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ABSTRACT 

Considering the facts that phenolic compounds have many pharmacological effects, as well that antioxidant effect 

of phenolic compounds has been proven in various experimental systems, aim of this research was to determine 

the content of total phenols and flavonoids and evaluation of antioxidant activity in ethanol, ethyl acetate and 

chloroform extracts of fruits and leaves of the plant species Crataegus monogya Jacq., which is known as common 

hawthorn. The content of total phenolic compounds was determined by the spectrophotometric method using 

Folin-Ciocalteu reagent and the content of flavonoids was determined using aluminum chloride. In vitro evaluation 

of the antioxidant activity of tested extracts was performed using the DPPH method. The amount of total phenolics 

was varied in fruits and leaves extracts and ranged from 38.05 ± 0.18 to 365.11 ± 0.32 mg GAE/g dw. Ethyl acetate 

extract of hawthorn leaves showed the highest content of phenolic compounds (365.11 ± 0.32 mg GAE/g dw). The 

flavonoid content was different in the fruits and leaves of hawthorn and ranged from 21.11 ± 0.11 to 122.98 ± 0.21 

mg RU/g dw, whereby the highest content of flavonoids was found in ethyl acetate extract of leaves (122.98 ± 0.21 

mg RU/g dw). Antioxidant activity of the tested extracts was expressed as IC50 values and ranged from 5.53 ± 0.08 

to 293.51 ± 0.28 μg/ml. Ethyl acetate extract of hawthorn leaves showed considerable antioxidant potential (IC50 = 

5.53 ± 0.08 μg/ml). Based on the obtained results, a significant correlation was found between the antioxidant 

activity and the content of total phenolics and flavonoids compounds in hawthorn fruits and leaves extracts. 
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INTRODUCTION1 

The connection between man and plants dates back 

thousands of years ago. Throughout history, plants have gained 

increasing importance as a source of biologically active 

substances. It is known that the use of medicinal herbs is a 

significant factor that improves the general health of people, and 

the study of its positive impact is more and more the subject of 

current research. This property is explained primarily by the 

presence of secondary metabolites in plants, which can exhibit 

different biological activities. Phenolic compounds are 

widespread products of secondary metabolism and the 

antioxidant activity of plant extracts is mainly related to their 

presence (Kaur & Kapoor, 2008). The most common phenolic 

compounds are phenolic acids (benzoic and cinnamic acid 

derivatives), flavonoids, stilbenes, lignans, coumarins and 

tannins. Due to their pronounced antioxidant activity, phenolic 

compounds have the ability to directly bind (“catch”) free 

radicals (Kancheva, 2009; Rice-Evans et al., 1996; Kirakosyan et 

al., 2003). 

The genus Crataegus, commonly known as hawthorn, 

comprises about 200 species (Dönmez, 2004). It is widely 

distributed in the temperate and subtropical regions of the 

Northern hemisphere, most in North America and somewhat less 
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in Europe and Asia. This genus is characterized by deciduous, 

usually thorny shrubs or low trees about 5-15m high. The 

lifespan of hawthorn can be over 200 years. Today more than 20 

species of hawthorn are used in folk medicine and some of them 

are found in the pharmacopeias of many countries (Chang et al., 

2002). Leaves, flowers, and fruits are used as an herbal drug. The 

flowers are collected early in the spring when are completely 

developed, leaves are collected during the summer, and the fruits 

when are ripe, mid in the fall. Hawthorn flower and leaf contain, 

as active principles, complexes of flavonoid heterosides in the 

amount of 1-2%. The fruits contain less flavonoids (about 0.1%) 

but there are more sugars, organic acids, carotenoids, and 

vitamin C. Hawthorn is considered one of the most valuable and 

effective cardio protector plants for the heart. It has been 

observed that extracts of fruits, leaves, and flowers of hawthorn 

have a beneficial effect on coronary artery flow, contraction of 

the heart muscle and following this they are used as powerful 

cardiotonic, hypotensive and antiaritmic agents (Alirezalu et al., 

2018; Long et al., 2006; Degenring et al., 2003). In some nations, 

certain species of the genus Crataegus are used in the treatment 

of digestive problems, dyspnea and kidney stones (Rigelsky & 

Sweet, 2002). Hawthorn extracts also show a wide range of 

antioxidant, antimicrobial, antifungal, anti-inflammatory and 

antiviral activities (García-Mateos et al., 2013; Orhan et al., 

2007; Tadić et al., 2008; Benli et al., 2008). 

