
 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Özderin (2024). “Crataegus extract properties,” BioResources 19(1), 1542-1557.  1541 

 

Chemical Properties, Antioxidant, and Antimicrobial 
Activities of Fruit extracts of Crataegus monogyna var. 
odemisii 
 

Sevgin Özderin *  

 
* Corresponding author: sevginozderin@mu.edu.tr 

 

DOI: 10.15376/biores.19.1.1542-1557 

 

GRAPHICAL ABSTRACT 
 

 
 

 

 

  

 



 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Özderin (2024). “Crataegus extract properties,” BioResources 19(1), 1542-1557.  1542 

 

Chemical Properties, Antioxidant, and Antimicrobial 
Activities of Fruit extracts of Crataegus monogyna var. 
odemisii 
 

Sevgin Özderin *  

 
Fruit of the Crataegus species (Rosaceae), known as the "Hawthorn" wild 
plant, has important benefits for human health. The purpose of this study 
was to determine the chemical properties of one of the local endemic taxa, 
Crataegus monogyna var. odemisii in west Turkey. Based on the chemical 
analysis results, antioxidant and antimicrobial activities of fruit extracts, the 
fruit lipid contents, total phenol, and total flavonoid contents were studied. 
Five different methods were used to measure antioxidant capacity, namely 
the CUPRAC, β-Carotene-linoleic acid, DPPH•, ABTS•+, and CUPRAC 
analyses were used for the measurement of antioxidant capacity. The 
results showed that the highest antimicrobial activity was against C. 
albicans, and it was more effective against Gr+ bacteria than Gr- bacteria. 
The qualitative, as well as quantitative, analyses of lipid contents of the 
fruits of C. monogyna var. odemisii were made by gas chromatographic 
analysis. Folin-Ciocalteu reagent was used for determining the total 
phenolic content, and aluminum chloride was used for determining the 
flavonoid content. Results revealed that there was a statistically significant 
relationship between the antioxidant activities and the phenolic and 
flavonoid contents in the extracts of Hawthorn fruits.  
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INTRODUCTION 
 

 Located in the temperate zone, Turkey has a rich biodiversity, despite its sensitive 

ecosystems because of its geographical location and topographical structure (Güner et al. 

2012). Ecologically sensitive areas are usually defined based on the level of reaction and/or 

adaptability of an area to environmental changes produced by internal and external 

variables (Mingwu et al. 2010; Liang and Li 2012). There are several types and 

combinations of the following ecosystems found in Turkey: wetland, coastal, marine, 

mountain, forest, steppe, and agricultural (Küçük and Ertürk 2013; Şimşek 2014). These 

diverse ecosystems and habitats contribute to the wide range of species that exist in Turkey 

(MOE 2001; Kiziroglu et al. 2006).   

Plants have been used throughout history for food, beverage preparation, medical 

purposes, etc. The use of medicinal plants is being increasingly studied currently as a 

significant factor for improving people's overall health and their positive effects on health. 

These properties are primarily explained in terms of the secondary metabolites formed 

from plants, and their various biological activities (Kaur and Kapoor 2008).  
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The Rosaceae family, one of the largest flowering plant families spreading 

worldwide, is represented by up to 240 species (Dönmez 2014; Dönmez and Özderin 2019; 

eFloras 2023). Although hawthorn (Crataegus spp.) is widely spread in Northern Europe, 

temperate regions of Asia, Africa, and North America, Turkey is an important gene center 

for the Crataegus genus (Dönmez 2014). The genus Crataegus spp. has many species in 

Turkey, and there are ongoing botanical studies on Crataegus species grown in Turkey 

(Dönmez 2004; Dönmez and Özderin 2019). Some features of the genus are polymorphic, 

such as leaf and nucleus morphologies, number of kernels, and fruit color. Polymorphism 

and hybridization are the reasons why there are so many synonyms in the Crataegus 

species (Dönmez 2004). In Turkey, the genus Crataegus comprises 28 taxa (Güner et al. 

2012), corresponding to 25 species (Dönmez 2014), and 10 of which are endemic (Güner 

et al. 2012). Hawthorn (Crataegus L.) is a woody species belonging to the genus that sheds 

its leaves in winter, is rarely semi-evergreen and, is usually in the form of 2 to 5 m bushes 

with multiple branches or trunks, reaching up to 10 m. They usually have thorns, and the 

fruits of most of the species start to ripen from the beginning of autumn to mid-autumn 

(Davis 1972; Seçmen et al. 1989). The leaves may be simple or lobed, and the fruits may 

be yellow, red, purple, or black (Dönmez 2004). Dark reddish fruit is characterized by a 

greenish calyx. Another distinctive feature is the presence of the indumentum, the leaf 

shape, and the denticulate leaves (Dönmez 2004). 

