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ABSTRACT —In order to develop antimicrobial substances, many kinds of medicinal herbs
were extracted with absolute ethanol and then antimicrobial activities against various mi-
croorganisms were investigated. Ethanol extract from cinnamon bark showed the strongest an-
timicrobial activity on the growth of almost all submitted microorganisms. Specially, molds such
as Aspergillus sp. and Pencillium sp. were inhibited strongly. Therefore, the crude antimicrobial
substance from the ethanol extract was fractionated with various solvents such as n-hexane,
chloroform, ethyl acetate, and n-butyl alcohol and then their antimicrobial activities were tested.
Among the various solvent fractions from the ethanol extract, n-hexane fraction was the best in
antimicrobial activity especially against molds.
timicrobial activity of the n-hexane fraction by heat treatment at 100°C for 60 min or 121°C for
15 min and by the change of pH 4.0~10.0. We could get the results that the n-hexane fraction
of cinnamon bark extract showed not only antimutagenicity but also no mutagenicity by Ames
test with Salmonella typhimurium TA 98 and TA 100.

There were no significant changes in an-
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Table 1. List of microorganisms submitted for antimi-
crobial activity of cinnamon bark extract

Strain

Bateria  Bacillus cereus ATCC 11778
Bacillus subtilis ATCC 6633
Enterobacter aerogenes ATCC 13048
Escherichia coli ATCC 25922
Listeria ivanovii ATCC 19119
Salmonella typhimurium ATCC 14028
Staphylococcus aureus ATCC 25923

Yeasts Candida albicans ATCC 2091
Candida intermedia ATCC 14439
Kiuyveromyces fragilis ATCC 46537
Saccharomyces cerevisiae ATCC 18824

Molds  Aspergillus oryzae var viridis ATCC 22788
Aspergillus parasiticus ATCC 1018
Penicillium funiculosum ATCC 11797
Trichoderma viride ATCC 28020

Cinnamon bark (100g)

Extraction with 100ml ethanot for 24h

I

Ethanol extract Sediment

Evaporation(35T) and mess up to 100ml with ethanol

n-Hexane (10% ethanol extract : n-hexane = 1 : 1)

Insoluble fraction Soluble fraction ]«

Chioroform

n-hexane fraction

Insoluble fr|acu'on [ Soluble fraction }« Chlorofarm fraction
Ethyl acetate
-
Insouble raction [ Solabie frction |+~ it et frcin
n-Butanol

Soluble fraction |+~  a-Butanal [raction

Fig. 1. Procedure of solvent fractionation from ethanol ex-
tract of cinnamon bark. Each soluble fraction was
evaporated absolutely and dissolved in 100 m!/ of
absolute ethanol.
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Table 2. Antimicrobial activities of ethanol extract by ex-
traction times from cinnamon bark

1st extract 2nd extract 3rd extract

Bacillus cereus 12 - -
Staphylococcus aureus 9 - -
Escherichia coli + - -
Candida albicans 13 12 -
Aspergillus oryzae 24 22 17

Crushed cinnamon bark (100 g) were soaked 200 ml of
ethanol and shook for 24 hours at room temperature. Resi-
dues obtained were treated, repeatedly.

Each extract was evaporated absolutely, then dissolved 100
m/ of absolute ethanol.

Antimicrobial activities were measured on disk diffusion
method. Each exract loaded 40 pl on paper disk (68 mm)
respectively.

a) Inhibition zone (mm)

+: detected weakly

—: not detected
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Table 3. Antifungal activities of ethanol extract from cin-
namon bark

Ethanol extract

840" 420 210 105
Candida albicans 15" 12 + -
Aspergillus oryzae 50 27 + -~

Antimicrobial activities were measured as the same in Table 2.
Ethanol extract was collected with 1st and 2nd extract, then
evaporated and dissolved 100 m/ of absolute ethanol.
“Soluble solid amount of ethanol extract (ng/disk)

® Inhibition zone (mm)

