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Abstract The antimicrobial activities of materials
derived from Cassia obtusifolia seeds were evaluated
against the seven food-borne bacteria. The active constit-
uent of C. obtusifolia seeds was isolated using various
chromatographic techniques and characterized as 1,2-
dihydroxyanthraquinone (alizarin). The purified alizarin
exhibited weak activity against Bacillus cereus (clean zone
diameter, 11.0 mm), and moderate activity against Staph-
ylococcus epidermidis (17.5 mm) and Salmonella enterica
(16.2 mm) at 2.0 mg/disc. When compared with alizarin
analogues, alizarin-3-methyliminodiacetic acid exhibited
the strongest antimicrobial activity against B. cereus, S.
intermedius, S. epidermidis, and S. enterica at 2.0 mg/disc,
whereas the other analogues exhibited no antimicrobial
activity against the seven food-borne bacteria. Taken
together, these results indicate that alizarin isolated from C.
obtusifolia seeds and its structural analogues may be useful
as natural preservatives.
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Introduction

Food-borne illnesses resulting from the consumption of
food which is contaminated with food-borne pathogenic
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bacteria had a major impact on public health around the
world (White et al. 2002; Bajpai et al. 2012, 2013). A
diversity of chemical food preservatives have been used
for the prevention of food-borne illness (Sahin et al.
2004; Kim et al. 2009). Accordingly, many people have
expressed interest in the use of plant-derived antimicro-
bial constituents as natural preservatives for foods (Lee
2002; Ultee et al. 2002). The antimicrobial activities of a
wide variety of plant volatile oils and their components
have been evaluated (Dorman and Deans 2000). Con-
sidering that a number of different chemical compounds
are present in essential oils, it is likely that their anti-
microbial activities are not attributable to one particular
mechanism, but several targets in the cell (Skandamis
and Nychas, 2000). The susceptibility of bacteria to the
antimicrobial activity of plant essential oils has been
shown to increase with decreases in the storage temper-
ature, the pH of the food and the amount of oxygen
within the packaging (Tassou et al. 1995; Skandamis and
Nychas 2000; Tsigarida et al. 2000; Burt 2004). The
reason for this is that the hydrophobicity of essential oil
increases at low pH, enabling it to dissolve in the cell
membrane lipids of the target bacteria more readily (Ju-
ven et al. 1994).

Cassia obtusifolia L. (Leguminosae) is a traditional
medicine used in China, Japan, and Korea to treat eye
inflammation, lacrimation, and photophobia (Zhu 1998).
In addition, it has been reported that C. obtusifolia and its
constituents have anti-Helicobacter pylori effect, oes-
trogenic activity, antimicrobial activity and inhibit his-
tamine release from mast cells (Kitanaka et al. 1998;
Bhamarapravati et al. 2003; Sung et al. 2004). Thus, in
this study, we isolated the active constituents of C. ob-
tusifolia seeds and evaluated them against seven food-
borne bacteria.
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Materials and methods
Chemicals

Alizarin-3-methyliminodiacetic acid, anthraquinone, 1,4-
dihydroxyanthraquinone, and tetracycline were provided
from Sigma-Aldrich (USA). All other compounds were of
reagent grade.

Isolation and identification

C. obtusifolia seeds were purchased from a local market in
Jeonju (Korea). The extraction and partition of C. obtusi-
folia seeds were carried out with a method modified from
Jeon et al. (2009). Briefly, dried and ground seeds of C.
obtusifolia (3 kg) were extracted twice with methanol
(10 L) at 30 °C for 2 days, and then filtered. The combined
extracts were evaporated at 35 °C to yield about 217 g
(7.23 %), after which the extract (217 g) was partitioned
consecutively with hexane (43.21 g), chloroform (41.97 g),
ethyl acetate (24.44 g), and water (107.38 g) portions for
subsequent bioassays against food-borne bacteria. The
organic solvent portions were evaporated to dryness by a
rotary vacuum evaporator at 35 °C, while the water portion
was freeze-dried.

