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Abstract

The antimicrobial effects of the natural flavonoids kaempferol, quercetin, apigenin, and naringenin as well as a novel fla-

vonoid 7-O-butyl naringenin against the growth of four meat-born Staphylococcus aureus strains were evaluated. First, the

flavonoids were screened for inhibitory effects against the growth of each strain using the paper disc diffusion method. Sec-

ond, the growth inhibitory effects of flavonoids that showed antimicrobial activity were measured using the microplate

method. Third, the bactericidal effects of flavonoids were evaluated in a 0.8% (w/v) NaCl solution. All flavonoids showed

bacteriostatic effects at >20 mM. Among the flavonoids studied, quercetin was more effective than the others tested. How-

ever, the inhibitory effect of 7-O-butyl naringenin on growth of S. aureus KCCM 32395 was greater than that of quercetin

at the same concentration. Additionally, 7-O-butyl naringenin exhibited significant bactericidal effects at >25 µM. When

bacterial cells were examined using scanning electron microscopy, it appeared that the S. aureus membranes were damaged

or morphologically changed when treated with quercetin and 7-O-butyl naringenin at 200 µM.
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Introduction

The broad empirical screening of chemical entities for

antimicrobial activity is a relatively recent alternative

strategy used for the development of novel drugs. This

approach has shown that natural products have been a

particularly rich source of anti-infective agents. 

Flavonoids are natural organic compounds ubiquitous

to green plant cells. Flavonoids appear to have antimicro-

bial, anti-oxidative, anti-inflammatory, and anti-carcino-

genic effects, and have played major roles in successful

medical treatments in ancient times with their use con-

tinuing to this day (Anastasia et al., 2008; Kang et al.,

2006a; Kim et al., 2005; Lee et al., 2006; Son et al., 2003;

Tim and Lamb, 2005). There have been various studies

addressing the functional effects of flavonoids with regard

to their use in the preservative agents and health food

industries. In particular, it has been shown that some fla-

vonoids have antimicrobial effects against Helicobacter

pylori and other pathogens (Kim et al., 2006; Osman et

al., 2006; Rota et al., 2004; ZhiBiao et al., 2008). 

Staphylococcus aureus food poisoning or food intoxica-

tion syndrome was first studied in 1894. Staphylococcus

aureus is a non spore-forming Gram-positive cocci, rep-

resentative food-poisoning pathogen that produces entero-

toxin in addition to thermostable nuclease and coagulase

(Bang et al., 2008; Eugene and Brian, 2008; Jirawan et

al., 2006; Yan et al., 2007). 

Recently, methicillin-resistant Staphylococcus aureus

(MRSA) is an important nosocomial problem for the fail-

ure of antimicrobial treatments and it has been increas-

ingly reported worldwide (Lee et al., 2010; Lu and

Holtom, 2005). For many years, growth inhibition of Sta-

phylococcus species including MRSA strains by natural

compounds such as propolis, herbs, and other plant mate-
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rials has been investigated (Mohammad et al., 2007). In

particular, it has been shown that some flavonoids in

plants have antimicrobial effects toward Staphylococcus

species (Kang et al., 2006b; Lua et al., 2005; Son et al.,

2003). Although the minimum inhibitory concentration

(MIC) of some flavonoids for S. aureus has been deter-

mined, the nature of the inhibitory effects has not been

sufficiently studied (Mohammad et al., 2007; Ng et al.,

2006; Tim and Lamb, 2005). Especially, to control or pre-

vent the contamination of meat products by pathogenic

bacteria, various additives such as sulfite, nitrite, alcohol,

and natural antibiotics, have been added during its food

processing (Jirawan et al., 2006). However, the recent

increasing preference for natural spices and their essential

oils have been widely used as natural food preservatives

to make the processed foodstuff safe for consumers.

In this study, a new flavonoid derivative chemically

synthesized from its natural flavonoid was analyzed to

determine its functional activities as a food preservatives

compound (Mohammad et al., 2007; Osawa et al., 1992).

The structural modification of antimicrobial drugs to

which resistance has been developed has proven to be an

effective means of extending the lifespan of antimicrobial

agents (Kim et al., 2005; Kim et al., 2006). 

