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ABSTRACT

Five antifungal substances were isolated from the long-term storaged extract of common purslane, and
identified as isobutyric, butyric, isovaleric, valeric and caproic acids belonging to short-chain fatty acids (C4.
C6). Each of these fatty acids showed more or less antifungal potency against spore germination and mycelial
growth of Alternaria alternata Japanese pear pathotype in vitro. Antifungal potency of each fatty acid against
spore germination was greater than that against the mycelial growth. No one of these fatty acids completely
inhibited the mycelial growth at concentration lower than 200 ppm, while 50 ppm of caproic acid and 200 ppm
of valeric acid completely inhibited the spore germination. The results of bioassay also suggested that chain-
length of the fatty acids might be related with the antifungal potency, since fatty acids with longer chain

showed higher antifungal potency.

Key words: fatty acids, Portulaca oleraces, antifungal effect.

28 s £ #uE ol A SRl Lttt #iTel MEEsigle st ol #Tlel isobutyric acid, bu-
tyric acid, isovaleric acid, valeric acid Z®/3L caproic acid &¥ 38 C4-CG6 2l fRyuhilinge = Ll
sl Kol Mlisg-e SNTikaol Al Lol il oby- 710U C Alternaria alternata Japanese
pear pathotype) ol Mu-i-9% vt fiffl e chzbol pLdsbalch gz fFel alel i szl bl
ARl ol psiiidol g lael Zich @zl 200ppm KL el rted Al pgslbe &g el L ol
itk Mslisge sk 21l Alwt caproic acid @ 50ppm 3h valeric acid ©1 200 ppm & i 9% B3 Si
sl al ok, mal il el Bl AL of e Malthni ol BOA AL el el b 0% w0 i

HejFglonm g pliAdel 2oty L yxt Wb olds e fibsizx] el ol



KOREAN J. PLANT PATHOL. Vol.2, No.2, 1986 83

INTRODUCTION

It has been known that some of apple growers
have used the common purslane extract as a thera-
peutant for control of apple canker caused by Valsa
ceratosperma in Korea since 1973(7). Practical

trials to use-the common purslane extract for the

disease control were carried out by some workers

of Horticultural. Experiment Station, Suwon Korea
for three years from 1980 to 1982, and the results
from the field tljials presented some informations
that the extract apparently' showed antifungal
efficacy for control of apple canker and moreover
it was superior to the other chemicals recommended
by the government(2). One of the authors and his
coworkers that MeOH-soluble fraction of the ex-
tract inhibited mycelial growth and spore germina-
tion of phytopathogenic fungi such as Valsa cera-
tosperma, Alternaria alternata Japanese pear patho-
type and Pyricularia oryzae in vitro, and its active
principle was regarded as a kind of lipid(7),

There are some reports on the antimicrobial
activities of fatty acids and their derivatives(5,6,10,
12,13). Some of N-substituted amides of fatty
acids, fatty esters and aliphatic acids which inhibit
mycelial growth and spore germination of some
phytopathogenic microbes were reported by some
workers, However, none of fatty acids obtained
from natural plant products was reported to possess
antimicrobial potency. On the other hand, some of
fats and fatty acid derivatives are known as growth
stimulants and carbon sources for some phyto-
pathogenic fungi(t 4). Investigations for practical
use of antifungal fatty acids obtained from natural
plant products must be an important task in the
respect of future environmental problems to reduce
several hazards.

In the present work, we have isolated the anti-
fungal fatty acids inhibiting both mycelial growth
and spore germination of Alternaria alternata
Japanese pear pathotype from extract of common

purslane by the selective use of organic solvents,

silica gel column chromatography, thin layer chro-
matography and gas chromatography, identified
the chemical structure of each fatty acid by gas
chromatography and mass spectroscopy, and con-
firmed the chemical identification of each fatty
acid by comparison of gas chromatogram and mass
spectrum of the corresponding authentic sample

obtained commercially,
MATERIALS AND METHODS

Preparatidn of common purslane extract. Fresh
common purslane collected from upland fields was
cut and ground in a mortar with addition of small
amount of water, strained through cheese-cloth
andAsqueezed in a hand press to obtain the crude
extract. It was pooled in a storage jar and naturally
fermented under comparatively high temperature
for about two weeks. Thercafter it has been pre-
served more than one year at room temperature,
To set up the isolation of antifungal substance, it
was autoclaved and filtered through filter paper.

