the quince leaves was tested on the basis of the radical scavenging effect on the 

DPPH free radical. 50 μL of plant extract was vortexed with DPPH solution. The mixture was incubated at room 

temperature for 1h at dark. The absorbance of the samples was measured at 517 nm using UV-Vis 

Spectrophotometer. The antioxidant activity was expressed in terms of percentage of radical scavenging AA(%): 

100
)(

(%) x
A

AA
AA

c

tc              (1) 

where Ac is the absorbance of control, and At is the absorbance of test sample, respectively. 

 

1.6. Antimicrobial Activity Analysis: 

Agar disc diffusion assay was used to investigate the antimicrobial activity of the plant extracts on 

Staphylococcus aureus (ATCC29213), Bacillus cereus (ATCC7064), Bacillus subtilis (ATCC 6633), 

Pseudomonas aeruginosa (ATCC27853), Listeria monocytogenes (ATCC 7644), Escherichia coli 

(ATCC25922). Bacterial strains grown on nutrient agar at 37°C for 18 h were suspended in a saline solution 

(0.85% NaCl) and adjusted to a turbidity of 0.5 McFarland standard.  Bacterial suspension spread on Nutrient 
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Agar with a cotton swab. Sterile discs of 8mm impregnated with 200 μL of plant extract (syringe filtered using 

45 μm membrane) and placed on petri dishes. After incubation at 37ºC for 24h, the antibacterial activity was 

evaluated by measuring the inhibition zone diameter in mm. Assays were conducted in triplicate.  

 

RESULTS AND DISCUSSION 

 

1.7. HPLC Analysis Results: 

Beneficial phenolic compounds on human health are well known. To analyze the phenolic composition of 

the leaves HPLC analysis was performed. Chromatogram and the identified peaks were given in Fig. 1, and 

Table 1, respectively. A total of 7 compounds were identified. Results showed that protocatechic acid, catechin 

hydrate, chlorogenic acid, caffeic acid, epicatechin, p-coumaric acid, and rutin were present in the leaf extracts 

among which catechin hydrate was present in higher amounts (0.26 mg/g).  

 
 

Fig. 1: HPLC chromatogram of quince leaf extract 

 

In literature, similar results have been reported in the phenolic profile analysis of Cydonia where rutin, 

astragalin, and chlorogenic acid were detected as the major phenolic compounds [22, 23]. Detected compounds, 

such as catechins caffeic acids, and rutin found in this plant may contribute to its medicinal and antioxidant 

properties such as controlling lipid levels in blood and being anti-mutagenic, having anti-inflammatory and anti-

diabetic activities, etc. [24]. 

 
Table 1: List of Identified Compounds 

 

Compound 
protocatechic 
acid 

Catechin 
hydrate 

chlorogenic 
acid 

caffeic acid epicatechin p-coumaric 
acid 

rutin 

peak number  2 3 5 6 7 10 15 

Concentration (mg/g) 0,04 0,26 0,23 0,05 0,29 0,03 0,24 

 

1.8. Determination of Optimal Extraction Conditions: 

Various phytochemical components, especially polyphenols in plants possess many biological effects, 

mainly attributed to their antioxidant activities [25]. Therefore antioxidant activities and total phenolic content 

of the extractive solution represent an important parameter to evaluate the biological property of the plant. To 

obtain these bioactive compounds from plant materials it is very important to choose the optimal extraction 

conditions. Processes which are more environmentally friendly and require shorter extraction time and less 

organic solvent are of great interest. Effects of extraction time, extraction temperature, and ethanol 

concentration were investigated and results were shown in Fig. 2-4. It was observed that the antioxidant activity 

and TP followed a similar trend for the three extraction parameters. This correlation between TP and the 

antioxidant activity is in good agreement with the results of previous studies [26-28].  

It was observed that the TP didn’t significantly change during 90 minutes of extraction (Fig.2).  Shorter 

extraction times with the same amount of phenolic extracts as longer time will save cost and is more practical. 

Thus based on the values of antioxidant activity assay and TP assay, extraction time was set at 30 min. in the 

next extraction experiment. In literature, the effect of extraction time on green tea polyphenols was studied and 

similarly it was observed that between the 30-180 minutes of extraction, the total phenolic content did not 

significantly change [29]. 