The objectives of this study were to screen and examine

the in vitro inhibitory effects of several flavonoids that

are abundant in nature (kaempferol, quercetin, apigenin,

and naringenin) against various S. aureus strains with the

microplate culture method, and to detect morphological

changes in strains caused by exposure to flavonoids. In

addition, the antimicrobial effects of 7-O-butyl naringe-

nin (a newly derived flavonoid) were evaluated in com-

parison with several flavonoids. 

Materials and Methods 

Bacterial strains and culture conditions

S. aureus KCCM 40510, KCCM 12214, KCCM 11335,

and KCCM 32395 were purchased from the Korean Cul-

ture Center of Microorganisms (KCCM; Korea). Each

strain was cultured through two consecutive 24 h growth

cycles in tryptic soy broth (Difco, Becton Dickinson,

Sparks, MD, USA) supplemented with 0.6% yeast extract

(TSBYE) at 37oC and used for further studies. Stock cul-

tures of each strain were maintained at -70oC in TSB con-

taining glycerol (10%, v/v).

Flavonoids

Four different flavonoids were used for comparison in

this study; kaempferol and quercetin as flavonols; apige-

nin as flavone; and naringenin as a flavanone. All fla-

vonoids were purchased from Sigma Chemical Co. (St.

Louis, MO, USA) (Kim and Paik, 2008). For preparation

of 7-O-butyl naringenin, a solution of naringenin (500

mg, 1.84 mM), butyl bromide (1.5 equiv wt) and K
2
CO

3

(1.0 equiv wt) in dimethylformamide (DMF, 10 mL) was

stirred at room temperature for 12 h. The mixture was

quenched by the addition of saturated aqueous NH
4
Cl and

extracted with ethyl acetate. The extracts were then dried

over anhydrous MgSO
4
. After evaporation, the resulting

crude product was purified by flash column chromatogra-

phy to produce colorless oil with a 35% yield (Moon et

al., 2009)

Screening by paper disc diffusion method

The paper disc diffusion method was used as a screening

test for antibacterial activity (Feyza et al., 2009; Lenka et

al., 2009; Osawa, 1992). Forty microliters of the flavonoid

sample were applied to a paper disc (8 mm in diameter).

The concentrations of flavonoids were 5, 10, and 20 mM

in dimethylsulfoxide (DMSO), respectively. After the

DMSO had dried at room temperature for 10 min, the

paper discs were placed on tryptic soy agar inoculated

with 106 colony forming unit (CFU)/mL of S. aureus

strains. Blank discs with and without DMSO served as

negative control. The diameters (mm) of the inhibition

zones were measured after incubation at 37oC for 16 h.

Measurement of antimicrobial effects

The microplate culture method was used to test the

effect of various flavonoids on growth of S. aureus

KCCM 32395 (Richard et al, 2004). The initial density of

S. aureus KCCM 32395 was adjusted to 2.6×106 CFU /

mL. One hundred ninety microliters TSBYE, 50 µL of

cultured broth, and 10 µL of flavonoid solution was

added per well and cultured at 37oC for 8 h (Negi et al.,

2008; Sohn et al., 2004). The flavonoid concentration

was 14, 28, or 140 µM per well. For the control wells, 10

µL of DMSO were added instead of flavonoid solution.

During the 6 h incubation, the turbidities of each sample

were measured at 620 nm with a microplate reader

(EL311; Bio-Tek Instruments Inc., Korea) and the each

culture broth was serially diluted in 0.1% (w/v) peptone

water, and spread on tryptic soy agar. After the incubation

at 37oC for 20 h, the colonies were counted.

Bactericidal effect of flavonoids on S. aureus

The initial density of S. aureus KCCM 32395 was
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adjusted to 2.6×106 CFU/mL of final broth. The cells

were transferred to one sterile micro-tube and harvested

by centrifugation at 10,000 g at 4oC for 10 min. The pel-

leted cells were washed in 0.8% (w/v) NaCl and centri-

fuged at 10,000 g at 4oC for 10 min. After washing three

times, the cell concentrations were adjusted to 2.6×106

CFU/mL in 5 mL 0.8% (w/v) NaCl solution. The concen-

trations of flavonoids were 12.5, 25, and 50 µM. As a

control, 50 µL of DMSO were added instead of flavonoid

solution. The cultures were incubated at 37oC for 0.5, 1,

2, 4, 8, and 24 h under continuous shaking (170 rpm).