Taxa belonging to the genus Crataegus (Rosaceae), known as “hawthorn”, is one 

of the most common plants traditionally used in the treatment of different diseases, and as 

bio-nutrients, in addition to its use as a fruit tree and for landscape purposes. Various parts 

(leaves, flowers, shoots, fruits, and roots) of the hawthorn (Crataegus) species have been 

used for many years. Hawthorn species’ dried leaves, flowers, and fruits can be prepared 

into a tea and utilized for the treatment of a variety of conditions, including hemorrhoids, 

memory loss, attention deficit, eye bleeding, oral malodor, kidney diseases, high blood 

pressure, cancer, arteriosclerosis, liver pains, coughing, throat inflammation, and heart 

palpitations (Baytop 1994; Edwards et al. 2012; Ku et al. 2015). In Greece and China, 

leaves and fruits of these species are consumed fresh or cooked, and composted, 

marmalade, milk desserts, confectioneries, and sugar bars are used to make vinegar, fruit 

juice, and other soft drinks (Miandji 2010). Although it is not common in Turkey, it is 

available in the market as fresh fruit, vinegar, marmalade, and leaf-flower tea, and people 

also consume it as tea (Altundağ and Öztürk 2011). 

As a plant species that has been used for medicinal purposes and traditional 

medicine for many years, hawthorn is also widely used as a food and beverage. The 

hawthorn species, which are common and traditionally used in folk medicine, contain 

flavonoids, vitamins, saponin, essential oils, organic acids, and procyanidins in their 

flowers and fruits, and therefore have high antioxidant, antimicrobial, antifungal, anti-

inflammatory, and antiviral activities (Ozyurek et al. 2012; Çalışkan et al. 2012; Garcia-

Mateos et al. 2013; Özderin et al. 2016). 

There is a growing interest in medicinal plants and their phenolic content due to 

health benefits when applied for therapeutic purposes. Antioxidant activity is the most 

known bioactivity of phenolic compounds, which helps to prevent or reduce diseases 

associated with oxidative stress (Hiransai et al. 2016). According to numerous scientific 

studies, phenolic compounds have a variety of bioactivities. Moreover, further research is 

needed to understand their main mechanism in the organisms, to improve their sustainable 

bioavailability, increase extraction methods, diversify the areas of application, and ensure 

the establishment of stable procedures (Albuquerque et al. 2021). Many studies indicate 
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great interest in flavonoids, one of the most prominent groups of phenolic metabolites (Su 

et al. 2021). It is generally known that during the extraction procedure, solvents with high 

polarities, such as ethyl acetate and methanol, easily dissolve phenolic compounds of the 

plant, and hence it can be stated that phenolic components are extracted easily (Alara et al. 

2021). Selecting the appropriate solvent system also affects the amount of phenolic 

components extracted and the rate of extraction (Xu and Chang 2007). 

This study aims to determine for the first time the chemical content, total phenolic 

content, total flavonoid content, as well as the antioxidant and antimicrobial activities of 

fruit samples of Crataegus monogyna var. odemisii, to determine the effect of hexane, ethyl 

acetate, and ethanol solvents on the extraction performance. 

  

 
EXPERIMENTAL 
 
Plant Material 
 Fruit samples of Crataegus monogyna var. odemisii Dönmez & Özderin were 

collected from İzmir, Ödemiş-Bozdag, Turkey, during the fruit ripening period (October) 

in 2022. The samples from the plant and its fruits were dried using the herbarium 

techniques, their authenticity was confirmed by Prof. Dr. Ali A. Dönmez, and a voucher 

specimen was kept at the Herbarium of the Hacettepe University (HUB), Turkey. The 

samples were kept in the above-mentioned herbarium. Before the analysis, the harvested 

samples were first allowed to ripen at room temperature for a week. 

 
Methods 
Preparation of extracts and determination of the lipid compositions of fruit pulp and fruit 

seed extracts  

Crataegus monogyna var. odemisii plant and fruit samples were packaged and 

transferred to the laboratory the same day of harvest without exposure to sunlight. The fruit 

parts were dried for about 2 weeks under shade. The dried fruit parts (pulp and seed) were 

ground using a mechanical grinder to obtain its fine powder before the extraction. Briefly, 

the powdered hawthorn samples were extracted separately with solvents of increasing 

polarity. First individual 10 g of hawthorn was taken, and 40 mL of hexane and ethyl 

acetate was added to it. It was extracted with an orbital shaker for 2 weeks at room 

temperature. Then, extraction was continued again for 10 days at 25 °C. After the 

extraction, ethyl acetate, and hexane were evaporated in a rotary evaporator to obtain raw 

extracts. Next, the hexane and ethyl acetate extracts were mixed with methanol and various 

organic solvents were used to perform further extraction. After removing the solvents, raw 

extracts of each solvent were obtained.  

