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Screening of Chalcones for Antimicrobial Activity 

Leong Fui Lin 

Resource Biotechnology 

Faculty of Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Chalcone has been known to exhibit a wide range of biological and pharmacological properties. 

The present study examined the antimicrobial activities of fourteen newly synthesised chalcones 

obtained from the Resource Chemistry Department, UNIMAS. Kirby-Bauer disc diffusion test was 

performed to measure the degree of susceptibility in four test bacteria to chalcones. Inoculum 

suspension was prepared and then spread over the surface of Muller Hilton Agar (MHA) plate to 

give a confluent bacterial growth. Paper disks impregnated with chalcones at the concentration of 

250 µg/ml, 100 µg/ml, 50 µg/ml, 25 µg/ml or 12.5 µg/ml were dispensed onto the agar. The 

diameter of each inhibition zone around the discs was measured and the MIC value was determined. 

Data from the screening test revealed that chalcones exerted a strong antibacterial activity against 

Gram positive Staphylococcus aureus but low activity against Gram negative Escherichia coli, 

Salmonella typhi and Enterobacter aerogenes. Among all the compounds, 4’-dodecyoxy-2-

hydroxyl chalcone, 4’-dodecyoxy-4-hydroxyl chalcone and 4’-hydroxyl-4-decyoxy chalcone were 

found to exhibit the strongest inhibitory activity against Staphylococcus aureus with a MIC value 

of <1.563 µg/ml. Besides, the effects of the substitution of hydroxyl group at ortho-, meta- and 

para- positions and the optimum length of the hydrocarbon chain on the ring of chalcones were 

also being investigated. It was observed that chalcones exhibited a greater activity with the 

hydroxyl group being substituted at the para- position on ring B. The antibacterial activity of 

chalcones was decreased with increase in the length of hydrocarbon chains. Due to their high 

potential in the medical applications, further research on the mechanisms of action and the 

cytotoxicity properties of selected chalcones would be very appropriate.  

Keys: Chalcone, MIC value, antibacterial, hydroxyl group, hydrocarbon chain 

ABSTRAK 

Chalkon telah diketahui mempunyai sifat biologi dan famakologi yang sangat luas. Kajian ini 

meneliti tentang aktiviti antimikrob daripada empat belas sebatian chalkon yang baru disintesis 

yang telah diperolehi dari Jabatan Kimia Sumber, UNIMAS. Kaedah serapan disk Kirby-Bauer 

telah dijalankan untuk menentukan kerentanan dalam empat ujian bakteria terhadap chalkon. 

Ampaian inokulum yang disediakan telah disebarkan pada permukaan Muller Hilton Agar (MHA) 

untuk pertumbuhan bacteria yang seragam. Disk dengan chalkon pada kepekatan 250 µg/ml, 100 

µg/ml, 50 µg/ml, 25 µg/ml ataupun 12.5 µg/ml telah diletakkan pada permukaan agar. Selepas 

inkubasi, diameter zon perencatan telah diukur dan nilai MIC telah ditentukan. Keputusan 

menunjukkan bahawa chalkon mempunyai aktiviti anti-bakteria yang kuat terhadap Gram positif 

Staphylococcus aureus tetapi aktiviti chalkon terhadap Gram negatif Escherichia coli, Salmonella 

typhi dan Enterobacter aerogenes adalah rendah. 4’-dodecyoxy-2-hidroksil chalkon, 4’-

dodecyoxy-4-hidroksil chalkon dan 4’-hidroksil-4-decyoxy chalkon didapati mempunyai aktiviti 

penekanan yang paling kuat terhadap Staphylococcus aureus dengan nilai MIC <1.563 µg/ml. 

Selain itu, kesan daripada substitusi kumpulan hidroksil pada kedudukan ortho-, meta- dan para- 

serta kepanjangan rantai hidrokarbon yang optimum turut dikaji. Didapati bahawa sebatian 

chalkon dengan substitusi hidrosil pada kedudukan para- pada ring B mempunyai aktiviti yang 

lebih kuat berbanding dengan yang lain. Aktiviti anti-bakteria oleh chalkon menurun apabila 

kepanjangan rantai hidrokarbon meningkat. Disebabkan potensinya yang tinggi dalam aplikasi 

perubatan, kajian yang lanjut dalam penyelidikan mekanisma tindakan dan sifat sitotoksik oleh 

sebatian chalkon adalah sesuai. 