Crataegus monogyna Jacq. (common hawthorn) is a 

deciduous shrub or low tree up to 10 m high. This species is most 
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abundant in the zone of a deciduous forest at 900-1200 m above 

sea level. In many nations of the world, common hawthorn has a 

very wide and varied use. Thus, hawthorn fruits are used in 

culinary, mostly for making jams and drinks (Chang et al., 2002). 

Fruits and leaves of hawthorn have a mild diuretic, 

antispasmodic and cardiotonic effect (Barros et al., 2011; 

Edwards et al., 2012; Nabavi et al., 2015; Fakir et al., 2009). 

Hawthorn extracts have proved to be beneficial to the nervous 

system and are used against migraines, memory loss and 

calming, thus on that way improving overall condition of the 

organism (Elango & Devaraj, 2010; Zhang et al., 2004; Novais et 

al., 2004). Due to the presence of different types of bioactive 

components, the extracts of leaves, flowers, and fruits of this 

plant species exhibit extraordinary antioxidant activity (Keser et 

al., 2014; Konyalioglu et al., 2017; Özcan et al., 2005). 

In light of our previous work (Radulović et al., 2020; Ţivić 

et al., 2019; Dekić et al., 2019) which is regarding to the 

pharmacological and antioxidant effects of many plant species 

from area of Serbia, the aim of this study was to determine the 

content of phenols and flavonoids and evaluate the antioxidant 

activity of fruits and leaves extracts of plant species Crataegus 

monogyna Jacq. 

EXPERIMENTAL 

Materials and methods  

Chemicals and reagents 

The solvents (HPLC grade) used in the experimental work 

were purchased from J.T. Baker (USA) and Merk (Germany) 

while gallic acid, rutin, and ascorbic acid were purchased from 

Acros Organics (Belgium). Also, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), potassium acetate (CH3COOK) and Folin-Ciocalteu 

reagent were purchased from Sigma-Aldrich (USA). All other 

chemicals used in this research were from Merck (Germany) and 

Fisher Scientific (USA). 

UV-Vis spectroscopy. 

All absorbance was measured using a LLG UniSPEC 2 

spectrophotometer 

Plant material 

The fruits and leaves of the plant species Crataegus 

monogyna Jacq. were collected from the area of Šara mountain at 

1150 m above sea level, in september 2018. After 12 days of 

drying in the shade, the plant material was packed in dark glass 

bottles and stored in a dry and dark place until analyzed. 

Extraction 

About 8 g of dried and well grind fruits and leaves of 

hawthorn were extracted in a Soxhlet apparatus, whereby used 

100 ml of solvents with different polarity: ethanol, ethyl acetate 

and chloroform. The extraction was performed for 6 hours at the 

boiling point of the solvent. After the expiration of the estimated 

period time, the extracts were evaporated to dryness on a rotary 

vacuum evaporator at a temperature of 35 °C. The dry extracts 

were then packed in vials and kept in the refrigerator at 5 ºC until 

use. 

