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Figure 6. Physical appereances of ethyl acetate extracts (A) and essential oils (B) from peels of

various citrus cultivars.
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various citrus cultivars.
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Table 15. MIC and MBC/MFC (mg/ml) of crude ethyl acetate extracts and essential oils from citrus peels against Gram-positive bacteria.

MIC & Citrus cultivars
Extraction
Microorganisms MBC  kaffir acidless neck round
methods lime pomelo Chugun
(mg/ml)  lime orange orange  kumquat
MIC 056 056 >2.25 >2.25 2.25 2.25 2.25
Ethyl acetate
MBC 0.56 056 >2.25 >2.25 2.25 2.25 2.25
B. cereus
MIC 1.13 >225 >2.25 >2.25 >2.25 >2.25 >2.25
Hydrodistillation
MBC 1.13 >225 >2.25 >2.25 >2.25 >2.25 >2.25
MIC 1.13 1.13 >2.25 >2.25 >2.25 >2.25 >2.25
Ethyl acetate
MBC 1.13 1.13 >2.25 >2.25 >2.25 >2.25 >2.25
S. aureus
MIC 225 >225 >2.25 >2.25 >2.25 >2.25 >2.25
Hydrodistillation
MBC 225 >225 >2.25 >2.25 >2.25 >2.25 >2.25
MIC 1.13 .13 >2.25 >2.25 >2.25 0.56 >2.25
Ethyl acetate
MBC 225 225 >2.25 >2.25 >2.25 1.13 >2.25
L. monocytogenes
MIC >2.25 >225 >2.25 >2.25 >2.25 >2.25 >2.25
Hydrodistillation

MBC >2.25 >225 >2.25 >2.25 >2.25 >2.25 >2.25
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Table 16. MIC and MBC/MFC (mg/ml) of crude ethyl acetate extracts and essential oils from citrus peels against Gram-negative bacteria.

MIC & Citrus cultivars
Extraction
Microorganisms MBC  Kaffir acidless neck round
methods lime pomelo chugun
(mg/ml)  lime orange orange  kumquat
MIC >2.25 >225 >225 >2.25 >2.25 >2.25 >2.25
Ethyl acetate
MBC  >225 >225 >225 >2.25 >2.25 >2.25 >2.25
Salmonella sp.
MIC >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25
Hydrodistillation
MBC  >225 >225 >225 >2.25 >2.25 >2.25 >2.25
MIC >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25
Ethyl acetate
E.coli O157 : H7 MBC  >225 >225 >2.25 >2.25 >2.25 >2.25 >2.25
DMST 12743 MIC >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25
Hydrodistillation

MBC  >225 >225 >225 >2.25 >2.25 >2.25 >2.25
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Table 17. MIC and MBC/MFC (mg/ml) of crude ethyl acetate extracts and essential oils from citrus peels against yeasts and fungi.

MIC & Citrus cultivars
Extraction
Microorganisms MBC  Kkaffir acidless neck round
methods lime pomelo Chugun
(mg/ml)  lime orange orange kumquat
MIC 0.28  0.56 0.56 >2.25 1.13 1.13 2.25
Ethyl acetate
MFC 0.56  0.56 0.56 >2.25 1.13 1.13 2.25
S. cerevisiae var. sake
MIC 028 >2.25 >2.25 >2.25 >225 >2.25 >2.25
Hydrodistillation
MFC 0.56 >2.25 >2.25 >2.25 >225 >2.25 >2.25
MIC 1.13 225 >2.25 >2.25 >225 >2.25 >2.25
Ethyl acetate
MFC 225 225 >225 >2.25 >225  >2.25 >2.25
C. albicans
MIC 225 >225 >225 >2.25 >225 >2.25 >2.25
Hydrodistillation
MFC 225 >225 >225 >2.25 >225 >2.25 >2.25
MIC 1.13 225 0.56 0.28 0.56 2.25 >2.25
Ethyl acetate
A. fumigatus MFC 225 225 1.13 0.28 0.56 >2.25 >2.25
TISTR 3180 MIC 225 >225 >225 >2.25 >2.25 2.25 >2.25
Hydrodistillation

MFC  >2.25 >225 >225 >2.25 >2.25 >2.25 >2.25
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Table 18. Chemical compositions (%) of ethyl acetate extract and essential oil from kaffir lime
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peel.
Kaffir lime peel
Components
Ethyl acetate extract Essential oil

Limonene 31.64 8.13
Citronellal 25.96 15.67
beta-pinene 6.83 30.48
Sabinene 5.43 22.75
Citronellol 1.89 3.24
citronellyl acetate 5.41 -
delta-cadinene 3.21 -
alpha-copaene 2.99 -
trans-caryophyllene 2.88 -
l-isopulegol 2.13 -
trans-sabinene hydrate 1.74 -
germacrene-d 1.34 -
Myrcene 1.33 -
4-terpineol - 6.61

alpha-pinene - 305

m-cymene - 0.85
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Table 19. MIC and MBC/MFC values of limonene, citronellal, limonene + citronellal and kaffir lime

extract against microorganisms.