After incubation, the cells were counted using the stan-

dard plate counting method (Negi et al., 2002).

Preparation of S. aureus for scanning electron

microscope (SEM)

Bacterial cells were prepared for SEM examination

using the methods of Tsugawa et al. (2008). The cells cul-

tured in TSBYE at 37oC for 8 h were treated with 200

µM of quercetin, naringenin, or 7-O-butyl naringenin.

The cells were harvested by centrifugation at 10,000 g for

10 min at 4oC and fixed with 25% (v/v) glutaraldehyde at

4oC for overnight. The specimens were washed three

times with 100 mM phosphate buffer (pH 7.0) and dehy-

drated using a graded series of ethanol concentration

(10% increments from 70% up to 100%) in a sequential

manner.

Dehydrated specimens were treated with ion-spotter-

coating at 7 V and 15 mA of gold in a vacuum evaporator

(E-1010, Hitachi Science System Ltd., Japan) and sub-

jected to SEM (S-3000N, Hitachi Science System Ltd.,

Japan).

Statistical analysis 

Two independent replicate experiments were performed

and repeats of plate count is reported in mean and stan-

dard deviation. Analysis of variance (ANOVA) was per-

formed with the General Linear Models procedure of the

Statistical Analysis System software program version

9.1.1 (SAS, 1995). Differences were considered statisti-

cally significant at p<0.05 unless otherwise stated.

Results and Discussion

Screening by paper disc diffusion method

In general, gram-positive bacteria such as S. aureus is

more sensitive to flavonoids than Gram-negative bacteria

such as E. coli (Burt, 2004). Chang et al. (2002) reported

that the propolis collected in Taiwan contained various

amounts of flavones, flavonols, flavanones, and isoflavones

are generally regarded to be responsible for the antimicro-

bial activity of S. aureus.

The growth inhibition zones measured using agar disc

diffusion assay are presented in Table 1. When bacteria

were exposed to flavonoids including novel naringenin,

7-O-butyl naringenin, it appeared that flavonols such as

quercetin and kaempferol had stronger antimicrobial

effects than did other flavonoids. However, apigenin

exhibited no effect at or below 20 mM. In addition, the

antimicrobial effects of flavonoids were different depend-

ing on the S. aureus strains tested. It was especially inter-

esting that S. aureus KCCM 40510, which is methicillin

resistant (MRSA), is sensitive in treatment with 20 mM

of quercetin. 

Measurement of antimicrobial effects 

S. aureus KCCM 32395 was selected as a representa-

tive strain because it appeared that it was relatively more

resistant than other strains to treatment with flavonoids

under the test conditions of this study. Kaempferol, quer-

cetin, apigenin, naringenin as natural flavonoids, and 7-

O-butyl naringenin as a noble flavonoid were tested to

evaluate their antimicrobial effects on S. aureus KCCM

32395. As shown in Fig. 1, kaempferol was the most

effective among the flavonoids tested at each concentra-

tion. The antimicrobial effects of apigenin and naringenin

Table 1. Zone of growth inhibition of several meat-borne S.

aureus strains

Flavonoid

Concen-

tration

(mM)

S. aureus

KCCM

40510

S. aureus

KCCM

12214

S. aureus

KCCM

11335

S. aureus

KCCM

32395

Kaempferol

5  −1) − − −

10 − − − −

20 ++ ++ + +

Quercetin

5 − − − −

10 + + + +

20 +++ ++ ++ +++

Apigenin

5 − − − −

10 − − − −

20 − − − −

Naringenin

5 − − − −

10 − − − −

20 − + − −

7-O-butyl 

Naringenin

5 − − − −

10 − − − −

20 ++ ++ - ++

1)
−: No inhibition (≤ 9 mm), +: slight inhibition (10-11.9 mm),

++: moderate inhibition (12-13.9 mm), +++: strong inhibition (≥

14 mm)
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against S. aureus KCCM 32395 were not significant in

the concentration range of 14 to 140 µM (p>0.05).