Determination of total phenolic content 

The total phenolic content of the tested hawthorn fruits and 

leaf extracts was determined spectrophotometrically with Folin-

Ciocalteu reagent according to the previously described method 

(Singleton et al., 1999), with slight modifications. The dry 

extracts were dissolved in methanol (1000 μg/ml) and used 

during the analysis. Briefly, 1.5 ml of Folin-Ciocalteu reagent 

(diluted 10 times with distilled water) was added to a test tube 

with 0.5 ml of extracts and then was shaking. After 2 minutes, 2 

ml of 7.5% Na2CO3 solution was added, test tubes were slightly 

shaken and then incubated at 32 °C for 90 minutes in a dark 

place. The same procedure was repeated for gallic acid, which 

was used to construct the calibration curve, and it was 

constructed based on different concentrations of gallic acid 

solution (1.95-250 μg/ml). The absorbance was measured at 765 

nm relative to the blank (1.5 ml of Folin-Ciocalteu reagent and 2 

ml of 7.5% Na2CO3 was added in 0.5 ml of methanol) on LLG 

UniSPEC 2 spectrophotometer. The total phenolic content of the 

samples was calculated from the calibration curve equation and 

results were presented as mg of gallic acid equivalents per g of 

dried weight extracts (mg GAE/g dw). 

Determination of total flavonoid content 

The total flavonoid content of extracts was determined 

spectrophotometrically, using a method based on the formation 

of complexes between the flavonoids and aluminum (Chang et 

al., 2002). In 0.5 ml of extracts (1000 μg/ml) was gradually 

added 1 ml of methanol, 80 μl of 10% AlCl3 solution, 80 μl of 1 

M CH3COOK solution and 2.5 mL of distilled water. The same 

procedure was repeated for the standard solution of rutin (3.91-

125 μg/ml). After incubation at room temperature for 50 minutes, 

the absorbance was measured at 415 nm on a spectrophotometer. 

The blank contained all reagents, except tested extracts, which 

were replaced with 0.5 ml of methanol. The total flavonoid 

content was calculated from the calibration curve equation and is 

expressed as mg of rutin equivalents per g of dried weight extract 

(mg RU/g dw). 

DPPH assay 

For the determination of the antioxidant activity of tested 

extracts the DPPH (2,2-diphenyl-1-picrylhydrazyl) test was used, 

according to the previously described method (Braca et al., 2001) 

with small modifications. The procedure was as follows: 0.8 ml 

of methanolic solution of extracts (3.91-1000 μg/ml) was placed 

in a test tube and mixed with 2 ml of 0.004% DPPH methanolic 

solution. The test tubes were allowed to stand for 45 minutes in a 

dark place and at room temperature. The blank contained 0.8 ml 
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of methanol instead of extracts. The same procedure was 

repeated for the standard solution of ascorbic acid (1.96-125 

μg/ml), which in our case was used as a measure of comparison 

of efficacy with the tested extracts (positive control). The 

absorbance was measured at 517 nm on a spectrophotometer. 

The inhibition of DPPH radicals in the presence of tested 

samples is calculated by the formula and expressed as a 

percentage of inhibition (%): inhibition (%)= ((Ab-As)/Ab)∙100, 

Ab-absorbance of blank (2 ml of DPPH and 0.8 ml of methanol), 

As-absorbance of the methanolic extracts solution (2 ml of 

DPPH and 0.8 ml of extracts solution). The results are expressed 

as IC50 values in µg/mL (IC50 value represents the concentration 

of tested extracts and/or standard antioxidant which inhibited 

50% of the initial concentration of DPPH molecules). 

Statistical analysis 

Statistical and numerical analyzes were performed using 

GraphPad Prism ver. 7.00 and MS Office Excel (2016) software 

package. All results are presented as the mean of three 

repetitions (n = 3 ± standard deviation). 

RESULTS AND DISCUSSION  

Yields (%), total phenolics and total flavonoids content 

Based on the obtained results (Table 1) the yields of 

isolated hawthorn fruits extracts ranged from 2.03 to 24.51%, 

while for leaves extracts ranged from 5.15 to 40.69% (results are 

expressed in percentages and refer to 100 g of dry plant 

material).  

Ethanol (ethanolic hawthorn leaf extract) was given the 

highest yield during the extraction of plant material as the most 

polar solvent (40.69%), while the yield of a chloroform extract 

(chloroform hawthorn fruit extract) was the lowest (2.03%). 