MIC and MBC/MFC values (mg/ml)

limonene +
Microorganisms kaffir lime
limonene citronellal citronellal
extracts
(1:1)
B. cereus >2.25/>2.25 1.13/1.13 1.13/1.13 0.56/0.56
B. cereus spore >2.25/>2.25 >2.25/>2.25 >2.25/>2.25 1.13/1.13
S. aureus >2.25/>2.25 >2.25/>2.25 >2.25/>2.25 1.13/1.13
L. monocytogenes >2.25/>2.25  >2.25/>2.25  >225/>2.25 1.13/2.25
Salmonella sp. >2.25/>2.25 >2.25/>2.25 >2.25/>225 >2.25/>2.25
E.coli 0157 : H7 DMST 12743 >2.25/>2.25 >2.25/>2.25 >2.25/>225 >2.25/>2.25
S. cerevisiae var. sake >2.25/>2.25 1.13/2.25 >2.25/>2.25 0.28/0.56
C. albicans >2.25/>2.25 2.25/2.25 >2.25/>2.25 1.13/2.25
A. fumigatus TISTR 3180 >2.25/>2.25 >2.25/>2.25 >2.25/>2.25 1.13/2.25
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Table 20. Effect of pH on antimicrobial activity of ethyl acetate extracts from kaffir lime peel

against B. cereus.
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pH MIC (mg/ml) MBC (mg/ml)
4.5 0.28 0.28
5 0.28 0.56
5.5 0.56 0.56
6 0.56 0.56
6.5 0.56 0.56
7 0.56 0.56
7.5 1.13 1.13
no adjusted pH 0.56 0.56
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Table 21. Antimicrobial activities of ethyl acetate extract from kaffir lime peel at pH 7 and 4.5.

pH7 pH 4.5
Microorganisms

MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)
S. cerevisiae var. sake 0.28 0.56 1.13 2.25
S. aureus 1.13 1.13 0.28 0.28
L. monocytogenes 1.13 1.13 1.13 1.13
B. cereus 0.56 0.56 0.28 0.28
E. coli 0157 : H7 DMST 12743 >2.25 >2.25 2.25 >2.25
Salmonella sp. >2.25 >2.25 2.25 >2.25
C. albicans 2.25 2.25 2.25 >2.25
A. fumigatus TISTR 3180 1.13 2.25 1.13 2.25
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Table 22. Effect of heat treatments on antimicrobial activities against B. cereus of ethyl acetate

extract from kaffir lime peel.

Heat treatments MIC (mg/ml) MBC (mg/ml)
No heat treatment 0.56 0.56
72'C 15 min 0.56 0.56
100 C 15 min 1.13 1.13
121°C 15 min 1.13 .13
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Table 23. Antimicrobial activity of ethyl acetate extract of kaffir lime peel treated at 72 °C for 15 min.

No heat treatment 72'C 15 min
Microorganisms
MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)
S. cerevisiae var. sake 0.28 0.56 0.28 0.56
S. aureus 1.13 1.13 1.13 1.13
L. monocytogenes 1.13 1.13 1.13 2.25
B. cereus 0.56 0.56 0.56 0.56
E. coli O157: H7 DMST 12743 >2.25 >2.25 >2.25 >2.25
Salmonella sp. >2.25 >2.25 >2.25 >2.25
C. albicans 2.25 2.25 2.25 >2.25
A. fumigatus TISTR 3180 1.13 2.25 2.25 2.25
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Figure 8. Survival of B. cereus in MHB contained DMSO 0.23 % (D) and ethyl acetate extract of

kaffir lime peel at concentration 0.28 mg/ml (<>), 0.56 mg/ml (A), 1.13 mg/ml (X) and

2.25 mg/ml (O)
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Table 24. Effect of wheat flour, palm oil and skim milk on antimicrobial activities of ethyl acetate extracts from kaffir lime peel in MHB for bacteria YM for

yeasts and PDB for fungi.

medium broth medium broth+ wheat flour medium broth + palm oil medium broth+skim milk
Microorganisms
MIC(mg/ml) MBC(mg/ml) MIC(mg/ml) MBC(mg/ml) MIC(mg/ml) MBC(mg/ml) MIC(mg/ml) MBC(mg/ml)
B. cereus 0.56 0.56 0.56 0.56 0.56 1.13 0.56 0.56
S. cerevisiae var. sake 0.28 0.56 1.13 1.13 0.56 1.13 0.56 1.13
S. aureus 1.13 1.13 1.13 2.25 2.25 2.25 1.13 1.13
L. monocytogenes 1.13 1.13 1.13 2.25 2.25 >2.25 1.13 2.25
E. coli O157: H7 DMST 12743 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25
Salmonella sp. >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25 >2.25
C. albicans 2.25 2.25 1.13 2.25 >2.25 >2.25 2.25 2.25

A.fumigatus TISTR 3180 1.13 2.25 1.13 2.25 2.25 2.25 1.13 2.25
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Table 25. Cytotoxicity against HT-29, KB, Hela and MCF-7 of ethyl acetate extract from kaffir lime

peel, limonene and citronellal at concentration of 25 pg/ml.
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Inhibition (%)
Compounds
HT-29 KB Hela MCF-7
ethyl acetate extract 56.42 100 98.5 99.06
Limonene -3.87 5.45 -78.78 15.28
Citronellal 18.08 91.44 78.58 53.59
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Figure 9. TEM images of B. cereus after exposure to 0.25 % DMSO (A), 0.56 mg/ml of ethyl

acetate extract from kaffir lime (B), and 1.13 mg/ml of citronellal (C) at 37 °C for 9 hours.
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