 

 



4 

 
Fig. 2: Effect of extraction time on total phenolic content (TP) and antioxidant activity in terms of radical 

inhibition AA(%) 

 

Results in Figure 3 showed that increase in temperature resulted in an increase in TP and AA(%) results. 

This effect might be due to the positive effect of temperature on the given compound by modifying its diffusion 

coefficient and the solubility of the solvent. The same conclusion was confirmed by the different studies [30, 

31]. 

 

 
Fig. 3: Effect of extraction temperature on total phenolic content (TP) and antioxidant activity in terms of 

radical inhibition AA(%) 

 

Phenolic compounds in plants are polar compounds, therefore they are usually extracted with polar solvents 

such as aqueous acetone and methanol [32]. Ethanol and water were used as the extraction solvents due to their 

safety in handling compared to other organic solvents, such as chloroform, methanol, and acetone. The effect of 

ethanol concentration on antioxidant activity and TP of quince leave extract were shown in Fig. 4.  Results 

revealed that instead of mono-component solvent, the ethanol-water mixture was more efficient for the higher 

TP and AA (%) results. Similarly, in literature, it was reported that it is necessary to add a certain amount of 

water in the extraction solvent in order to improve the extraction of phenolic compounds [33]. Therefore, 

extraction in aq. 40% ethanol at 70ºC for 30 min. is found to be the optimum extraction of choice. 

 

 
Fig. 4: Effect of ethanol contentration on total phenolic content (TP) and antioxidant activity in terms of radical 

inhibition AA(%) 
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1.9. Antimicrobial Activity of Quince Leave  Extract Obtained Under Optimal Conditions: 

The comparative analysis results of the antimicrobial activity of selected test bacteria (Staphylococcus 

aureus, Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa, Listeria monocytogenes, Escherichia coli) 

using agar diffusion test were shown in Table 2. Quince leaf extracts showed a higher antimicrobial effect 

against Staphylococcus aureus and Pseudomonas aeruginosa where the highest effect was observed for 

Staphylococcus aureus with a zone diameter of 14.3 mm. However, no actual clear zone was detected for the 

Bacillus subtilis. Antimicrobial activities against Bacillus cereus, Listeria monocytogenes, and E.coli were 

almost same.  In literature, the antimicrobial activity of ethanol extracts of Cydonia vulgaris Pers. (Rosaceae) 

leaves were investigated [12] and the bactericidal effect was observed against Klebsiella pneumonia, 

Staphylococcus aureus, Pseudomonas aeruginosa. Moreover, ethanolic and acetonic extracts of quince leaf 

were investigated for their anti-fungal potential against Aspergillus niger [34], and the ethanolic extract was 

more effective than acetonic extracts. These results imply that the quince leave extract has a potential for the 

antimicrobial actions. 

 
Table 2: Antimicrobial Activity of Quince Leaf Extract on Test Microorganisms 

Test Microorganisms Zone  Diameter (mm) 

Staphylococcus aureus 14.3±1.2 

Bacillus cereus 7.3±0.9 

Bacillus subtilis No zone 

Pseudomonas aeruginosa 11,3±1.2 

Listeria monocytogenes 8,3±0.5 

Escherichia coli 7.3±0.5 

 

Conclusion: 

Effect of ethanol concentration, extraction time and extraction temperature were investigated on antioxidant 

activity and total phenolic content of quince leave extract. The experimental results showed that quince leaves 

were rich in chlorogenic acid and epicatechin. All extraction parameters (extraction time, temperature, and 

ethanol concentration) showed a significant effect on antioxidant activity, and total phenolic content of quince 

leaves. The optimized extraction conditions for the quince leaves were 40% ethanol-water mixture at 70ºC for 

30 minutes. Extracts of quince leaves showed an antimicrobial effect against all of the tested bacteria except 

Bacillus subtilis, and the highest antibacterial activity was found for Staphylococcus aureus. This study was 

important to obtain the highest radical inhibition for the extract under short times and moderate ethanol 

concentrations. Furthermore, the results obtained from this study would be helpful to explore the optimal 

conditions for a cost-saving extraction and mechanism of the health-promoting functions of quince leaves as a 

food ingredient with both antioxidant and antimicrobial potential. In the future, studies about the investigation of 

the bioactivity associated with the further purification and identification of each phenolic compound in quince 

leaves can be useful to provide comparative information on the antioxidant levels. 
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