+: detected weakly

- : not detected
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Table 4. Antimicrobial activities of different solvent frac-
tion from ethanol extract of cinnamon bark

Soluble solid

amounts of each Bacillus Escherichia Candida Aspergillus

fraction (ug/disk) cereus coli albicans  oryzae
984 16" 20 26 NT
492 14 11 18 NT
246 10 - 12 20
n-Hexane 123 — - — 13
62 - - - 11
31 - - - 10
15 - - - -
276 12 10 12 NT
Chloroform 138 9 - - 10
69 - - - -
Ethyl 356 11 9 10 12
acetate 178 - - - -
n-Butanol 904

1 10 10 9
452 - - - -

Antimicrobial activities were measured as the same in Table 2.
Each fraction was evaporated then dissolved 100 mel of ab-
solute ethanol.

¥ Inhibition zone (mm)

—: not detected, NT: not tested.
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Table 5. Antifungal activities of ethanol extract and its n-
hexane fraction from cinnamon bark on Asper-
gillus oryzae

Ethanol extract n-Hexane fraction
192 96 48 58 29 145

Aspergillus oryzae 15 - - 16 12 -

Antimicrobial activities were measured as the same in Table 2.

¥ Soluble solid amount of loaded ethanol extract or n-hexane
fraction (ug/disk)

" Inhibition zone (mm)

—: no growth
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MIC(sldisk)

Fig. 2. Minimum inhibitory concentration of the n-hex-

ane fraction of cinnamon bark extract. Antimicro-
bial activity was measured by broth dilution method
(Lorian, 1991).
B.C: Bacillus cereus ATCC 11778, S.A: Staphylo-
coccus aureus ATCC 25923, E.C: Escherichia coli
ATCC 25922, L.I: Listeria ivanovii ATCC 19119, S.
C: Sacchromyces cerevisiae ATCC 18824, K.F: Kiuy-
veromyces fraglilis ATCC 46537, A.P: Aspergillus
parasiticus ATCC 1018, T.V: Trichoderma viride
ATCC 28020, B.S: Bacillus subtilis ATCC 6633, E.
A: Enterobacter aerogenes ATCC 13048, S.T: Sal-
monella typhimurium ATCC 14028, C.A: Candida al-
bicans ATCC 2091, C.I. Candida intermedia ATCC
14439, A.O: Aspergillus oryzae ATCC 22788, P.F:
Penicillium funiculosum ATCC 11797.

N £
© ©

Inhibition zone(mm)
3

Fig. 3. Change of antifungal activity of n-hexane fraction
from cinnamon bark extract on the growth of As-
pergillus oryzae by pH. Each pH adjusted n-hexane
fraction was stored for 24 hours and antifungal ac-
tivity was measured as the same in Table 2. Soluble
solid amount of n-hexane fraction was 116 pg/disk.
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AANFEE plated 5~160 ug7ta =55 =74

Table 6. Heat stability of n-hexane fraction from cinna-
mon bark extract

Inhibition zone (mm)

control 25

15 min 20

100°C 30 min 17
60 min 18

121°C 15 min 20

Antifungal activity against Aspergillus oryzae was measured
as the same in Table 2 after 100°C or 121°C of n-hexane frac-
tion.
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(A)
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120
Cinnamon bark extract{u)
Fig. 4. Mutagenicity of cinnamon bark extract at various
concentrations. Mutagenicity were assayed by the
Ames test, using Salmonella typhimurium TA-100
(A) and TA-98 (B) in the presence (8f) and ab-
sence () of S9mix.
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Fig. 5. Antimutagenicity of cinnamon bark extract at var-
ious concentrations. Antimutagenic effect against
benzo (o) pyrene (20 ig/plate) were assayed by the
Ames test, using S. typhimurium TA-98 in the pres-
ence of S9 mix. Inhibition (%)=M-S1/M-S0x 100.
M: No. of His" revertants in the presence of mutagen
only, Sy: No. of spontaneous revertants, S,: No. of re-
vertants in the presence of both mutagen and cin-
namon bark extract.
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