The hexane portion (10 g) was consecutively chro-
matographed on a silica gel column (Merch 70-230 mesh,
590 g, 6.5 x 68 cm), and then sequentially eluted using a
stepwise gradient of hexane—ethyl acetate (10, 20, 30, 50,
and 80 %). The biologically active fraction (4.1 g) was
then chromatographed on a silica gel column and eluted
with hexane: ethyl acetate (2:1). The column fractions
were analysed by thin layer chromatography (TLC, hex-
ane: ethyl acetate, 2.5:1) and fractions exhibiting similar
TLC patterns were combined for bioassay against food-
borne bacteria. The active fraction (2.7 g) was rechroma-
tographed on a silica gel column and sequentially eluted
with hexane:ethyl acetate (7:3). To further separate the
active substance, prep high-performance liquid chroma-
tography (Prep. HPLC, Waters Delta Prep 4000, Milford,
MA) was conducted. For HPLC, a Bondapak C;g (Waters,
29 x 300 mm) column was used. Methanol:water (3:7),
which was used as the mobile phase, was applied at a flow
rate of 8 mL/min, and detection was carried out at
260 nm. Finally, the active principle was isolated, and the
structure was determined by various instrumental analyses.
"H and '*C NMR spectra were recorded with a JNM-LA
400F7 spectrometer (JEOL, Japan; "H-600 MHz; Be.
150 MHz), and the UV spectra were obtained using an
Uvikon 922 spectrometer (Kontron, Germany). The mass
spectra were obtained on a JEOL GSX 400 spectrometer
(FEOL, Japan).
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Microorganisms and culture conditions

Antimicrobial activities of alizarin isolated from C. obtu-
sifolia and its derivatives were evaluated against seven
food-borne bacteria, which were obtained from the Korean
Culture Center of Microorganisms (Seoul, Korea). These
included the four Gram-positive bacteria Bacillus cereus
(ATCC14579), Listeria monocytogenes (ATCC 15313),
Staphylococcus intermedius (ATCC29663), and Staphylo-
coccus epidermidis (ATCC 12228), and the three Gram-
negative bacteria Salmonella enterica (ATCC 43971),
Salmonella typhimurium (IFO 14193), and Shigella sonnei
(ATCC 25931). The tested bacteria were cultured in
nutrient broth (NB, Difco, USA) at 37 °C for 24 h.

Bioassay

The antimicrobial activity of each sample against the food-
borne bacteria was tested by the paper disc agar diffusion
method. To assay the antimicrobial activity against the
tested microorganisms, one loopful of each type of bacteria
was suspended in 1 mL of sterilized physiological saline
(Lee and Ahn 1998). The 0.1 mL of test bacterial sus-
pension was seeded on a Mueller—Hinton agar (MHA,
Difco, USA) plates. Each test sample was then dissolved in
0.1 mL of methanol solution and applied to a paper disc
with a Drummond glass microcapillary (8 mm diameter
and 1 mm thickness; Tokyo Roshi Kaisha, Japan). After
vaporization of the solvents, the paper discs were placed on
the surface of the agar which had been incubated with the
test bacteria. All test plates were then incubated at 37 °C
for 24 h under aerobic conditions. The control discs
received 0.1 mL of methanol. All growth inhibition tests
were performed in triplicate. The range of antimicrobial
activity was classified as follows: potent activity, more than
30 mm; strong activity, 21-30 mm; moderate activity,
1620 mm; weak activity, 10—15 mm,; little or no activity,
less than 10 mm.