 

GC-MS analysis 

Approximately 100 mg of the hexane extract was mixed with 10 mL of hexane in 

a 20 mL test tube. Following the vortexing for 5 min, 100 µL of solution in 2 N methanol 

(KOH solution) was added. The tube was closed and vortexed for 1 min. After centrifuging 

for 10 min at 4000 rpm, Nagel Chromaphil Xtra was used to filter the upper phase through 

a PTFE - 20/25 0.20 µm filter, then 2.0 µL solution was added into the Agilent 7890A GC-

5975C MS device (Figs. 1 and 2). An ion trap MS spectrometer and a DB-1 fused silica 

non-polar capillary column (30 m × 0.25 mm I.D., film thickness 0.25 µm) were used for 

the GC–MS analyses. The carrier gas was helium with 1.4 mL/min flow rate. The injector 



 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Özderin (2024). “Crataegus extract properties,” BioResources 19(1), 1542-1557.  1545 

and MS transfer line temperatures were 220 and 290 °C, respectively. The ion source 

temperature was at 200 °C. The injection volume was 0.2 µL, with a split ratio of 20:1. EI–

MS measurements were taken at 70 eV ionization energy. The mass range was from m/z 

28 to 650 amu. Scan time was 0.5 s with 0.1 s interscan delays. The initial oven temperature 

was held at 100 °C for 5 min, then increased up to 238 °C with 3 °C/min increments and 

kept at this temperature for 9 min. Identification of components of the hexane extract was 

based on GC retention indices and computer matching with the Wiley, NIST-2008 and 

TRLIB libraries, as well as by comparison of the fragmentation patterns of the mass spectra 

which reported in the literature (Adams 2007). 

  

 
 

Fig. 1. The GC-MS chromatogram of the fruit extracts of C. monogyna var. odemisii; 
(Abundance/retention time) 
 

 
 

Fig. 2. The GC-MS chromatogram of the reference compounds (Abundance/retention time) 

 
Determination of Total Phenolic and Flavonoid Contents 

Folin-Ciocalteu reagent was used in determining the total phenolic content (TPC) 

of the extracts based on the above-mentioned method with small modifications (Chandra 

et al. 2014). Of the test sample, 0.2 mL was added to 0.6 mL of distilled water, together 

with 0.2 mL of Folin-Ciocalteu reagent (1:1). The mixture was stirred for 5 min. Then, 1 

mL of saturated Na2CO3 solution (8% w/v in H2O) was added, and distilled water was 

added to obtain the final volume of 3 mL. The reaction mixture of each sample was 

incubated in complete darkness for 30 min. Next, the blue-colored mixture was centrifuged. 
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Then its absorbance at 765 nm was measured. Pyrocatechol was used to obtain a standard 

curve, and the phenolic content was calculated as pyrocatechol equivalents PE/g of dried 

plant material. Each experiment was repeated three times. The AlCl3 colorimetric method 

was used to determine the total flavonoid content (TFC) of the extracts as described in a 

previous study (Chandra et al. 2014) with small modifications. The calibration curve was 

established using the quercetin standard. As a stock solution, 5.0 mg of quercetin was 

dissolved in 1.0 mL methanol, and pure methanol was added to obtain different serial 

dilutions. Then, 0.6 mL of 2% AlCl3 was added and mixed into 0.6 mL diluted quercetin 

standard solutions or extracts, and the solution was incubated at room temperature for 1 h. 

The absorbance at 420 nm of each mixture was then found against a blank. The calibration 

curve was used for determining the total flavonoid content in test samples in mg quercetin 

equivalent (QE)/g of dried plant. Each experiment was repeated three times. 
 
Antioxidant activity analysis 

 Five different methods used were as follows: ABTS+ (2,2’-azino-bis-(3-

ethylbenzothiazoline-6-sulfonic acid) radical cation, DPPH (2,2-diphenyl-1-picryl 

hydrazylhydrazyl) radical scavenging assay, CUPRAC (cupric reducing antioxidant 

capacity), β-carotene linoleic acid assay, and metal chelation. These methods were used 

for measuring the antioxidant potential of the extracts. Lipid peroxidation inhibition was 

evaluated using a β-carotene-linoleic acid assay as described in another research article 

(Tel-Cayan and Duru 2019). Radical scavenging potentials were measured with the help 

of DPPH and ABTS+, using spectrophotometry as previously explained (Tel et al. 2012). 

