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Abstract Antimicrobial activities of 2,6-dimethoxy-1,4-benzoquinone

and its structurally related analogues (2,6-dichloro-, 2,6-dimethyl-,

2,5-dichloro-, and 2,5-dimethyl-) were evaluated at 0.5 mg/disc

against seven food-borne bacteria. 2,6-Dimethoxy-1,4-benzoquinone

showed antimicrobial activity against Staphylococcus intermedius

(22.0 mm), Staphlococcus epidermidis (19.5 mm), Shigella sonnei

(16.0 mm), and Listeria monocytogenes (15.0 mm). Furthermore,

these structural analogues exhibited antimicrobial activity against

all tested food-borne bacteria except 2,6-dichloro-1,4-benzoquinone.

In conclusion, 2,6-dimethoxy-1,4-benzoquinone and its structural

analogues are useful as a source of food supplemental agents.

Keywords 2,6-dimethoxy-1,4-benzoquinone · antimicrobial activity

· food-borne bacteria · structural analogues

Introduction

Food-borne illness is caused by consumption of foods contaminated

with various food-borne bacteria (Murali et al., 2012). Major food-

borne bacteria including Campylobacter, Salmonella, Listeria

monocytogenes, Bacillus cereus, Staphylococcus aureus, and

Escherichia coli O157 are responsible for a large number of food-

borne illness outbreaks (Park et al., 2001; Murphy et al., 2006;

Gandhi and Chikindas, 2007; Velusamy et al., 2010; Wang et al.,

2011). For this reason, many attempts such as use of various

synthetic chemicals have been made to reduce the incidence of

food poisoning and spoilage by controlling microbial growth

(Shan et al., 2007). However, food preservatives including antibiotics,

sulfites, and nitrates have many side effects on human health such

as cancer, headache, mental retardation, and nausea (Lee and Ahn,

1998; Gull et al., 2012). Therefore, there is a worldwide trend to

explore new types of alternatives to control food-borne illness,

giving priority to methods that avoid side effects on human health

(Lee, 2002; Bautista-Banos et al., 2006; Nedorostova et al., 2009).

2,6-Dimethoxy-1,4-benzoquinone easily obtained from the

oxidation of wood tar part is enriched in which 2,6-dimethoxy-

phenol and has been also isolated from many plant species (Chen

et al., 1994; Harasawa and Tagashira, 1994; Lana et al., 2006).

Moreover, the antifeedant and antifungal activities of 2,6-

dimethoxy-1,4-benzoquinone have been reported (Kokpol et al.,

1993). However, despite these biological activities, relatively little

work has been reported on the antimicrobial activities of 2,6-

dimethoxy-1,4-benzoquinone and its structurally related analogues

against the seven food-borne bacteria. Therefore, we evaluated the

antimicrobial activities of 2,6-dimethoxy-1,4-benzoquinone and

structure-activity relationships of four structurally related analogues

against the seven food-borne bacteria.

Materials and Methods

Chemicals. 2,6-Dimethoxy-1,4-benzoquinone, 2,6-dichloro-1,4-

benzoquinone, 2,6-dimethyl-1,4-benzoquinone, 2,5-dichloro-1,4-

benzoquinone, 2,5-dimethyl-1,4-benzoquinone, and tetracycline

were purchased from Sigma-Aldrich (USA).

Microorganisms and culture conditions. The food-borne bacteria

including Bacillus cereus (ATCC14579), Listeria monocytogenes

(ATCC 15313), Salmonella enterica (ATCC 43971), Staphylococcus

epidemidis (ATCC 12228), Staphylococcus intermedius (ATCC

29663), Shigella sonnei (ATCC 25931), and Salmonella typhimurium

(IFO 14193) used were obtained from the Korean Culture Center
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of Microorganisms (Korea). The microorganisms were cultured

on nutrient broth (NB, Difco, USA) at 37oC for 1 day.

Antimicrobial activity. The antimicrobial activities of these

organisms were assessed by the paper disc agar diffusion method.

Filter paper discs (8 mm diameter; Tokyo Roshi Kaisha, Japan)

containing the test sample dissolved in methanol solution (0.1

mL) were placed on the surface of agar plates of Mueller Hinton

agar (MHA, difco, USA), seeded by spreading the test bacterial

suspension on the plates. The test plates were incubated overnight

at 37oC under aerobic condition. The control discs received 0.1

mL of methanol. All tests of microbial growth inhibition were

replicated thrice. The scale of measurement was considered as

potent activity, more 30 mm; strong activity, 21 to 30 mm; moderate

activity, 16 to 20 mm; weak activity, 10 to 15 mm; slight activity,

less than 10 mm; no activity.

Results and Discussion

In test with the seven food-borne bacteria at a dose of 0.5 mg/disc,

2,6-dimethoxy-1,4-benzoquinone was evaluated using the paper

disc agar diffusion method and were then compared with that of

tetracycline as a positive control (Table 1). 2,6-Dimethoxy-1,4-

benzoquinone showed strong inhibition against S. intermedius

(22.0 mm), moderate inhibition against S. epidermidis (19.5 mm)

and S. sonnei (16.0 mm), weak inhibition against L. monocytogenes

(15.0 mm), and no growth inhibition was observed against B.

cereus, S. enterica, and S. typhimurium. According to, Lana et al.