In the case of 7-O-butyl naringenin, the most effective

inhibition of S. aureus KCCM 32395 growth was seen at

from 14 to 140 µM. Based on these results, 7-O-butyl

naringenin was more effective than the other flavonoids

tested at any concentration and it appearsed that the anti-

microbial effect of 7-O-butyl naringenin was more higher

effective than that of naringenin. The results of 7-O-butyl

naringenin based on the microplate culture method were

different from the results from using the disc diffusion

method (Table 1). These observations are likely due to

differences in the diffusivity on agar culture of among fla-

vonoids in paper disc diffusion method (Tim and Lamb,

2005). 

Bactericidal effects of flavonoids on S. aureus 

The bactericidal effects of 7-O-butyl naringenin against

S. aureus KCCM 32395 were tested at 12.5, 25, and 50

µM concentration in 0.8% (w/v) saline solution (Fig. 2).

Equal volumes of DMSO in culture broth without fla-

vonoids (control) had no effect on the growth of S. aureus

strains. In comparison to the control, the cell numbers

cells were not different at 12.5 µM but were significantly

reduced at 25 and 50 µM. 7-O-butyl Naringenin against

S. aureus KCCM 32395 decreases in cell number of 2.3

log cycles and 3.0 log cycles at 25 and 50 µM during the

8 h of incubation, respectively (p<0.05). Until 12 h of

incubation time, the number of viable cells exposed to 50

µM was reduced rapidly and, after that time, the viable

cell numbers were reduced slowly to about 4.5 log at 24

h of incubation. 

Morphological analysis of flavonoid-treated S.

aureus cells using SEM

Quercetin, naringenin, and 7-O-butyl naringenin were

Fig. 1. The antimicrobial effect of keampferol, quercetin, apigenin, naringenin, and 7-O-butyl naringenin on growth of S. aureus

KCCM 32395. Initial cell density was adjusted to be 2.6×106 CFU/mL. Flavonoid concentrations were adjusted to 14 µM (▲),

28 µM (■), and 140 µM (●), the control (◆) had equal volumes of DMSO instead of flavonoid solution. (A) kaempferol; (B)

quercetin; (C) apigenin; (D) naringenin; (E) 7-O-butyl naringenin
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applied to S. aureus cells to determine if flavonoid expo-

sure causes morphological changes. When examined under

SEM, S. aureus cells that were treated with 200 µM of

quercetin appeared wrinkled and collapsed. Such mor-

phological changes are likely due to damage to the cyto-

plasmic membrane (Fig. 3). However, naringenin at the

same concentration did not cause any detectible cell dam-

age.

Although the morphological changes in 7-O-butyl nar-

ingenin-treated cells were less pronounced than changes

observed in quercetin-treated cells, 7-O-butyl naringenin

reduced the viable cell count more effectively than quer-

cetin. These results indicate that the mechanism of cell

damage may be quite different depending on the kind of

flavonoids. Although the mechanisms by which this is

accomplished are not yet known, these mechanisms most

likely involve the inhibition of nucleic acid synthesis,

cytoplasmic membrane function, and energy metabolism

(Tim and Lamb., 2005). In particular, since the heavy

metal atoms of metalloenzymes (e.g., phosphatase) in

bacterial cells can form strong ligand complexes with fla-

vonoids, the antimicrobial effects of flavonoids may well

be the result of metabolic perturbation. In addition, ion

channels, which are sensitive components of prokaryotic

and eukaryotic cells, are likely targets of flavonoids.

Moreover, Conti et al. (1998) demonstrated that all infec-

tious agents, including viruses in animals or humans, may

be indirectly killed through the immuno-stimulatory

effects of flavonoid treatment. 

Based on these results, it appears that the inhibitory

effects of flavonoids on the growth of S. aureus KCCM

32395 differ according to the type and size of molecular

groups and the positions of their side chains on the fla-

vonoid backbone structure (Stojanovic et al., 2005). The

more detailed mechanisms and kinetics of their antimi-

crobial effects are as yet unknown. This is because the

effect of flavonoids on infectious agents involves many

potential targets in cells and is very complicated as previ-

ously mentioned. Our results suggest that quercetin at 50

µM affects the cell membrane and possibly certain meta-

bolic functions of cells. However, the greater bactericidal

effect of 7-O-butyl naringenin compared with natural nar-

ingenin may be helpful in the investigation of the antimi-

crobial effects of other flavonoids on S. aureus KCCM

32395. 
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