Kunci: Chalkon, nilai MIC, anti-bakteria, kumpulan hidrosil, rantai hidrocarbon  
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1.0 Introduction  

 

The overuse of antibiotics in various fields has results in the evolution of multi-drug 

resistant bacteria (Cowen, 2008) such as enterococci, staphylococci and Mycobacterium 

tuberculosis (Burman and Olsson-Liljequist, 2001). However, the development of the new 

antibiotics for the treatment of bacterial infection does not keep pace with the emergence of 

antibiotic resistance. For example, methicillin-resistance Staphylococcus aureus (MRSA) 

have developed resistance against vancomycin and this phenomenon had raised a great 

concern among the health authorities throughout the world since vancomycin has 

previously been proven effective in the treatment of MRSA infections (Pechere, 1999). 

The prevalence of these antibiotic-resistance bacteria and the resulting rise of the number 

of death due to them have prompted scientists to seek out new novel antimicrobial drugs to 

impede this pressing global health crisis.  

 

 In recent years, with advances in scientific knowledge and relevant equipments, 

various antibiotics have been developed from chemically synthetic compounds. The 

development of chemically-synthesised antibiotics, such as Linezolid, provides an 

alternative approach in the treatment and prevention of the widespread of multiple drug-

resistance microbial infections (Cadena, 2007). According to Edwards (1998), most of the 

synthetic antibiotics that are comprised of certain amino acids or homogeneous peptide 

have been identified as having the ability to inhibit growth of fungi and other microbes and 

therefore are useful as antimicrobial agents. They act by disrupting the process of protein 

synthesis that is essential for bacterial replications and consequently inhibit their growth 

(Cadena, 2007). Hence, the development of these synthetic compounds is crucial to 

conquer the emergence of multiple-drug resistance bacteria. 
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 Some studies had reported that a great number of chalcone derivatives exhibit a 

wide range of pharmacologically properties which include antitumor, antibacterial and 

anti-inflammatory activities (Afzal, 2008). Based on a report by Desai et al., 2005, the 

antimicrobial properties of chalcones are exerted by the presence of the α,β-unsaturated 

keto group. The substitution of electron donating group such as hydroxyl and methoxy on 

either of the rings further enhances the antibacterial activity of chalcone (Devia et al., 

1998).  Together, these properties provide an excellent scope for the development of 

chalcones as antimicrobial agents.  

 

 From foregoing discussion it is very clear that a drug discovery effort is essential 

for the development of new antimicrobial agents, which is critically needed to provide both 

preventative and therapeutic treatments of infectious diseases. The high therapeutic values 

of chalcones promise new avenues for drug discovery. Hence, this study was carried out to 

investigate the antimicrobial activities of chalcone derivatives especially for their 

antibacterial activity and their structure-activity relationships. 

 

Objectives of this study are to: 

1) determine the minimum inhibitory concentration (MIC) of a series of chalcone 

derivatives against test bacteria. 

2) evaluate the structure-activity relationship (SAR) of chalcones against test bacteria  
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2.0 Literature Reviews 

 

2.1 Antibiotic Resistance  

 

Antibiotics are secondary metabolites produced by microbes or chemically synthesised 

substances with the ability to kill microorganisms or inhibit their growth (Serrano, 2005). 

Antibiotic resistance occurs when pathogenic microorganisms are capable to inactivate 

antibiotics or survive under the selective pressure of antibiotics (Burman and Olsson-

Liljequist, 2001). According to Cowen (2008), overuse of antibiotic and indiscriminate 

antibiotic treatment are often the main causes that contribute to the emergence of bacterial 

resistance to antibiotics.  

 

 The antibiotic resistance property can be transmitted to the next generation through 

vertical transmission of inherited mutations or by horizontally exchange of genetic 

materials (Witte, 2004). Occasionally, spontaneous mutations, which occur in a receptor or 

binding site of the bacteria, often leads to the change that renders antibiotics to become 

ineffective (Hogg, 2005). Besides, transferring of mutant resistance-causing genes from 

one bacterium to another can also cause a bacterium to become resistant rapidly. For 

example, horizontal transfer of mecA gene from Staphylococcus sciuri results in the 

emergence of MRSA (Wu et al., 1996).  