(2006), 2,6-dimethoxy-1,4-benzoquinone was particularly active

against S. aureus. To establish the structure-activity relationships

of 2,6-dimethoxy-1,4-benzoquinone analogues, its structurally

related analogues (2,6-dichloro-1,4-benzoquinone, 2,6-dimethyl-

1,4-benzoquinone, 2,5-dichloro-1,4-benzoquinone, and 2,5-dimethyl-

1,4-benzoquinone) were selected and evaluated using the paper

disc agar diffusion method at 0.5 mg/disc (Table 1 and Fig. 1).

2,5-Dimethyl-1,4-benzoquinone exhibited potent inhibitory activity

against L. monocytogenes (51.0 mm), S. intermedius (48.0 mm),

B. cereus (47.0 mm), S. epidermidis (45.5 mm), and S. sonnei

(32.5 mm), and strong inhibitory activity against S. enterica (24.0

mm) and S. typhimurium (22.5 mm). 2,6-Dimethyl-1,4-benzoquinone

and 2,5-dichloro-1,4-benzoquinone exhibited moderate or weak

inhibitory activity (12.0–19.0 mm) against seven food-borne bacteria.

However, the treatment with 2,6-dichloro-1,4-benzoquinone showed

no inhibitory activity against the seven food-borne bacteria. These

results indicate that various functional groups in 1,4-benzoquinone

change the growth inhibiting activities by decreasing or inducing

selective activity. For instance, 2,6-dimethoxy-1,4-benzoquinone

conjugated with methoxy group had no inhibitory activity against

B. cereus, S. enterica, and S. typhimurium. However, 2,6-dimethyl-

1,4-benzoquinone conjugated with methyl group exhibited inhibitory

activity against B. cereus, S. enterica, and S. typhimurium.

Table 1 Antimicrobial activities 2,6-dimethoxy-1,4-benzoquinone and its structurally related analogues against food-borne pathogenic bacteria, as
determined by the paper disc agar diffusion method

Compounds1)

Clean zone (mm)2)

Microorganisms3)

Bc Lm Si Se Sae St Ss

2,6-Dimethoxy-1,4-benzoquinone nd5) 15.0±1.2 22.0±1.5 19.5±0.9 nd nd 16.0±1.8

2,6-Dichloro-1,4-benzoquinone nd nd nd nd nd nd nd

2,6-Dimethyl-1,4-benzoquinone 17.0±1.4 15.5±0.8 19.0±1.8 18.5±2.3 14.5±1.6 13.5±1.1 16.5±1.3

2,5-Dichloro-1,4-benzoquinone 12.0±1.3 13.5±1.2 16.5±2.2 14.5±1.8 14.0±2.5 13.5±2.1 14.0±1.1

2,5-Dimethyl-1,4-benzoquinone 47.0±0.8 51.0±2.4 48.0±2.1 45.5±1.4 24.0±1.2 22.5±1.8 32.5±1.4

Tetracycline4) 24.0±1.2 23.5±1.4 29.4±1.5 25.0±1.1 22.3±1.1 24.5±1.2 31.1±1.7

1)Exposed to 0.5 mg/disk.
2)Values (mm) are expressed as mean±SD of three parallel measurements, p <0.05.
3)Bc, Bacillus cereus ATCC14579; Lm, Listeria monocytogenes ATCC 15313; Si, Staphylococcus intermedius ATCC 29663; Se, Staphylococcus

epidermidis ATCC 12228; Sae, Salmonella enterica ATCC 43971; St, Salmonella typhimurium IFO 14193; Ss, Shigella sonnei ATCC 25931.
4)Chloramphenicol and tetracycline served as positive control.
5)nd; not detected.

Compounds R1 R2 R3

2,6-Dimethoxy-1,4-benzoquinone OCH3 H OCH3

2,6-Dichloro-1,4-benzoquinone Cl H Cl

2,6-Dimethyl-1,4-benzoquinone CH3 H CH3

2,5-Dichloro-1,4-benzoquinone Cl Cl H

2,5-Dimethyl-1,4-benzoquinone CH3 CH3 H

Fig. 1 Structures of 2,6-dimethoxy-1,4-benzoquinone and its structurally
related analogues.
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Furthermore, 2,5-dimethyl-1,4-benzoquinone conjugated with

methyl group at positions 2 and 5 showed significantly greater

inhibitory activity than 2,6-dimethyl-1,4-benzoquinone conjugated

with methyl group at positions 2 and 6. Jeong et al. (2009)

reported that various functional groups and its position lead to

selective inhibitory activity against intestinal bacteria. Moreover,

Cho et al. (2009) reported that minimum inhibitory concentration

(MIC) values of 2,6-dimethoxy-1,4-benzoquinone were 5.3 and

8.0 ppm against S. aureus and S. sonnei, respectively. The

toxicities of 2,6-dimethoxy-1,4-benzoquinone and its structurally

related analogues toward human and mammal have not been

reported. Based on our findings, 2,6-dimethoxy-1,4-benzoquinone

and its structurally related analogues are useful as a source of food

supplemental agents. However, further work is necessary to

determine their safetyness on humans.
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