Table 1. Percentage yields (%) of Crataegus monogyna Jacq. 

fruits and leaves extracts. 

Extract 
Percentage yield % (w/w) 

Fruits Leaves 

Ethanol 24.51 40.69 

Ethyl acetate 4.32 9.02 

Chloroform 2.03 5.15 

The concentration of total phenolics compounds in the 

tested extracts was determined spectrophotometrically (the 

method is based on the measurement of the reducing capacity of 

phenolics compounds) and the values were calculated based on 

the equation obtained from the calibration curve. The total 

phenolics content of hawthorn fruits and leaves extracts ranged 

from 38.05 ± 0.18 to 152.87 ± 0.11 mg GAE/g dw for fruits and 

from 83.36 ± 0.21 to 365.11 ± 0.32 mg GAE/g dw for leaves 

extracts (Table 2). Based on the obtained results it can be 

concluded that the total content of phenolics compounds is 

higher for hawthorn leaves extracts than for fruits extracts. Ethyl 

acetate extract of leaves showed the highest concentration of 

phenolics compounds with a value of 365.11 ± 0.32 mg GAE/g 

dw, while the lowest concentration of phenolics showed 

chloroform extract of fruits (38.05 ± 0.18 mg GAE/g dw). In the 

ethanol extracts of fruits and leaves the content of phenolics 

compounds was 101.01 ± 0.12 mg GAE/g dw and 188.21 ± 0.18 

mg GAE/g dw, respectively. 

Table 2. Content of total phenolics and flavonoids compounds of Crataegus monogyna Jacq. fruits and leaves extracts. 

Extract 

Total phenolics 

(mg GAE/g dw) 

Total flavonoids 

(mg RU/g dw) 

Fruits Leaves Fruits Leaves 

Ethanol 101.01 ± 0.12 188.21 ± 0.18 48.27 ± 0.26 89.78 ± 0.13 

Ethyl acetate 152.87 ± 0.11 365.11 ± 0.32 58.81 ± 0.12 122.98 ± 0.21 

Chloroform 38.05 ± 0.18 83.36 ± 0.21 21.11 ± 0.11 36.01 ± 0.16 

According to numerous studies, the total phenolics content 

of many plant species depends on the type of extraction as well 

as the polarity of the used solvents (Mohsen & Ammar, 2008; 

Zhou &Yu, 2004). The content of phenolics compounds, in our 

case, was highest in ethyl acetate extracts of fruits and leaves and 

the lowest in chloroform extracts. Base on that the content of 

phenolics compounds decreases in the order: ethyl acetate > 

ethanol > chloroform extracts. External factors such as light, 

temperature, and presence of nutrients in the soil have a 

significant impact on the composition and amount of phenolics 

compounds. 

Determination of total flavonoids content is based on the  

property of flavonoids to give a complex with metal ions (such 

as Al3+) whereby chelates are formed and occur a displacement 

of absorption bands by about 50 nm toward higher wavelengths - 

bathochromic displacement (Silva et al., 2015). The 

concentration of total flavonoids in the tested hawthorn fruits 

extracts ranged from 21.11 ± 0.11 to 58.81 ± 0.12 mg RU/g dw 

and in leaves extracts from 36.01 ± 0.16 to 122.98 ± 0.21 mg 

RU/g dw (Table 2). Hawthorn a leaf extracts contains higher 

amounts of flavonoids than fruit extracts. The highest 

concentration of flavonoids was in ethyl acetate hawthorn leaves 

and fruits extracts (122.98 ± 0.21 and 58.81 ± 0.12 mg RU/g dw, 

respectively), while chloroform leaves and fruits extracts showed 
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lowest amount of flavonoids (36.01 ± 0.16 and 21.11 ± 0.11 mg 

RU/g dw, respectively) Based on the obtained results the 

flavonoids content decreases in the order: ethyl acetate > ethanol 

> chloroform extracts. All tested hawthorn fruit and leaf extracts 

contain a significantly lower amount of flavonoids than the 

phenolics compounds. 

