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1. Introduction 

One of the most common dental diseases is den-

tal caries, and cariogenic bacteria such as Strep-

tococcus mutans are an important factor in the 

onset  and progression of this disease (1). This 

pathogen, with its ability to synthesize sucrose 

from water-insoluble glucan by Gtf enzyme and 

consequently, the accumulation of acid-

producing bacteria such as Lactobacillus aci-

dophilus, reduces the pH of the mouth, which in 

turn causes oral caries (2, 3). Treatment of caries 

at the beginning of the disease is of great im-

portance, and the prescription of antibiotics is 

Abstract 

 
Background: One of the factors involved in tooth decay is pathogenic bacteria, which due to the 

development of antibiotic resistance in them, it is necessary to invent new treatment options. 

One of these therapeutic approaches is to investigate the potential of medicinal plant extracts 

with antibacterial properties against pathogenic bacteria that cause tooth decay. 

Objectives: Therefore, in the present study, the antimicrobial effects of aqueous, ethanolic and 

methanolic extracts of Citrullus colocynthis (bitter apple) were studied on pathogens isolated 

from dental infections.  

Methods: Aqueous, ethanolic and methanolic extracts of bitter apple fruit were prepared and 

their total phenol content, total flavonoid content and antioxidant capacity were studied. In the 

next step, two clinical isolates of Streptococcus mutans and Bacillus subtilis were exposed to 

different extracts of bitter apple fruit to check the antibacterial effects based on disc diffusion 

method. Broth microdilution method was used to determine MIC.  

Results: Ethanol extract of bitter apple fruit showed the highest content of total phenol, total 

flavonoid and antioxidant capacity equivalent to ascorbic acid. All the extracts showed antibac-

terial effects on the isolates in the disc diffusion test. The MICs of aqueous, ethanolic and meth-

anolic extracts of bitter apple fruit against the clinical isolate of S. mutans were estimated to be 

4000, 1000 and 2000 µg/ml, respectively, and all these extracts showed an MIC equal to 2000 

µg/ml against B. subtilis. The MBCs of aqueous, ethanolic and methanolic extracts of bitter ap-

ple fruit were estimated to be 8000, 2000 and 4000 µg/ml against the clinical isolate of S. mu-

tans isolated from decayed teeth, and against B. subtilis MBC was measured to be 8000, 4000 

and 8000 µg/ml respectively.  

Conclusions: Ethanolic extract of bitter apple has the potential to be used in combating bacteria 

caused dental infection.  
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of great importance, and the prescription of antibi-

otics is recommended by dentists. 

Treatment of caries at the beginning of the disease 

is of great importance, and the prescription of anti-

biotics is recommended by dentists. However, 

these bacteria have become resistant to many anti-

biotics in recent years (4), and therefore the devel-

opment of new therapeutic approaches is of great 

importance. 

Prevention of dental decay by medicinal plants has 

attracted the attention of researchers in recent 

years, as they have fewer side effects and reduce 

the risk of developing drug resistance (5). Bitter 

apple, scientifically known as Citrullus colocyn-

this, is a member of the Cucurbitaceae family that 

grows mostly in arid regions of the world, especial-

ly in Iran, and has a wide range of pharmacological 

effects due to its bioactive compounds (6). For ex-

ample, this plant is used in the treatment of diseas-

es such as diabetes, asthma, jaundice, cancer, bron-

chitis, and joint pain (6). The most abundant bioac-

tive component found in various parts of the plant, 

including the fruit, is quercetin (7). Moreover, this 

plant is rich in phenolic compounds, coumarins, 

and alkaloids (8), and its antimicrobial effects 

against various pathogens have been reported. For 

example, ethanolic extract of bitter apple showed 

antibacterial effects against Bacillus subtilis and 

Staphylococcus aureus, as well as Klebsiella pneu-

moniae (9). Interestingly, the ethyl acetate extract 

of this plant exerted antibacterial effects against a 

range of Gram-positive and Gram-negative bacteria 

and had an MIC of 0.0625 mg/mL against Bacillus 

cereus (10). Therefore, it seems that the fruit ex-

tract of the bitter apple plant has the potential for 

therapeutic use in combating a variety of bacterial 

infections leading to dental caries. Therefore, the 

present study was conducted to investigate the anti-

microbial effects of aqueous, ethanolic, and meth-

anolic extracts of the bitter apple on pathogens iso-

lated from dental infections. 