Results and discussion

The antimicrobial activity of the methanol extract of C.
obtusifolia seeds against seven food-borne bacteria was
determined by the paper disc agar diffusion method. Dur-
ing routine screening tests, the methanol extract of C. ob-
tusifolia showed little inhibitory activity at 10 mg/disc
against S. epidermidis and S. enterica, but showed no
inhibitory activity at all against B. cereus, S. intermedius,
L. monocytogenes, S. typhimurium, and S. sonnei (Table 1).
The methanol extract was further separated into five frac-
tions and tested at 10 mg/disc. The chloroform fraction
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Table 1 Antimicrobial activities of the methanolic extract and five fractions derived from C. obtusifolia seeds
Fractions® Clean zone (mm)®

Microorganisms®

Be Lm Si Se Sae St Ss
Methanol nd? nd nd 94 4+ 0.48 7.9 + 0.48 nd nd
Hexane 8.4 + 0.37 nd nd 11.2 + 0.55 11.8 +0.49 nd nd
Chloroform nd nd nd nd nd nd nd
Ethyl acetate nd nd nd nd nd nd nd
Butanol nd nd nd nd nd nd nd
Water nd nd nd nd nd nd nd

? Exposed to 10 mg/disc

® Values (mm) are expressed as mean £ SD of three parallel measurements, P < 0.05

¢ Bc Bacillus cereus ATCC14579, Lm Listeria monocytogenes ATCC 15313, Si Staphylococcus intermedius ATCC29663, Se Staphylococcus
epidermidis ATCC 12228, Sae Salmonella enterica ATCC 43971, St Salmonella typhimurium IFO 14193, Ss Shigella sonnei ATCC 25931

9" nd not detected

showed little inhibitory activity against B. cereus, and weak
inhibitory activity against S. epidermidis and S. enterica
(Table 1). Accordingly, the chloroform fraction was
selected for isolation of the biologically active constituent
from C. obtusifolia seeds. Bioassay-guided fractionation of
the chloroform fraction afforded an active component,
which was identified based on the spectroscopic date pro-
duced by IR, UV, 'H-NMR, and '*C-NMR. The biologi-
cally active component was characterized as 1,2-
dihydroxyanthraquinone (alizarin) (C,4HgO4, MW 342.26);
EIMS (70 eV) m/z (% relative intensity) M 240 (100), 212
(15), 184 (9), 155 (4), 138 (10), 128 (11), 92 (4), 77 (6), 51
(4); "H NMR (CDCOCD3, 400 MHz, § ppm) 8.27 (m, 1H),
8.16 (m, 1H), 7.93 (m, 2H), 7.73 (d, 1H, J = 12 Hz), 7.28
(d, 1H, J=6.9 Hz); '*C NMR (CD;OD;, 100 MHz,
oppm) 189.8,181.1,152.7,135.7,134.9, 134.4,127.6, 127.6,

126.1, 121.7, 121.5, 121.2, 117.1. The spectroscopic data
obtained from the analysis of alizarin were compared with
the data from previous studies (Jeon et al. 2009). Anthra-
quinones are known to complex irreversibly with nucleo-
philic amino acids in proteins, often resulting in subsequent
inactivation of the proteins and loss of function (Stern et al.
1996; Arvind et al. 2004; Mbaveng et al. 2008) (Fig 1).
The antimicrobial activities of alizarin were assessed by
the paper disc agar diffusion method at 2.0 mg/disc and
compared with those of tetracycline, which served as a
positive control (Table 2). Alizarin, isolated from C. ob-
tusifolia seeds, demonstrated weak activity against B.
cereus (clean zone diameter, 11.0 mm), and moderate
activity against S. epidermidis (17.5 mm) and S. enterica
(16.2 mm). These results were in agreement with those of a
previous study, which evaluated the antimicrobial activity

Fig. 1 Structures of alizarin (0] R4
and its derivatives
Ry
Rs
o) R,
Compounds R, R, R; Ry Rs
Anthraquinone H H H H H
1,2-Dihydroxyanthraquinone
. OH OH H H H
(Alizarin)
1,4-Dihydroxyanthraquinone OH H H OH H
Alizarin-3-
OH OH CH,N(CH,COOH), H H

methyliminodiacetic acid
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Table 2 Antimicrobial activities of alizarin and its derivatives against food-borne pathogenic bacteria