DPPH assay 

The antioxidant activity of the extracts obtained from 

hawthorn fruits and leaves was determined by the DPPH assay, 

and the results of the analyzes were expressed as IC50 values in 

μg/mL, (Figure 1). The lower IC50 values correspond to the 

stronger antioxidant activity of the extracts. 

 

Figure 1. Free radical scavenging activity of Crataegus 

monogyna Jacq. fruit and leaf extracts expressed as IC50 values 

(μg/ml) measured by DPPH method. Ascorbic acid was used as 

positive control (IC50 = 3.12 ± 0.14 μg/ml). 

All tested extracts showed strong and significant 

antioxidant activity. Hawthorn leaves extracts showed stronger 

antioxidant activity compared to hawthorn fruit extracts. Ethyl 

acetate extracts of fruits and leaves which neutralize 50% of 

DPPH radicals at concentrations of 51.21 ± 0.18 μg/ml and 5.53 

± 0.08 μg/ml, respectively, showed the highest antioxidant 

activity. Also, ethanol extracts (IC50 = 78.66 ± 0.21 μg/ml for 

fruits and IC50 = 33.19 ± 0.16 μg/ml for leaves extracts) showed 

a significant and stronger inhibition of DPPH radicals compared 

to chloroform extracts, which showed lower antioxidant activity 

(IC50 = 293.51 ± 0.28 μg/ml for fruits and IC50 = 197.85 ± 0.19 

μg/ml for leaves extracts). The strong antioxidant activity of all 

tested extracts is associated with the high content of phenolics 

and flavonoids compounds and indicates that these compounds 

contribute to the antioxidant activity of hawthorn fruits and 

leaves extracts. 

Correlation analysis 

The correlation between the antioxidant activity of the 

hawthorn fruits and leaves extracts and the content of total 

phenolics and total flavonoids compounds is showed on Figures  

2 and 3. Based on the obtained results, a significant degree of 

correlation between total phenolics content and antioxidant 

activity (r =  ̵  0.934 for fruit extracts and r =  ̵  0.859 for leaves 

extracts) indicates that the antioxidant properties of the tested 

extracts originate from the presence of phenolics compounds in 

the extracts, especially in the case of hawthorn fruits.  

 

Figure 2. Linear correlation of total phenolics compounds and 

antioxidant activity of hawthorn fruits and leaves extracts.  

An even better and more significant correlation was found 

between the antioxidant activities of hawthorn fruits and leaves 

extracts and total flavonoids content. A high degree of 

correlation in fruit extracts (r = -0.968) and leaves (r = -0.987) 

indicates that the presence of flavonoids compounds is crucial 

for the pronounced antioxidant activity of the tested extracts. 

 

Figure 3. Linear correlation of total flavonoids compounds and 

antioxidant activity of hawthorn fruits and leaves extracts. 

Since a lower IC50 value indicates a higher antioxidant 

activity, it can be concluded that as the content of phenolics and 
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flavonoids increases, the IC50 value decreases. Therefore, the 

linear correlation is negative and strong, and in our case is 

particularly pronounced between antioxidant activity and total 

flavonoids content in all tested extracts. 

CONCLUSION 

Hawthorn, as a plant species that has been long used in 

traditional medicine as well for medical purposes, also widely 

used in the process of preparing food and many drinks. The 

presented research showed that hawthorn extracts (Crataegus 

monogyna Jacq.) have a high content of phenolics and flavonoids 

compounds, which is directly reflected in their remarkable 

antioxidant potential. This is confirmed by a significant 

correlation between the total content of phenolics and flavonoids 

compounds and antioxidant activity. The results obtained in this 

study will influence on ethnopharmacological use of fruits and 

leaves of the plant species Crataegus monogyna Jacq., as well as 

their potential use in some branches of the pharmaceutical and 

food industry. This research further shows and classifies 

hawthorn as a natural source of antioxidants and enhances the 

picture about the use of hawthorn in traditional medicine for the 

treatment of many diseases. 
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