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Abstract

Extracts of Citrus sudachi juice and peel were obtained by several organic solvents such as hexane, acetone,
ethyl acetate and methanol. Their antimicrobial spectrum were determined against 14 strains of gram positive
and 4 strains of gram negative bacteria by paper disk method and minimal inhibitory concentiration (MIC)
was also obtained. Antimicrobial activities of solvent extracts from Citrus sudachi juice showed stronger than
those of solvent extracts from peel. Acetone extract from juice showed the strongest antimicrobial activity
among extracts, but the hexane extract did not show antimicrobial activitics on tested target stramns. The MIC
was differant among tested strains; i.e. 0.5% (v/v) to Bacillus subtilis, 1% to Pseudomonas fragi, 1.5% to
Listeria monocytogenes and Escherichia coli O157:H7, 2% to Propionibacterium acnes and Salmonella typh-

imurium, and 2.5% to Staphvlococcus aureus.
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Table 1. Indicator strains and growth condition

Indicator strains Media T?,m D-
(°C)
Streptococcus mutans KCTC 3298 BHI 37
Enterococcus faecalis varliquefaciens
KFRI 675 MRS 37
Staphylococcus aureus ATCC 144458 TSB 37
Bacillus subtilis ATCC 14598 NA 30

Listeria monocytogenes ATCC 19111  BHI 37
Gram Pediococcus cerevisiae KCTC 1628 MRS 37
(+) Lactobacillus plantarum NCDO 955 MRS 37

L. reuteri NCFB 2589 MRS 37
L. delbrueckii KCTC 9649 MRS 37
L. fermentum KFRI 164 MRS 37
L. bulgaricus ATCC 33409 MRS 37
L. casei ATCC 393 MRS 37
Propionibacterium acnes ATCC 6919  YGB 30
Escherichia coli ATCC 25922 NA 37

Gram Escherichia coli O157:H7 ATCC 43894 TSB 37
(-)  Salmonella typhimurium KCTC 1925  NA 37
Pseudomonus fragi ATCC 27362 TSB 30
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Table 2. Antimicrobial activities of solvent extracts from Citrus sudachi against various microorganisms

. . Sudachi extracts

Indicator strains -
1 2 3 4 5 6 7 8
Streptococcus mutans KCTC 3298 T 13 - - 9 12 11 5
Enterococcus faecalis varliquefaciens KFRI 675 - + - - - - - 12
Staphylococcus aureus ATCC 144458 12 18 - - 13 15 16 20
Bacillus subtilis ATCC 14598 14 14 - - 15 16 21 28
Listeria monocytogenes ATCC 19111 12 20 - - 13 15 19 26
Pediococcus cerevisiae KCTC 1628 - - - - - - - +
Gram Lactobacillus plantarum NCDO 955 - + - - - - +
+) L. reuteri NCFB 2589 - + - - - +
L. delbrueckii KCTC 9649 - 13 - - - - 12
L. fermentum KFRI 164 - + - - - - +
L. sake KFRI 816 - + - - - - *
L. bulgaricus ATCC 33409 - + - - - - +
L. casei ATCC 393 - + - - - - - +
Propionibacterium acnes ATCC 6919 18 23 - - 16 20 19 25
Escherichia coli ATCC 25922 17 25 - - 12 22 19 26
Gram Escherichia coli O157:H7 ATCC 43894 16 22 - - 18 22 21 26
) Salmonella typhimurium KCTC 1925 12 19 - - 13 15 19 22

Pseudomonas fragi ATCC 27362

=+ 12 - - 10 12 16 21

1 : Sudachi peel-methanol(P-M) extract
2 : Sudachi juice-methanol(J-M) extract
3 : Sudachi peel-hexane(P-H) extract
4 : Sudachi juice-hexane(J-H) extract

*: weak activity —: no activity a: diameter(mm) of clear zone
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5 : Sudachi peel-ethyl acetate(P-E) extract
6 : Sudachi juice-ethy! acetate(J-E) extract
7 : Sudachi peel-acetone(P-A) extract
8 : Sudachi juice-acetone(J-A) extract
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Table 3. Antimicrobial activities of Citrus sudachi juice-acetone extract and citric acid solutions

Indicator strains Citric acid (%) Sudachi juice-

2 3 4 5 10 acetone extract
Streptococcus mutans KCTC 3298 - - + + 9 15
Staphylococcus aureus ATCC 144458 - - 9* 10 i1 20
Bacillus subtilis ATCC 14598 12 14 15 18 22 28
Listeria monocytogenes ATCC 19111 - + 12 14 16 26
Propionibacterium acnes ATCC 6919 - 11 12 14 17 25
Escherichia coli ATCC 25922 13 15 16 17 20 26
Escherichia coli O157:H7 ATCC 43894 - 11 12 14 18 26
Salmonella typhimurium KCTC 1925 + 12 14 15 21 22
Pseudomonas fragi ATCC 27362 - - + il 13 21

+: weak activity — : no activity a: diameter(mm) of clear zone
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Table 4. Organic acids content of solvent extracts from
Citrus sudachi

Sample Solvent C_itric Malic Su.ccinic
acid(%) acid(%)  acid(%)
Juice Hexane - - -

Acetone 3.73 0.90 042

Ethyl acetate 1.08 0.94 0.22

Methanol 383 1.10 0.52

Peel Hexane 0.06 0.02 0.04

Acetone 3.19 0.80 1.52

Ethyl acetate 0.92 0.22 0.24

Methanol 347 0.08 0.98

Column : Aminex HPX-87H(300 mm X 7.8 mm)
Mobile phase : 4 mM sulfuric acid
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Fig. 1. Antimicrobial activities of solvent extracts from
Citrus sudachi against various microorganisms
1 Staphylococcus aureus ATCC 144458

: Bacillus subtilis ATCC 14598

: Listeria monocytogenes ATCC 19111

. Propionobacterium acnes ATCC 6919

: Escherichia coli ATCC 25922

: Escherichia coli O157:H7 ATCC 43894

: Salmonella tvphimurium KCTC 1925

. Sudachi peel-methanol(P-M) extract

: Sudachi juice-methanol(J-M) extract

: Sudachi peel-ethyl acetate(P-E) extract

: Sudachi juice-ethyl acetate(J-E) extract

: Sudachi peel-acetone(P-A) extract

: Sudachi juice-acetone(J-A) extract
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Table 5. Growth of target microorganisms in media containing Citrus sudachi juice-acetone extracts

. . Citrus sudachi juice-acetone extract concentration(%) MIC
Indicator strains

0 0.3 0.5 1.0 1.5 2.0 2.5 (%)

Staphylococcus aureus ATCC 144458 + + + + + + - 25
Bacillus subtilis ATCC 14593 + + - - - - - 05
Listeria monocytogenes ATCC 19111 + + + + - - - 1.5
Propionibacterium acnes ATCC 6919 + + + + + - - 20
Escherichia coli 0157:H7 ATCC 43894 + + + + - - - 1.5
Salmonella typhimurium KCTC 1925 + + + + * - - 2.0
Pseudomonas fragi ATCC 27362 + -+ + — - - - 1.0

+: growth *: weak growth —: no growth
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