2. Materials and Methods  

2-1 Preparation of Plant Materials  

The fruits of Bitter apple (C. colocynthis) plant 

were obtained from the Research Institute of For-

ests and Rangelands in Iran. They were then dried 

in a room at 25°C under shaded conditions for one 

week and stored. 

2-2 Preparation of aqueous, methanolic and eth-

anolic extracts 

2.2.1. Preparation of aqueous extract 

To prepare the aqueous extract, 20 g of bitter apple 

fruit powder was added to 150 ml of distilled water 

and gently heated for 15 minutes. Then, the mix-

ture was filtered through Whatman filter paper and 

the solution was centrifuged at 5000g for 10 

minutes and the supernatant was collected. 

2.2.2. Preparation of ethanolic and methanolic 

extracts  

To prepare the ethanolic extract, 20 g of dried fruit 

powder was extracted separately with 150 ml of 

ethanol or 80% methanol as the solvent for 8 hours 

using Soxhlet equipment. The extract was then fil-

tered and allowed to evaporate in an oven at 45°C. 

The dried extract was dissolved in dimethyl sulfox-

ide (DMSO) and stored in the refrigerator for fur-

ther use. 

2-3 Total phenol content  

The total phenol content was determined using the 

Folin–Ciocalteu method (11). A 125 μl aliquot of 

the extract was mixed with 375 μl of water and 2.5 

ml of 10% Folin reagent. After six minutes, 2 ml of 

7.5% sodium carbonate was added to the resulting 

mixture. The absorbance of the reaction mixture 

was measured after 90 minutes of storage in the 

absence of light at a wavelength of 765 nm using a 

spectrophotometer (Unico, USA). Finally, the total 

phenol content was calculated from the standard 

curve and expressed in terms of milligrams of gal-

lic acid equivalent per gram of dry matter.  

2-4 Total flavonoid content  

A colorimetric method using AlCl3 reagent was 

employed to estimate the total flavonoid content 

(TFC) (12). Two mL of aluminum trichloride (2% 

w/v) was mixed with 2 mL of the extract solution. 

After a 10-minute incubation at room temperature, 

the absorbance was read at 415 nm against a blank 

(a mixture of 2 mL of extract solution and 2 mL of 

ethanol). A quercetin calibration curve (10–100 μg/

mL) was used to determine the TFC of each ex-

tract. 
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2-5 Antioxidant capacity of the extracts  

The ability of the extracts to scavenge stable DPPH 

radicals was determined as described by the Blois 

method with minor modifications (Blois, 1958). 

For this purpose, 2 mL of DPPH ethanol solution 

(0.2 mM) was added to 0.1 mL of each extract so-

lution at different concentrations. The reaction 

mixture was incubated for 30 minutes at 28°C in 

the dark. Absorbance was measured spectrophoto-

metrically at 517 nm. The percentage of DPPH in-

hibition was estimated using the following formu-

la: 

Effectiveness= A0-A1/A0*100 

Where A0 and A1 are the absorbance of blank and 

extracts, respectively. Ascorbic acid was used as a 

positive control. 

2-6 Preparation of dental caries pathogens  

In the present study, two clinical isolates of Strep-

tococcus mutans and Bacillus subtilis bacteria iso-

lated from dental caries samples were used. The S. 

mutans isolate was resistant to penicillin, amoxicil-

lin, gentamicin, imipenem, and doxycycline antibi-

otics, and the B. subtilis isolate was resistant to all 

of the aforementioned antibiotics except doxycy-

cline.  

2-7 The antibacterial activity of Extracts  

The disk diffusion method was used to study the 

antibacterial effects of bitter apple fruit extracts. 

For this purpose, after culturing bacteria in broth 

agar medium and allowing colony formation, a col-

ony was selected from the culture and placed on 

Mueller-Hinton agar. Then, 50 μL of concentra-

tions (10, 500, 1000, 2000, and 4000 μg/mL) of 

extracts were applied to blank disks. After one day, 

these disks were placed on Mueller-Hinton agar at 

equal intervals. The plate was then incubated at 37°

C. Ciprofloxacin was used as a positive control. 

2-8 Minimum inhibitory and bactericidal con-

centrations  

The determination of the minimum inhibitory con-

centration (MIC) of the fruit extracts was deter-

mined according to the standard microdilution 

method following the guidelines of the Clinical and 

Laboratory Standards Institute (13). A colony of 

the test strain was inoculated into 2 mL of steri-

lized autoclaved Luria-Bertani (LB) medium and 

incubated at 37°C with shaking at 200 rpm over-

night. The culture was then grown to the exponen-

tial growth phase, and the bacteria were diluted to 

10⁸ CFU/mL in LB medium. 