 

 This emergence of resistance in bacteria towards antibiotics has posed a big 

challenge in the treatment of infectious diseases worldwide (Jayaraman, 2009). The 

resistance has arisen not only against both natural and semi-synthetic antibiotics, but also 

towards pure synthetic chemical compounds. Some of the bacteria even become multidrug-
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resistant, where resistance has been developed against several drugs. This phenomenon has 

made the treatment of the bacterial infections become increasingly difficult. Hence, more 

efforts and researches need to be carried out to discover more antimicrobial drugs in order 

to overcome the widespread of the bacterial resistance.  

 

2.2 Classification of Chalcones  

 

Chalcones and their deriavatives are intermediate precursors of flavonoids and 

isoflavonoids. They possess an open chain structure that lacks a heterocyclic carbon ring 

which is in contrast to other flavonoid family’s members (Hijova, 2006). They are found 

abundantly in lower plants such as ferns to higher plants (Cushman and Nagarathnam, 

1991). The most common naturally occurring chalcones available in foods include 

phloretin and phloridzin, which are commonly found in apples, chalconaringen in tomatoes 

and arbutin in pears. However, there are only limited studies on the bioavailability of 

chalcones from food sources. Hence, most chalcones are synthesized through chemical 

processes. 

 

2.3 Synthesis of Chalcones 

 

The basic structure of the chalcone molecules consists of two phenyl rings (A and B) and 

one α-, β-unsaturated carbonyl system (Figure 1). Chalcones are readily synthesised 

through Claisen-Schmidt condensation reaction between an aldehyde and a ketone either in 

the presence of base or acid as shown in Figure 5 (Patil et al., 2009). Initially, appropriate 

ketone will undergo condensation with aromatic aldehyde in the dilute ethanolic sodium 
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hydroxide solution at room temperature followed by addition of acid. The product will then 

go through dehydration to remove water. By using sodium chloride or ethanol as catalyst, 

chalcones with different substituent such as hydroxyl and methoxy can be produced 

through the aldol condensation. The resulting chalcone product can be purified by eluting 

with suitable co-solvent such as hexane ethyl acetate in the column chromatography. These 

synthetic chalcone molecules had been reported to have a wide range of biological activity 

in many studies (Afzal, 2008). 

 

 

 

 

 

 

 

Figure 1: Parent nucleus of chalcone. 

 

 

Figure 2: General mechanism for the synthesis of chalcones.  

O 

A B 
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2.4 Biological and Pharmacological Properties of Chalcones 

 

Many studies and researches revealed that chalcones exhibit a wide range of 

pharmacological activities, which include antioncogenic and anticancer (Won et al., 2005), 

anti-inflammatory (Satyanarayana et al., 1993; Won et al., 2005), anti-ulser and 

spasmolytic (Capasso et al., 1991; Ram et al., 2000).  Besides, chalcones also possess 

antimicrobial properties such as antiviral (Barnard et al., 1993), antibacterial (Ohemeng et 

al., 1993) and antifungal. Some chalcones derivatives even have been reported to exhibit 

biological activities such as analgesic (Satyanarayana et al., 1993), antiasthmatic (Roma et 

al., 2000), antiproliferative (Daskiewicz et al., 2005), antileishmanial (Pinero et al., 2006) 

and antimalarial activities (Lim et al., 2007; Ram et al., 2000). The biological active 

properties of chalcone can be utilised for the production of new antimicrobial agents.  

 

 According to Desai et al., (2005), the α, β- carbonyl system of chalcones plays an 

important role for the biological active properties of chalcone as an antimicrobial agent. 

The extent of the biological activity of chalcones is determined by its physiochemical 

properties such as the planarity and rigidity of the π-system (Katsori and Hadjipavlou-

Litina, 2009). Different biological activities of chalcones are exerted by different 

substituent at different position of the two aromatic rings (Kulkarni et al., 2009).  

 

  Based on the study by Mandge et al. (2007), the presence of electron deficient 

moiety such as methyl, ethyl and alkyl group in ring A and the hydrophobic groups such as 

halogens, nitro and cyano in ring B are responsible for a better reactivity of chalcones. 