Isolation of antifungal substances. The auto-
claved and filtered extract (1 2) was concentrated
by evaporation under vacuum at 50°C and the
concentrate (100 ml) was extracted with MeOH
(2x100 ml) by shaking. The precipitated layer
was discarded and the MeOH-oluble layer was
concentrated under vacuum at 35°C to prepare the
same volume of aqueous solution by addition of
distilled water. The aqueous solution adjusted to
pH 3.5 with HCl was extracted with EtOAc three
times and the EtOAc layer was concentrated by
evaporation under vacuum. The residue was ex-
tracted with n-llexane and the n-llexane layer was
concentrated to dryness under vacuum after it was
pooled. The residue was chromatographed on a
silica gel column (Wakogel C-200). The column was
developed stepwise with varying proportions of
n-lexane and EtOAc. The n-llexane/l:'tOAc (8:2,
v/v) eluate, colorless liquid, was evaporated to
dryness and then subjected to silica gel TLC witha

solvent system of n-llexane/EtOAc (8:2, v/v). The

-
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Fig. 1. Isolation procedure of antifungal fatty acids
from common purslane.

plates were scraped into several zones different in
Rf value and each zone was eluted with acetone
for bioassay and chemical analysis. The purified
antifungal fatty acids were obtained from the last
TLC at R{f 0.8 on the separated zones. The isolation
procedures are summarized in Fig. 1. During the
isolation procedure, antifungal potency of active
fractions was monitored by biological activities
against conidia germination of the test fungus.
The active fraction obtained from the last TLC
was further chromatographed with a JEOL JGC gas
chromatograph (GC) as follows: A solution of the
sample in ethyl acetate were injected into a JEOL
JGC-1100 equipped with the gass column (3mm ID
x 2m) which was packed with 5% SP-1200 on 80-
100 mesh Uniport S. Carrier gas was nitrogen with
2 flow rate of 45 mi/min. and column temperature
was 100°C.

Identification of antifungal substances. For
identification of each compound resolved by gas
chromatographic isolation, gas chromatography-
mass spectroscopy(GC-MS) was carried out as

follows: A solution of the sample in ethyl acetate

were on-column injected into a JEOL GCGOS ga
chromatograph connected to a JEOL DX 300 mas
spectrometer through a two-stage all-glass je
separator, The glass column (Zmm ID x 2m) wa
packed with 5% SP-1200 on 80-100 mesh Unipor!
S. Carrier gas was helium with a flow rate of 40 ml,
min and column temperature was 100°C. The elec
tron impact mass spectra were obtained at 70 eV
Each of the authentic samples was used as the check
in the gas chromatographic isolation and mass

spectroscopic identification.

Bioassay of active fractions and identified
compounds, During the isolation procedures,
antifungal potency of each fraction against conidia
germination of Alternaria alternata Japanese patho-
type was monitored by the filter paper disc égar
diffusion method. Conidia and mycelial mats of the
fungus were also used to investigate antifungal
potency of each fatty acid finally identified. The
inocula were prepared as follows: The mycelial
mats were obtained from the § to 7 day-old cultures
on potato sucrose agar (PSA) at 26°C unless other-
wise noted. The conidia were harvested by blushing
and suspending the 5 to 7 day-old cultures on PSA
in distjlled water, the conidial suspension was then
sieved through a few of layers of cheese cloth and
adjusted to give the final concentration which was
determined microscopically to observe 20-30
spores/field at 100 x. The culture media were pre-
pered as follows: Water agar (2%) for the canidia
germination and PSA for the mycelial growth were
prepared respectively. No attempt was made to
control pH of each medium. Each medium was
finally prepared to contain 5% acetope as a dis-
persant of each compound in it. The conidial sus-
pension prepared as the inoculum was sprayed on
the water agar containing a given concentration of
each compound by a glass atomizer, each plate
was incubated at 26°C for 24 hr and the germina-
tion rate and germ tube elongation were microsco-
pically observed. On the other hand, approximately
4mm disc of the mycelial mats prepared as the

inoculum was seeded on PSA containing a given
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concentration of each compound, each plate was
incubated at 26°C for 5 days and the mycelial
growth was observed. Concentrations of each
compound were ranged from 50 to 400 ppm at
intervals of 50 ppm.