Next, the fruit extracts of bitter apple were added 

in serial concentrations (500 to 8000 μg/mL) in 96-

well plates (127.71 mm x 85.43 mm). The 96-well 

plates were prepared by distributing 50 μL of 

Mueller-Hinton broth for bacteria into each well. 

150 μL of the stock solution of the tested extracts 

(concentration 8000 mg/mL) was added to the first 

row of the plate. Twofold serial dilutions were then 

performed using a micropipette. The concentration 

range obtained was from 500 to 8000 mg/mL, and 

10 μL of inoculum was added to each well, except 

the positive control. The plant extract alone was 

used as the positive control, and the inoculum 

alone was used as the negative control. The test 

plates were incubated at 37°C for 18 hours. 

After 18 hours, 50 μL of 0.01% 2, 3, 5-

triphenyltetrazolium chloride (TTC) solution was 

added to the wells, and the plate was incubated for 

another hour. Since the colorless tetrazolium salt is 

converted to a red product by biologically active 

bacteria, growth inhibition was detectable when the 

solution in the well remained clear after incubation 

with TTC. The MIC was defined as the lowest con-

centration of the sample without color change 

(clear), indicating complete growth inhibition. 

Finally, 10 μL of a well that showed no bacterial 

growth and higher concentrations were taken and 

cultured on an agar-containing medium for one 

night. No bacterial growth at the lowest concentra-

tion t was considered the minimum bactericidal 

concentration (MBC). 

2-9 Statistical Analysis  

GraphPad Prism version 8 software was used for 

data analysis and graphing. All data are presented 

as mean ± standard deviation. The ANOVA test 

was used for data analysis. 

3. Result 

3-1 Total phenols and flavonoids of extracts  

The total phenol content of the ethanolic extract of 

bitter apple (34.34 ± 6.06 mg gallic acid/g dry 

weight of extract) was significantly higher than 

that of the aqueous extract (22.89 ± 7.94 mg gallic 

acid/g dry weight of extract; P=0.049).  

Citrullus colocynthis (bitter apple) extracts and dental infection pathogens 
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Figure 1: Total phenols (a) and flavonoids (b) contents of aqueous, ethanolic and methanolic extracts of bitter apple fruit 

(n=3).  

However, there was no significant difference in the 

total phenol content of the ethanolic extract of bit-

ter apple fruit compared with the methanolic ex-

tract (P= 0.105; 24.78 ± 6.14 mg gallic acid/g dry 

weight of extract, Figure 1a). 

The results also indicated that the total flavonoid 

content of the ethanolic extract of bitter apple was 

significantly higher than both its aqueous 

(P<0.001) and methanolic (P<0.0001) extracts. 

However, no significant difference was observed 

between the aqueous and methanolic extracts in 

terms of total flavonoid content (P=0.804; Figure 

1b). 

3-2 Antioxidant activity  

In this study, the DPPH method was used to deter-

mine the antioxidant potential of aqueous, ethanol-

ic, and methanolic extracts, and the results are 

shown in Figure 2. The results indicated that there 

was a concentration-dependent antioxidant activity 

of extracts, as the concentration of the extracts in-

creased, the free radical scavenging activity in-

creased. Also, comparing the antioxidant activity 

of the extracts showed that ethanolic extract of bit-

ter apple fruit at low concentrations led to greater 

inhibition of DPPH free radicals and had a DPPH 

free radical scavenging potential equal to ascorbic 

acid (Figure 2). 

3-3 Antibacterial activity  

The antibacterial effects of aqueous, ethanolic and 

methanolic extracts of the bitter apple against clini-

cal isolates of S. mutans and B. subtilis isolated 

from dental caries were studied by the disk diffu-

sion method and the results are given in Table 2. 

As can be seen, all three extracts showed antibacte-

rial effects against clinical isolates. However, the 

ethanolic extract of this plant at a concentration of 

4000 μg/ml had the greatest effect on S. mutans 

(diameter of the zone of inhibition: 17 mm) and the 

methanolic extract at a concentration of 4000 μg/

ml showed the greatest antibacterial effects on B. 

subtilis. 
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Figure 

2: The antioxidant activities of different concentrations of aqueous, ethanolic and methanolic extracts of bitter apple 

against DPPH free radical. Ascorbic acid was used as control.  