Compounds? Clean zone (mm)°®

Microorganisms®

Bce Lm Si Se Sae St Ss
Anthraquinone nd® nd nd nd nd nd nd
1,2-dihydroxyanthraquinone (Alizarin) 11.0 £ 0.43 nd nd 175 £ 074 162 £ 0.83 nd nd
1,4-dihydroxyanthraquinone nd nd nd nd nd nd nd
Alizarin-3-methyliminodiacetic acid 16.8 £ 0.64 nd 303 £ 138 245+1.29 33.1+1.10 nd nd
Tetracycline® 272+ 144 245+098 394+ 1.18 250+ 1.05 263+ 131 255+1.18 27.1 £1.52

? Exposed to 2 mg/disc, tetracycline = 0.1 mg/disc

® Values (mm) are expressed as mean £ SD of three parallel measurements, P < 0.05

¢ Bc Bacillus cereus ATCC14579, Lm Listeria monocytogenes ATCC 15313, Si Staphylococcus intermedius ATCC29663, Se Staphylococcus
epidermidis ATCC 12228, Sae Salmonella enterica ATCC 43971, St Salmonella typhimurium IFO 14193, Ss Shigella sonnei ATCC 25931

4" Tetracycline served as positive control
¢ nd not detected

of alizarin against Bacillus cereus (Lee et al., 2013). The
results also indicated that the antimicrobial activity of C.
obtusifolia seeds against the food-borne pathogenic bacte-
ria could be mostly attributed to alizarin. To establish the
structure—activity relationships of four structural ana-
logues, three additional compounds (anthraquinone, 1,4-
dihydroxyanthraquinone, alizarin-3-methyliminodiacetic
acid) were evaluated by the agar diffusion method at
2.0 mg/disc (Table 2). Alizarin-3-methyliminodiacetic
acid exhibited potent activity against S. intermedius
(30.3 mm) and S. enterica (33.1 mm), strong activity
against S. epidermidis (24.5 mm), and moderate activity
against B. cereus (16.8 mm). However, anthraquinone and
1,4-dihydroxyanthraquinone exhibited no growth inhibi-
tory effects against the seven food-borne bacteria. The
structures of the four anthraquinones exhibited different
inhibitory activities against the seven food-borne bacteria.
Alizarin contains hydroxyl functional groups on the
anthraquinone skeleton. Alizarin-3-methyliminodiacetic
acid showed the strongest inhibitory activity against B.
cereus, S. intermedius, S. epidermidis, and S. enterica. In
the case of Alizarin, which has hydroxyl functional groups
conjugated at positions 1 and 2, the inhibitory activity was
observed against B. cereus, S. epidermidis, and S. enterica.
However, 1,4-dihydroxyanthraquinone, which had hydro-
xyl functional groups at positions 1 and 4, showed no
antimicrobial activity against any of the seven food-borne
bacteria. Likewise, anthraquinone, which was a skeleton of
alizarin, showed no antimicrobial activity against the seven
food-borne bacteria. These results indicated that the anti-
microbial activities were affected by the position of the
hydroxyl functional group. Similarly, the antimicrobial
activities were influenced by the position of the hydroxyl
and carboxyl functional groups in the anthraquinone ring
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against S. aureus (Wu et al. 2006). In addition, the different
positions of the hydroxyl and carboxyl functional groups in
the anthraquinone ring led to the enhancement of toxicity
against protozoa (Wu et al. 2006).

Based on the Material Safety Data sheet (Sigma-
Aldrich), the oral lethal dose of alizarin (316 mg/kg) and
alizarin-3-methyliminodiacetic acid (170 mg/kg) indicated
a moderate acute toxicity to mammals (Sigma-Aldrich,
USA). These findings indicate that C. obtusifolia seeds and
alizarin analogues should be useful as natural antimicrobial
compounds, and potentially suitable as a replacement for
artificial preservatives.
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