RESULTS AND DISCUSSIONS

Isolation and Identification of antifungal sub-

stances. During the isolation procedures as shown

in Fig, 1., the active fractions succeedingly obtained
from MeOH extract, EtOAc extract, n-Hexane
extract, eluate (colorless liquid) separated from
silicé gel column chromatography with a solvent
system of n-Hexane/EtOAc (8:2, v/v) and acetone
eluate of the Rf 0.8 zone on TLC developed with
the same solvent system by the bioassay.- The
acetone eluate was subjected to gas-chromatogra-
phic isolation were clearly resolved into five frac-
tions showing the respective peak at 5.8, 7.6, 10.9
15.3 and 31.2 min. of retention times as shown in
Fig. 2. For identification of the resolved fractions
GC-MS analysis were succeedingly carried out.
Mass spectra of Ist fraction (retention time 5.8
min,) showed, m/e 88(M+), 73(M+, CH3) and 43
corresponding to isobutyric acid (C4HgO,;) as
shown in Fig. 3. Mass spectra of 2nd fraction
(retention time 7.6 min.) showed, m/e 88(M+),
73(M+, CH;) and 60 corresponding to butyric acid

(C4H50,) as shown in Fig. 4. Mass spectra of 3rd
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Fig. 2. GC analysis of the active fraction obtained
from the extract of common purslane (Por-

tulaca oleracea),
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Fig. 3. Mass spectra of isobutyric acid from the

‘ extract of common purslane.
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Fig. 4. Mass spectra of butyric acid from the extract
of common purslane.
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Fig. 5. Mass spectra of isovaleric acid from the
extract of common purslane.

fraction (retention time 10.9 min.) showed, m/e
102(M+), 87(M+, CH,), 74(M+, CO) and 60 cor-
responding to isovaleric acid (CsH;50,) as shown
in Fig. 5. Mass spectra of 4th fraction (retention
time 153 min.) showed, m/e 102(M+), 73(m+,
C,Hs) and 60
(CgH,00,) as shown in Fig. 6. Mass spectra of 5th

corresponding to valeric acid

fraction(retention time 31.2 min.) showed, m/e
116(M+), 87(M+ C,;Hg), 73(M+, C;3H,) and 60

200 mse
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Fig. 6. Mass spectra of valeric acid from the extract
of common purslane,
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Fig.7. Mass spectra of natural and authentic
caproic acid

corresponding to caproic acid (C¢H,,0,) as shown
in Fig. 7. GC-MS analysis of the active fraction also
gave the reconstructed ion chromatogram shown in
Fig. 8. That showed the presence of isobutyric,
butyric, isovaleric, valeric and caproic acids. Chemi-
cal identification of each fatty acid was confirmed
by comparison of its gas chromatogram and mass
spectrum with those of the authentic sample as
shown in Fig. 2, 3, 4, 5, 6 and 7. The results of
bioassay showed that each of fatty acids possess
more or less antifungal potency inhibiting spore
germination of the test fungus. As previously
suggested by one of the authors and his co-worker
(7), those of antifungal substances obtained from
extract of common purslane are well-known short-
chain fatty acids {C4-Cg) as natural or synthetic
products, although they are not yet listed in fungi-
toxic substances. Recently, another report in
addition to our previous report(8) on the antifungal

fatty acids was presented by Schmidt L.L.(12).
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Fig. 8. Reconstructed ion chromatogram of the
active fraction obtained from the extract
of common purslane (Portulaca oleracea)..
(1) isobutyric acid, (2) butyric acid, (3) iso-
valeric acid, (4) valeric acid, (5) caproic acid.