CUPRAC was determined using a method described in another study (Apak et al. 2004). 

In the above-mentioned assays, atocopherol and BHA (butylated hydroxyanisole) were 

used as antioxidant standards to compare the activities of the extracts. In the metal chelation 

assay, EDTA molecule was used as the reference compound. In this method, it was 

compared with the value of EDTA to determine the antioxidant activity of the extract 

(Decker and Welch 1990).  

 

Determination of antimicrobial effects 

Antimicrobial activities of pigments extracted from Streptomyces spp. were 

determined by the minimum inhibitory concentration (MIC) method (CLSI 2006). The 

antimicrobial activity of the pigments was studied using standard test bacteria 

Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923, 

Escherichia coli ATCC 25922, Candida albicans ATCC 10239, and Bacillus subtilis 

ATCC 6633. 

The broth microdilution method was used to determine the MIC values of the newly 

obtained pigments against the test microorganisms (CLSI 2006). The MIC tests were 

conducted with Mueller Hinton Broth (MHB) using microplates (Nunc F96 Microwell 

plates, Nunclon Δ, Denmark) for polystyrene culture media kept in a sterilized condition. 

The suspensions at 5 × 105 CFU/mL concentrations were prepared for all tested 

microorganisms. In plaques, the medium was placed on the first row, and the bacteria + 

medium mixture was placed on the second row. For the other rows, 0.200 μL samples of 

extracts and bacteria mixed with the medium were added to the wells to obtain the final 

extract concentrations (0.312, 0.625, 1.25, 2.5, 5, and 10 mg/mL). Bacillus subtilis and S. 

aureus were incubated at 37 ± 0.1 °C, E. coli and P. aeruginosa were incubated at 30 ± 0.1 

°C for 24 h, and C. albicans was incubated at 30 ± .0.1 °C for 24 to 48 h, and the final, 
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turbidity-free clear well was selected for the MIC value. The measurements were repeated 

three times in the study.  
 
 

RESULTS AND DISCUSSION 
 
Lipid Compositions 

In this study, gas chromatography coupled with mass selective detector (GC/MSD) 

systems were used to qualitatively and quantitatively analyze the lipid contents in fruit 

seeds of C. monogyna var. odemisii. Using reference standard substances with certified 

lipid contents, retention times were defined using the NIST 2008 and Wiley 2008 libraries, 

and percentage amounts were calculated. The results of the obtained analysis are shown in 

Table 1. Looking at the lipid content in fruit kernel ethyl acetate extract of C. monogyna, 

21.1% were 9-octadecenal (z), 20.4% were ɣ-sitosterol, and 20.3% were β-monolinolein 

components, whereas C. monogyna fruit parts in hexane extract had lipid contents of 49.3% 

linoleic acid, 30.6% oleic acid, and 10.5% palmitic as major components, as shown in 

Table 2. 

There has been great interest in medicinal aromatic plants, which play an important 

role, particularly in human nutrition. They have been used in the treatment of diseases since 

ancient times. Wild fruits, well adapted to local climatic conditions, contain a high content 

of phytochemicals (Calışkan et al. 2012; Özyürek et al. 2012; Özderin et al. 2016; Özderin 

2022). As a result of different extraction methods, the chemical components of hawthorn 

species have been determined in various studies. Hawthorn leaves, flowers, and fruits 

contain various chemical components, such as flavonoids (0.1% to 1% in fruits, 1% to 2% 

in flowers or leaves), triterpene acids (0.5% to 1.4% in fruits), oligomeric 

proanthocyanidins (OPCs, 1% to 3% in flowering leaves of fruits), organic acids (2% to 

6%), sterols, and trace amounts of cardioactive amines. Of these components, flavonoids 

and OPCs constitute the two main groups of bioactive components (Bechkri et al. 2017). 

In the seed oil of C. monogyna Jacq., 10 components were identified. The major 

components of C. monogyna seed oil were linoleic acid (44.2%), and oleic acid (28.3%). 

According to the results, the seed oils of C. azarolus L. contain tetradecamethyl-

cycloheptasiloxane (39.4%), mandelic acid, 3,4-dihydroxytetramethylsilyl (19.2%), 

dodecamethylcyclohexasiloxane (17.1%), and decamethylcyclopentasiloxane (10.6%). In 

the evaluation of the chemical content in fruit kernel ethyl acetate extract of C. monogyna 

var. odemisii, 21.1% were 9-octadecenal(z), 20.4% were ɣ-sitosterol, 20.3% were β-

monolinolein components, and the hexane extract of the C. monogyna fruit parts had 49.3% 

linoleic acid, 30.6% oleic acid, 10.4% palmitic acid as major components, which were 

similar to the study by Bechkri et al. (2017), who found linoleic acid (44.2%), oleic acid 

(28.3%), and palmitic acid (6.56%) in C. monogyna fruit parts samples. 

