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Abstract

To identify ingredients responsible for the antibacterial properties of umeboshi, the inhibitory
effects of organic acids and amygdalin-related compounds (citric acid, malic acid, acetic acid,
amygdalin, benzaldehyde, and benzyl alcohol) against Staphylococcus aureus FDA 209P and Escherichia
coli NIHJ JC-2 were compared at concentrations found in 20% salt pickled Japanese apricot
(Umeboshi) using the paper disc diffusion method and an assay of rapid bactericidal capacity.

Citric acid showed a potent antibacterial activity, suggesting that this predominant organic
acid plays a major role in the antibacterial properties of Umeboshi.

A mixture of citric, malic, and acetic acids exhibited higher antibacterial activity than citric
acid alone, and the addition of salt to the mixture at a concentration of 20% resulted in a much higher
activity. No antibacterial activity was observed with amygdalin, benzaldehyde, or benzyl alcohol.

These results suggested that the antibacterial properties of Umeboshi may be attributed to
the synergistic effects of its organic acid content and salt added during processing.
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Table 1 Analytical results of malic acid, acetic acid, citric acid, AM, BeOH, BAL
and BA in pickled Japanese apricot (Umeboshi)

Sample Malic acid  Acetic acid  Citric acid AM BeOH BAL BA
b (%) (%) (%) (%) (%) (%) (%)

Kishu ume
(Salt content 20%) 0.53 0.17 463 0.037 0.004 0.004 N.D.
Kishu ume 0.21 0.13 2.00 0016  0.005 0033  N.D.

(Salt content 10%)

N.D.: not detected

Table 2 Antibacterial activity of each organic acid determined by the paper disk diffusion test (mm)

Inhibition zone of citric acid (mm)

Microorganism
10% 8 % 6 % 4% 2% 1% 0.1% 4.63%
S. aureus FDA 209P 32 32 30 23 17 10 23
E. coli NIHJ JC-2 20 19 15 12 — — 12
Inhibition zone of malic acid (mm)
Microorganism
10% 8 % 6 % 4% 2% 1% 0.1% 0.53%
S. aureus FDA 209P 34 32 30 24 16 10 —
E. coli NIHJ JC-2 18 18 14 11 9 — —
Inhibition zone of acetic acid (mm)
Microorganism
10% 8% 6% 4% 2% 1% 0.1% 0.17%
S. aureus FDA 209P 52 52 36 28 18 14 —
E. coli NIHJ JC-2 34 34 28 20 13 10 —

(more than 9 mm : antibacterial activity)

Table 3 Antibacterial activity of each organic acid determined by the paper disk diffusion test (mm)

Inhibition zone of oxalic acid (mm)

Microorganism
10% 8 % 4 % 2 % 1% 0.1% 0.01%  0.003%
S. aureus FDA 209P 29 Al 18 10 — — —
E. coli NIHJ JC-2 17 16 12 9 — — —
Inhibition zone of formic acid (mm)
Microorganism
10% 8 % 4% 2% 1% 0.1% 0.01%  0.003%
S. aureus FDA 209P 32 32 23 18 — — —
E. coli NIHJ JC-2 25 21 14 14 10 — —
Inhibition zone of succinic acid (mm)
Microorganism
10% 8% 4% 2% 1% 0.1% 0.01%  0.003%
S. aureus FDA 209P 17 15 11 — — — —
E. coli NIHJ JC-2 11 10 — — — — —

(more than 9 mm : antibacterial activity)
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Fig.1 Antibacterial activity of Amygdalin solution (1 ~10%)
to S. aureus FDA 209P and E. coli NIHJ JC-2
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Fig. 2 Antibacterial activity of Benzylalcohol solution (1~10%)
to S. aureus FDA 209P and E. coli NIHJ JC-2
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Fig. 3 Antibacterial activity of Benzaldehyde solution (1~10%)
to S. aureus FDA 209P and E. coli NIHJ JC-2
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Table 4 Antibacterial activity of Amygdalin related compounds determined
by the paper disk diffusion test (mm)

Inhibition zone of Amygdalin (mm)

Microorganism

10% 8% 6 % 4% 2% 1% 0.1% 0.037%

S. aureus FDA 209P — — — — — _ _ _
E. coli NIHJ JC-2 — — — — — _ _ _

Inhibition zone of Benzylalcohol (mm)

Microorganism
10% 8 % 6 % 4% 2% 1% 0.1% 0.004%
S. aureus FDA 209P 15 15 14 — — — — —
E. coli NIHJ JC-2 15 15 14 — — — — —
Inhibition zone of Benzaldehyde (mm)
Microorganism

10% 8% 6 % 4% 2% 1% 0.1% 0.004%

S. aureus FDA 209P — — — — — _ _ _
E. coli NIHJ JC-2 — — — — — _ _ _

Inhibition zone of Benzoic acid (mm)

Microorganism
10% 8% 6 % 4% 2% 1% 0.1% N.D.
S. aureus FDA 209P 33 31 30 21 14 10 — —
E. coli NIHJ JC-2 20 18 17 13 — — — —

(more than 9 mm : antibacterial activity)

Fig. 4 Antibacterial activity in content of each organic acid in pickled Japanese apricot
(Umeboshi) to S. aureus FDA 209P and E. coli NIHJ JC-2

E.coliNIH:

Table 5 Antibacterial activity of mix organic acid determined by the paper disk diffusion test (mm)

Inhibition zone (mm)

Microorganism
3 organic acid mix 3 organic acid mix added NaCl 20%
S. aureus FDA 209P 24 25 (+1)
E. coli NIHJ JC-2 13 15 (+2)

(more than 9 mm : antibacterial activity)
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Fig. 5 Antibacterial activity of pickled Japanese apricot (Umeboshi)
to S. aureus FDA 209P and E. coli NIHJ JC-2
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Fig. 6 Bacterial activity in the content of each organic acid in pickled
Japanese apricot (Umeboshi) to various bacterial
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Fig. 7 Effect of pH on antibacterial activity
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