In his study, more active capry(C8), pelargonic(C9)
and capric(C10) acids than valeric(CS) and caproic
(C6) are listed as spore germination inhibitors of
some wood-decay fungi. )

Antifungal potency of the identified fatty acids.
The further studies to evaluate antifﬁngal potency
of each fatty acid were carried out using Alternaria
alternata Japanese pear pathotype as the test
fungus. The results showed that each fatty acid
inhibited not only conidia germination but also
mycelial growth of the test fungus even though
their antifungal potency were different from each
other as shown in Table 1 and 2. None of these
fatty acids except caproic acid completely inhibited
the conidia germination at lower concentration than

150 ppm, but caproic acid completely inhibited the

Table 1. Effects of fatty acids in common purslane
on conidia germination of Alternaria
alterngta Japanese pear pathotype incu-
bated for 24 hr. at 26°C on the water

agar?
Concentration(ppm)
Fatty acid
0 50 100150200250 300
isobutyric acid ++" ++ + + + + -
butyric acid ++  ++ o+ o+ o+~ -
isovalericacid ++ ++ + + + — -
valeric acid ++ + + o+ - - =
caproic acid ++ - - - - = =

* The medium containing 5% of acetone.

't ++ = normal germination, + = germination delay-
ed and germ tube elongation retarded, — = com-
pletely inhibited germination,
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Table 2. Effects of fatty acids in common purslane
mycelial growth of Alrernaria alternata
Japanese pear pathotype incubated for
5 days at 26°C on the PSA®.

Concentration(ppm)
0 150200 250 300 350 400

Fatty acid

isobutyric acid +HP o+ o+ 4+ o+ 4

butyric acid o+ o+ o+ - =
isovaleric acid ++ + + + - - -
valeric acid ++ o+t = - - -
caproic acid oo+ + - - = -

? The medium containing 5% of acetone.

b ++ = normal growth, + = mycelial growth signi-'

ficantly retarded, — = no growth.

conidia germination at 50 ppm. In general, 25 ppm
of caproic acid, 50 ppm of valeric acid and 100 ppm
of the other three fatty acids inhibited normal
germination of the conidia, and minimal inhibitory
concentration (MIC) of each fatty acid against the
condia germination appeared to be in the range of
25 to 50 ppm for caproic acid, 150 to 200 ppm for
valeric acid, 200 to 250 ppm for isovaleric acid and
butyric acid and 250 to 300 ppm for isobutyric
acid as shown in Table 1. The conidia on fatty acid-
amended water agar in which their germination was
completely inhibited germination were obviously
deteriorated by vacuolation and fragmentation of
cytoplasm soon or later. The pattern of cytoplasm
deterioration of conidia on fatty-acid amended
water agar resembled that encountered in earlier
reports by some workers(11, 12). One of recent
works on the antifungal fatty acids presented that
fatty acids of chain-lengh C8-C10 such as caprylic
(C8), pelargonic (C9) and capric (C10) prevented
spore germination and killed spores of some wood-
decay fungi at concentration of 20 to 50 ppm in
media, whereas other acids such as valeric (C5),
caproic (C6), and enanthic (C7) tested were less
active, and 1000 ppm of valeric acid, 100 ppm of
caproic acid and 100 ppm of enanthic acid com-
pletely inhibited spore germination of the tested
fungi. Our results suggested that chain-length of
each fatty acid tested might be correlated with the

antifungal potency, since the fatty acids with
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longer chain-length showed higher antifungal
potency as shown in Table 1. No one of the anti-
fungal fatty acids completely inhibited the mycelial
growth at concentration lower than 200 ppm. Of
antifungal fatty acids tested, 250 ppm of caproic
and valeric acids, 300 ppm of isovaleric acid and
350 ppm of butyric acid completely inhibited the

mycelial growth, while isobutyric acid showed

-only significant retardation of the mycelial growth

even at 400 ppm, as shown in Table 2. The results
also showed that MIC of each fatty acid against
the mycelial growth was in the range of 200 to 250

ppni for caproic acid and valeric acid, 250 to 300

- ppm for isovaleric acid, for 300 to 350 pprﬁ, and

higher than 400 ppm for isobutyric acid. MIC of
each fatty acid against the mycelial growth was
more or less higher than that against conidial
germination, It is not certain whether such differ-
ence is due to genetic character of the test fungus
of due to the media used. It might be originated
from sugar in PSA for the mycelial culture(3).
The relationship between chain-length of the fatty
acids and their antifungal potency against the
mycelial growth was similar to that of the conidia
germination. No one of noticeable side effects on
the test fungus by addition of 5% of acetone in the
media used was observed in this study as previously

reported(9).
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