 

Table 1. Lipid Composition of Methyl Esters in the Fruit Seeds of C. monogyna 
var. odemisii fruit parts (Ethyl Acetate Extracts)  

Compounds  
Percentage (%) 

 
Retention Time 

9,12-Octaderadienoic acid 6.90 37.5 

9,17-Octadecadienoic acid 5.01 37.8 

15-Hydroxy-pentadecanoic acid 2.28 38.4 

β-Monolinolein 20.3 42.7 
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9-Octadecenal(z) 21.1 42.9 

Cyclotetracosane 4.74 43.9 

Eicosane 16.0 49.3 

α-Tocopherol (Vitamin E) 3.23 53.1 

ɣ-Sitosterol 20.4 56.5 

 

Table 2. Lipid Composition of Methyl Esters in the Fruit of C. monogyna var. 
odemisii (Hexane Extracts)  

Compounds Percentage (%) Retention Time 

Lauric 0.24 9.5 

Palmitic Acid 10.5 22.3 

Linoleic 49.6 27.3 

Oleic Acid 30.6 27.6 

Elaidic 0.59 27.8 

Stearic Acid 2.43 28.6 

Eicosanoic Acid 1.28 34.4 

Icosane(Eicosane) 4.88 49.3 

 
Total Phenolic and Total Flavonoid Contents 

Phenolic and flavonoid compounds are among the important classes of bioactive 

components in plants, which are known to have antioxidant activities (Bahorun et al. 2003). 

Flavonoids are a class of polyphenolic compounds found almost everywhere in plants. 

Because of their myriad pharmacological activities, ranging from antioxidant capacity to 

protective activity against diseases, such as cancer, diabetes, inflammation, and chronic 

diseases, flavonoids are by far the most studied secondary plant metabolite classes 

(Habtemariam and Varghese 2014). The total phenolic and total flavonoid contents in the 

fruit parts of C. monogyna var. odemisii extracted with three different solvents (hexane, 

ethyl acetate, and ethanol) are presented in Table 3. According to the results of the total 

phenolic-flavonoid analysis, the extract with the highest phenolic and flavonoid contents 

was ethanol extract (204.4 ± 0.86 mg PEs/g and 77.83 ± 0.84 mg QEs/g).  

The phenolic compounds in plants are mostly associated with bioactivity resulting 

from the synergistic or additive effect of different classes of compounds found in plant 

extract (Ramful et al. 2011). Various studies have reported that the total phenolic content 

in different extracts from C. monogyna flowers and leaves ranges from 108.6 to 343.5 mg/g 

GAE/g (Öztürk and Tuncel 2011). The total phenolic and flavonoid contents of C. azarolus 

leaf extracts were 38.2 to 396.0 mg GAE/g and 2.12 to 32.6 mg QE/g, respectively (Amel 

et al. 2014). The amount of TPC of hawthorn fruits extracts ranged from 21.2 to 69.1 mg 

GAE/g (Alirezalu et al. 2020).  

 

Table 3. Total Phenolic and Total Flavonoid Contents of the Extracts 

Crataegus monogyna var. 
odemisii 

 
 

TPC (mg PEs/g 
Dry Extract 

Weight) 

 TFC (mg QEs/g 
Dry Extract 

Weight) 

E
x

tr
a

c
ts

 Hexane 25.14 ± 0.51 12.15 ± 0.58 

Ethyl 
acetate 

165.7 ± 0.93 55.46 ± 0.65 

Ethanol 204.4 ± 0.86 77.83 ± 0.84 
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Given the many pharmacological effects of phenolic compounds, the antioxidant 

effects of phenolic compounds have been demonstrated in several experimental studies. 

Different results have been obtained in studies where the total amount of phenolic 

substances contained in the fruit of different hawthorn species was examined. For example, 

Ercisli et al. (2015) noted that the TPC of 18 different hawthorn varieties extracted with 

acetone:water:acetic acid (70:20.5:0.5) mixture was in the range of 660 to 3460 mg GAE 

100 g-1 of fresh weight. Similarly, Çalışkan et al. (2012) determined that the TPC in 

methanol extraction of 15 different hawthorn varieties varied in the range of 26.6 to 57.1 

mg GAE g-1 dry weight, while Mraihi et al. (2013) determined that the phenolic substance 

content in extractions with methanol:water (80:20) mixture in C. monogyna and C. 

azarolus pulps were 122.3 and 60.9 mg GAE 100 g-1 dry weight. 