Table 1: The diameters of the growth inhibition zone of clinical isolates of S. mutans and B. subtilis exposed with the 

aqueous, ethanolic and methanolic extracts of bitter apple fruit  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Extract/concentration (μg/ml) Streptococcus mutans Bacillus subtilis 

Aqueous     

10 0 0 

500 0 0 

1000 3 2 

2000 7 8 

4000 13 11 

Ethanolic     

10 0 0 

500 2 4 

1000 6 5 

2000 12 10 

4000 17 14 

Methanolic     

10 0 0 

500 0 2 

1000 4 6 

2000 8 11 

4000 13 15 

Citrullus colocynthis (bitter apple) extracts and dental infection pathogens 
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Table 2: The minimum inhibition and bactericidal concentrations of the aqueous, ethanolic and methanolic extracts of 

bitter apple fruit against clinical isolates of S. mutans and B. subtilis  

 

 

 

 

 

3-4 MIC and MBC  

The MICs of aqueous, ethanolic and methanolic 

extracts of the bitter apple against clinical isolates 

of S. mutans were estimated to be 4000, 1000 and 

2000 μg/mL, respectively, and all these extracts 

showed an MIC of 2000 μg/mL against B. subtilis 

(Table 2). 

The MBCs of aqueous, ethanolic and methanolic 

extracts of bitter apple against clinical isolates of 

S. mutans were estimated to be 8000, 2000 and 

4000 μg/mL, respectively, and the MBC against B. 

subtilis was measured to be 8000, 4000 and 8000 

μg/mL, respectively (Table 2). 

4. Discussion 

In this study, the antibacterial effects of aqueous, 

ethanolic, and methanolic extracts of bitter apple 

fruit were studied on two clinical isolates of S. mu-

tans and B. subtilis, and the findings indicated that 

all three extracts had antibacterial effects against 

pathogens causing dental infections. However, S. 

mutans was more sensitive to the ethanolic extract 

and the methanolic extract affected strongly B. 

subtilis isolate. The antibacterial and bactericidal 

effects of bitter apple have been reported in other 

studies (14, 15), which are similar to the findings 

of the present study. It seems that the presence of 

flavonoids in bitter apple extract can explain the 

antibacterial effects observed in this study. In addi-

tion, flavonoids in bitter apple fruit extracts were 

also shown in other studies (16), and the findings 

of the present study also confirmed the presence of 

flavonoids in aqueous, ethanolic, and methanolic 

extracts of bitter apple. However, Chawech et al. 

(2015) reported that flavonoids were not detected 

in the ethanolic extract of bitter apple fruit (14), 

which is contrary to the findings of the present 

study. These differences can be attributed to the 

different variety of bitter apple in the present study 

compared to the variety used in their study. Also, 

some chemical compounds belonging to the iri-

doids and alkaloids categories can be involved in 

the antibacterial activity of bitter apple fruit ex-

tracts. It is worth noting that in the present study, it 

was found that the type of bitter apple extract af-

fects the antibacterial activity and it was found that 

the ethanolic extract can be more strongly associat-

ed with the inhibition of S. mutans. This finding is 

also similar to the findings of the study by Najafi et 

al. (2010) in which they showed that the ethanolic 

extract of bitter apple fruit has stronger inhibitory 

effects compared to the aqueous extract against 

Staphylococcus aureus (17). In another study, the 

acetone extract of bitter apple leaves inhibited the 

growth of gram-positive and gram-negative bacte-

ria such as S. marcescens, K. pneumoniae, and S. 

aureus, as well as Escherichia coli (18). However, 

the MIC and MBC of the bitter apple fruit extracts 

measured in the present study against the two path-

ogens were lower than those in the above study, 

which can be attributed to the type of bacterial spe-

cies. 

In the present study, the ethanolic extract showed 

stronger antibacterial activity against clinical iso-

late of S. mutans, which could reflect the preferen-

tial solubility/extraction properties of the phyto-

chemicals presented in ethanol versus aqueous/

methanol solvents. However, the methanolic ex-

tract was more active against B. subtilis compared 

to the aqueous extract. 

Sayyad Ahmad Reza Amini et al. 

Pathogens Ethanolic Aqueous Methanolic 

MIC 

S. mutans 1000 4000 2000 

B. subtilis 2000 2000 2000 

MBC 

S. mutans 2000 8000 4000 

B. subtilis 4000 8000 8000 
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5. Conclusion 

In general, it is concluded that the ethanolic extract 

of the bitter apple fruit has strong antibacterial ef-

fects against S. mutans and its methanolic extract 

has strong antibacterial effects against B. subtilis. 

Therefore, these extracts, especially the ethanolic 

extract, can be prescribed as a strategy for prevent-

ing dental infections. However, clinical studies are 

needed in this regard.  
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