Besides, the presence of free hydroxyl group, especially at 4 and 4´ positions of 2 ´- 

hydroxychalcone, is found to exhibit the antimicrobial properties. As proven in the study 
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conducted by Devia et al. (1998), the presence of the hydroxyl groups increases the 

bacteriostatic activity of chalcones towards S. aureus and E. coli. 

 

 Moreover, these hydroxyl groups also contribute to the cytotoxic properties of 

chalcones (Dimmock et al., 1998). A study conducted by Edwards et al. (1990) 

demonstrated that chalcone deriavatives with methoxy constituents on ring B have the 

ability to interfere the mitotic phase of cell cycle of HeLa cells. As a result, cell 

proliferation is inhibited and the induction of cell apoptosis is initiated. Therefore, the 

diverse biological activities of chalcones have the potential in contributing to the 

development of both antimicrobial and anticancer drugs. 

 

2.5 Antimicrobial Susceptibility Test by Kirby Bauer Disc Diffusion Method 

 

In attempt to discover of new antimicrobial drugs that are effective against an infection, it 

is necessary to determine the susceptibility of the pathogen (Poupard et al., 1994). In the 

past, several techniques had been developed for the test such as Ditch Plate, Broth Dilution 

method, Disc Diffusion method, standard tube dilution minimum inhibitory concentration, 

standardize antibiotic sensitivity testing (AST) method and others. One of the most 

commonly used techniques is Kirby Bauer disc diffusion method. The MIC value is 

determined to evaluate the minimum concentration of drug that will inhibit the bacterial 

growth.  

 

 Kirby Bauer test is performed to determine the effectiveness of antimicrobial drugs 

or to measure the degree of susceptibility of bacteria towards certain drug. This technique 

was established after Bauer and co-workers introduced the high potency single disc method 
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in 1959 (Poupard et al., 1994). A standardised procedure had been recommended by Food 

and Drug Administration for antimicrobial susceptibility testing (Boyle et al., 1973). This 

recommendation includes the standardisation of the type and depth of agar, standardisation 

of the size and methods of inoculation and the utilisation of specific type of petri dish.  

 

 Kirby Bauer disk diffusion method employs the principle of correlation between the 

size of zone of inhibition around the antibiotic disc and sensitivity of bacteria to the 

antibiotic (Boyle et al., 1973). The zone size is directly proportional to the sensitivity of 

the bacteria to the antibiotic. Antibiotic sensitivity is expressed in the term of MIC in 

which the minimum concentration of drug that will inhibit the growth of bacteria was 

evaluated.    
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3.0 Materials and Methods 

 

3.1 Materials 

3.1.1 Test compounds 

 

A total of 14 samples of chalcone derivatives were supplied by Organic Chemistry 

Laboratory, UNIMAS. All of these chalcones differ in the position of the hydroxyl group 

(ortho-, meta- and para- positions) and the length of the hydrocarbon chains of alkoxy 

group in both rings. All of the derivatives being tested in this study include  4’-dodecyoxy-

2-hydroxyl chalcone (C1), 4’-dodecyoxy-3-hydroxyl chalcone (C2), 4’-dodecyoxy-4-

hydroxyl chalcone (C3), 4’-tetradecyoxy-2-hydroxyl chalcone (C4), 4’-tetradecyoxy-3-

hydroxyl chalcone (C5), 4’-tetradecyoxy-4-hydroxyl chalcone (C6), 2’-hydroxyl-4-

decyoxy chalcone (C7), 3’-hydroxyl-4-decyoxy chalcone (C8), 4’-hydroxyl-4-decyoxy 

chalcone (C9), 2’-hydroxyl-4-dodecyoxy chalcone (C10), 3’-hydroxyl-4-dodecyoxy 

chalcone (C11), 4’-hydroxyl-4-dodecyoxy chalcone (C12), 2’-hydroxyl-4-tetradecyoxy 

chalcone (C13) and 4’-hydroxyl-4-tetradecyoxy chalcone (C14). Their structures can be 

referred to Table 3 in Appendix A. 

 

3.1.2 Test bacteria 

 

Four types of bacteria were chosen for the antibacterial test. The Gram positive bacterium 

used for the test was Staphylococcus aureus while the Gram negative bacteria were 

Escherichia coli, Salmonella typhi and Enterobacter aerogenes.  
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3.2 Media Preparation 

3.2.1 Preparation of MHB 

 

A total of 4.4 g of the MHB powder was suspended in 200 mL of purified water and mixed 

thoroughly. The media was poured into separate bijoux bottles and autoclaved at 121
o
C. 