Tahirovic and Basic (2014) used water, 50% methanol and 50% ethanol, 80% 

methanol, 80% ethanol, pure ethanol, and pure methanol for extractions, and determined 

the highest TPC in C. monogyna species as 4.60 mg GAE g-1 fresh fruit using 80% 

methanol, and noted that phenolic substance amounts were 2.02, 4.18, and 3.01 mg GAE 

g-1 fresh weight, using water, 50% methanol, and pure methanol, respectively. In another 

study, it was recorded that the TPC of C. oxyacantha hawthorn fruit extracts in ethanol, 

ethanol:water, methanol, methanol:water, and water extractions were 2.12, 19.32, 18.21, 

30.63, and 24.89 mg  gallic acid equivalent g-1, respectively (Kostic et al. 2012). 

In another study, it was determined that phenolic compounds from C. orientalis 

fruit were better extracted in methanol:water mixture and that antioxidant activity was 

higher in this extract (Çoklar and Akbulut 2016). Many research studies examined the 

compound and antioxidant capacity for several Crataegus species parts, including leaves, 

fruits, and flowers (Bernatoniene et al. 2008; Bouzid et al. 2011). Some experimental 

studies determined the fruit antioxidant activities of Crataegus species of different origins 

(Bahorun et al. 2003; Pliszka et al. 2016; Cosmulescu et al. 2017). According to the results 

of these studies, antioxidant activity was mainly associated with phenolic procyanidinine 

and flavonoid contents (Ljubuncic et al. 2005, and to a lesser extent total phenols (Bahorun 

et al. 2003). Another study found that the highest concentration of flavonoids in ethyl 

acetate extracts of C. monogyna leaves and fruits were 122.98 ± 0.21 and 58.81 ± 0.12 mg 

RU/g dry weight, respectively, while the lowest concentration of flavonoids in chloroform 

extracts of leaves and fruits were 36.01 ± 0.16 and 21.11 ± 0.11 mg RU/g dry weight, 

respectively, and the amount of flavonoid content extracted was following this order: ethyl 

acetate > ethanol > chloroform. In the same study, they determined that the phenolic 

content of C. monogyna Jacq varied in the range of 38.05 ± 0.18 to 152.87 ± 0.11 mg 

GAE/g dry weight in fruit samples, and in the range of 83.36 ± 0.21 to 365.11 ± 0.32 mg 

GAE/g dry weight in the leaf samples (Dekic et al. 2020). In the Eastern region of Algeria, 

polyphenol and flavonoid values in samples of C. monogyna fruit were determined as 43.9 

mg EAG/mg and 5.41 μg EQ/mg, respectively (Bouzi et al. 2011). According to the results 

of the total phenolic and flavonoid analysis in C. monogyna var. odemisii fruit samples, it 

was determined in this study that ethanol extract led to the highest phenolic and flavonoid 

component contents (204.4 ± 0.86 mg PEs/g and 77.83 ± 0.84 mg QEs/g). When compared 

the studies with other hawthorn species in the literature, it is seen that C. monogyna var. 

odemisii fruit samples have higher phenolic and flavonoid contents. 

 
Antioxidant Activity Results 

All tested extracts of C. monogyna var. odemisii fruit samples had strong 

antioxidant activity. Of these extracts, ethanol extract, in particular, showed a higher 
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activity than BHA and α-tocopherol, which are used as standard antioxidants in DPPH, 

ABTS, and CUPRAC tests. Ethanol extract showed antioxidant activities with 1C50 values 

of 18.31 ± 0.45 μg/mL in the DPPH test, 9.25 ± 0.36 μg/mL in the ABTS test, 15.74 ± 0.55 

μg/mL in the CUPRAC test, and 52.80 ± 0.90 μg/mL in metal chelating assay. In the same 

tests, ethyl acetate extract showed antioxidant activity with IC50 values of 18.48 ± 0.34 

μg/Ml, in the DPPH test, 13.51 ± 0.70 μg/mL in the ABTS test, 22.30 ± 0.80 μg/mL in the 

CUPRAC test, and 81.20 ± 0.75 μg/mL in metal chelating assay, and hexane extract in 

showed antioxidant activity of 125.5 ± 1.37 μg/mL in the DPPH test, 107.5 ± 1.20 μg/mL 

in the ABTS test, 121.1 ± 1.18 μg/mL in the CUPRAC test. Table 4 shows the results of 

the antioxidant activity of the samples. According to these results, it is believed that ethanol 

extract can be used as a potential antioxidant. 

  

Table 4. Antioxidant Activity of the Extracts Using β-Carotene-linoleic acid, 
ABTS•+, DPPH•, CUPRAC, and Metal Chelating Assays a 

Antioxidant Activity 

 
 

β-
Carotene-

linoleic Acid 
Assay 

DPPH• Assay ABTS•+ 

Assay 
CUPRAC 

Assay 
Metal 

Chelating 
Assay 

IC50 

(µg/mL) 
IC50 

(µg/mL) 

IC50 

(µg/mL) 

A0.50 

(µg/mL)c 

IC50 

(µg/mL) 

E
x
tr

a
c
ts

 

Hexane 
45.35 ± 

0.75 
125.5 ± 1.37 107.5 ± 1.20 121.1 ± 1.18 > 200 

Ethyl acetate 
18.48 ± 

0.34 
24.50 ± 0.95 13.51 ± 0.70 22.30 ± 0.80 81.20 ± 0.75 

Ethanol 
10.55 ± 

0.20 
18.31 ± 0.45 9.25 ± 0.36 15.74 ± 0.55 52.80 ± 0.90 

S
td

 α-Tocopherol 2.15 ± 0.05 38.15 ± 0.45 35.50 ± 0.56 60.33 ± 0.75 NTb 

BHA 1.45 ± 0.04 19.80 ± 0.33 12.80 ± 0.08 25.50 ± 0.43 NTb 

EDTA NTb NTb NTb NTb 5.50 ± 0.45 
a Values represent the means ± SEM of three parallel sample measurements (p < 0.05) 
b NT: not tested 
cA0.50 values represent the means ± S.E. of three parallel measurements (p < 0.05)  
 

Antioxidant activities of Crataegus species (C. oxyacantha, C. orientalis, C. aronia 

syn. azarolus, C. monogyna, C. meyeri, and C. pontica) have been reported. An ethanol 

extract of C. orientalis leaves has been shown to have good activity according to the DPPH 

radical scavenging experiment (62.9% at 10 mg/mL ± 3.40%), and β-carotene bleaching 

experiment (42.4% at 1 mg/mL) (Bor et al. 2012). The antioxidant activities of methanol 

extracts from flowers and leaves of 14 Crataegus spp. in different regions of Turkey were 

examined using different experiments. And CUPRAC (cupric reducing antioxidant 

capacity), ABTS/persulfate, FRAP (Ferric Reducing Antioxidant Power), and Folin 

experiments showed that the most active was the C. pentagyna leaf extract, compared to 

the Crataegus extracts (TEACCUPRAC = 0.378 ± 0.004, TEACFRAP = 0.132 ± 0.001, 

TEAC Folin = 0.752 ± 0.201 mmol TR g-1, TEACABTS = 0.423 ± 0.112). It was stated 

that the antioxidant activities of C. pentagyna flowers and leaves reduce copper and iron 

ions, Folin reagent and ABTS radical cation. In the same study, they determined the total 

antioxidant capacities (TAC values) values of the leaves and flowers of different Crataegus 

species obtained from different regions as Folin > CUPRAC > ABTS/TEAC > FRAP. It 
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was found that C. monogyna samples showed a high antioxidant activity, which was 

attributed to flavonoids and procyanidin contents (Özyürek et al. 2012). Çalışkan et al. 

(2012) determined that the antioxidant activity results of fruit extracts obtained from 

different hawthorn taxa ranged from 21.4% to 33.2%. In CUPRAC analysis, determined 

that leaves of Hawthorn (C. monogyna) have the highest activity with a value of 4.30±0.98 

µmol Trolox equivalents/g sample (Ceylan et al. 2019). The antioxidant activities of 

hawthorn fruit extract from a study of three antioxidant study techniques showed that ECE 

had statistically reliably stronger activity in free radical scavenging. Using different 

procedures to get different indices of the antioxidant activity of the same product allows 

one to assume that distinct chemical components are involved in the inactivation of free 

radicals in DPPH·, ABTS·+, or TNI (Bernatoniene et al. 2008). According to numerous 

studies, the total phenolic and flavonoid content of many plant species varied depending 

on the polarity of the solvents used for the extraction (Zhou and Yu 2004; Mohsen and 

Ammar 2009). However, it has been stated in different studies that even some small 

morphological differences that Crataegus species can lead to different chemical content 

and antioxidant capacity (Özyürek et al. 2012). 
 