 

3.2.2 Preparation of MHA plate 

 

A total of 19 g of the MHA powder was suspended in the 500 ml of purified water and 

mixed thoroughly. The mixture was heated with frequent agitation and boiled for 1 minute 

to completely dissolve the powder. The media was then subjected to autoclave at 121
o
C. 

After that, the MHA plates with a depth of 4 mm were prepared (Boyle et al., 1973). 

 

3.2.3 Preparation of NA slants 

 

A total of 2.8 g of the NA powder was suspended in 100 mL of distilled water and mixed 

thoroughly. The mixture was heated with frequent agitation and boiled for 1 minute to 

completely dissolve the powder. The media was then subjected to autoclave at 121
o
C. 

After autoclave, the media was poured into bijoux bottles for agar slant preparation. 
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3.3 Antibacterial Susceptibility Test by Kirby Bauer Disc Diffusion Method 

3.3.1 Subculturing of test bacteria 

 

The test bacteria were subcultured on the MHA plate in order to obtain fresh colony prior 

to the preparation of the bacterial suspension. The plates were inverted and incubated for 

overnight at 37
o
C. 

 

3.3.2 Preparation of bacterial inoculum suspension 

 

A well isolated colony of bacteria to be tested was selected from the Petri dish. The colony 

was suspended in the MHB for preparation of bacterial inoculum suspension. Any clumps 

of bacterial growth were broken by mixing the suspension thoroughly on a votex mixer. 

The suspension was then incubated overnight at 37
o
C.  

 

3.3.3 Standardisation of inoculum suspension 

 

The density of the bacterial suspension was standardised until it is equivalent to that of a 

0.5 McFarland standard which corresponds to approximately 1.5 x 10
8
 CFU/ml (Andrews, 

2006). By using the spectrophotometer, the turbidity of the suspension was measured at the 

wavelength of 550 nm. The inoculum suspension was standardised to an optical density 

value of 0.168. 
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3.3.4 Swabbing of plates 

 

By applying an aseptic technique, a fresh and sterile cotton-tipped swab was dipped into 

the suspension culture.  The surface of the MHA plate was swabbed in three directions to 

create a uniform and confluent bacterial lawn. The plate was then allowed to dry for 

approximately 15 minutes.  

  

3.3.5 Serial dilution of compounds 

 

A total of 0.4 mg of each compound was weighed and dissolved in MHB containing 0.1% 

of DMSO to produce a stock solution of a concentration of 400 µg/ml. Then, 2X serial 

dilution of the stock solution was obtained by diluting the compounds to five different 

concentrations of 200 µg/ml, 100 µg/ml, 50 µg/ml, 25 µg/ml and 12.5 µg/ml.  

 

3.3.6 Application of antimicrobial discs 

 

Kirby-Bauer disc-diffusion method was applied to determine the effectiveness of each 

chalcone compounds against the test bacteria. (Boyle et al., 1973). When the surface of the 

medium was dry, six empty paper discs were dispensed onto the agar equidistantly at the 

rim of the plate by using sterile forceps. An aliquot of 10 µl of the compounds at each 

concentration was pipetted to each of the discs respectively. For Gram positive bacteria, 

paper disc containing penicillin was used as a positive control. On the other hand, 

streptomycin acted as positive control for Gram negative bacteria. 10µl of 0.5% PBS was 
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pipetted to one of the disc to act as negative control. Three replications were done for each 

type of test bacteria. The plates were then inverted and incubated overnight at 37
o
C.  

 

3.3.7 Measurement of inhibition zones and interpretation of results 

 

After incubation, the plates were examined for the presence of zone of inhibition around 

each of the antibiotic discs. Then the diameter of each zone was measured and recorded to 

the nearest millimeter (mm) by using a ruler (Figure 2). The results obtaining from each 

measurement were interpreted based on the zone diameter as Susceptible (S), Intermediate 

(I) or Resistant (R) to a particular drug (Boyle et al., 1973). The MIC for each compound 

was determined to express the sensitivity of each antimicrobial agent. 

 

 

 

 

 

 

 

Figure 3: Measurement of zones of inhibition as indicated by the double arrow lines. 

  