Antimicrobial Effects 
According to the result of the minimum inhibitory activity (MIC) test of C. 

monogyna var. odemisii, the highest antimicrobial activity against on C. albicans was 

achieved by 0.625 mg/mL of ethanol extract, 1.25 mg/mL of ethyl acetate extract, and 2.5 

mg/mL of hexane extract. MIC values ranging from 0.625 to >10 mg mL was observed in 

our test in microorganisms (Table 5). Low MIC values are the desired result. Because it is 

known that the lower this value is, the lower the concentration of it is effective against the 

relevant microorganisms. According to the results, the extracts contain higher 

antimicrobial activity against Gr+ bacteria than Gr- bacteria. Especially, hexane extracts 

with a concentration of 1.25 mg/mL on B. subtilis and S. aureus had an inhibitory effect. 

Consistent with the results obtained in the study, other studies have identified the 

activity of leaf ethanol extract of C. monogyna against common pathogens of S. aureus, E. 

coli, and P. aeruginosa. They found that the MIC of ethanol extract of C. monogyna leaves 

was in the range of 0.512 to 1.024 mg/mL against S. aureus but was inactive against E. coli 

and P. aeruginosa (Belabdelli et al. 2022). They determined that the MIC of C. elbursensis 

fruit flesh ranges between 5 to 10 mg/mL and minimum bactericidal concentration (MBC) 

values vary between 5 and 20 mg/mL, while the bacteriostatic activity of C. elbursensis 

seed extracts of fruit kernel varies between 10 and 40 mg/mL (Salmanian et al. 2014). They 

found that the highest antibacterial activity in methanol extracts of C. monogyna leaves 

had a 12-mm inhibition zone and a MIC value of 0.625 mg/mL against S. aureus. Methanol 

extracts of C. monogyna leaves had activity against Enterobacter aerogenes (10-mm 

inhibition zone, 1.25 mg/mL MIC value), E. coli (10-mm inhibition zone, 1.25 mg/mL 

MIC value), and methanol and water extracts of leaves had activity against E. coli and S. 

aureus (1.25 and 0.625 mg/mL MIC values, respectively) (Yigit et al. 2014). Although the 

solvents in the present study were not the same, the findings were similar. In another study, 

C. tanacetifolia (Lams) Press and C. bornmuelleri Zabel samples had varied, widely 

intermittent antimicrobial activity against certain human and plant pathogenic microbes 

and food toxic substances (Yigit et al. 2014). In another study, regarding the evaluation of 

the antibacterial activity of ethanol extracts of C. monogyna leaves, the MIC against S. 

aureus was in the range of 0.512 to 1.024 mg/mL and it was inactive against E. coli and P. 

aeruginosa and MIC values ranging from 0.625 to >10 mg mL were observed to test 
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microorganisms (Güven et al. 2006). Upon comparison of the results from this study with 

the literature, the author’s results were consistent with the previous studies (Güven et al. 

2006; Belabdelli et al. 2022). 

In this study, the phenolic content of the extracts of C. monogyna var. odemisii fruit 

samples were determined for the first time and it was found that the strong antioxidant and 

antimicrobial activities were associated with a high content of chemical components, 

phenolic, and flavonoid compounds. 
 

Table 5. The MIC Test Results of C. monogyna var. odemisii Fruit Extracts  

Microorganism 
MIC Extracts (mg/mL) 

Ethyl Acetate Ethanol Hexane 

S. aureus 
ATCC25923 

2.5 1.25 1.25 

Bacillus subtilis 
ATCC 6633 

5 2.5 1.25 

E. coli 
ATCC25922 

10 10 5 

P. aeruginosa 
ATCC27853 

˃ 10 ˃ 10 ˃ 10 

C. albicans 
ATCC10239 

1.25 0.625 2.5 

 

 
CONCLUSIONS 
 

1. In this study, it was found for the first time the fruit extracts of C. monogyna var. 

odemisii contain phytochemicals that are important for health. The findings showed 

that the fruit extracts of C. monogyna var. odemisii contained noticeable levels of 

lipid components, flavonoids, and phenols. Based on its chemical composition it 

can be utilized in medicine and food industry, pharmaceutical applications as a 

natural source of antioxidants, antimicrobials, and functional food/additives 

production  

2. Consequently, the consideration of the morphological differences and ecological 

preferences of Crataegus monogyna var. odemisii should be assigned to ‘sensitive 

variety’, and there is no information about the phytochemicals of C. monogyna var.   

odemisii in litarature which restricts the range of its uses. The data obtained at the 

end of this study will hopefully contribute to the literature and thus increase the 

usage areas of hawthorn species, nothing is known about the phytochemicals of C. 

monogyna var. odemisii, which restricts the range of its uses. The data obtained at 

the end of this study will hopefully contribute to the literature and thus increase the 

usage areas of hawthorn species. 
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