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Abstract-The fungcldal activity of the lsoflavones from soybean (Glyclne mux) and chickpea (Ctcer anetmum) has 
been studied on three food and forage contammatmg fun@, Aspergdlus ochraceus, Petucrllrum dlgttatum and Fusarwn 
culmorum The reduced denvatlves of the corresponding lsoflavones--the lsoflavanones and the lsoflavans-were also 
included m the investigation For the first time in a comparative study it is shown that isoflavones and lsoflavanones are 
variable m their activity whereas the lsoflavans are moderately active mhlbltors of fungal growth 

INTRODUCTION 

Isollavonotds are naturally occurrmg substances pos- 
sessing several biologcal properties [l] In view of 
phytoalexm properties their fungcldal activity has attrac- 
ted the attention of some research groups [2,3] Natural 
products, as potent fungal growth mtibltors, could be 
very useful substances m controlling plant diseases In the 
present investigation, some isollavones (l-4) from food 
sources have been tested for their fungcldal activity Since 
most of the lsoflavonold phytoalexms possess a reduced 
lsoflavone structure (Fig l), we have also included the 
correspondmg lsoflavanones (5-g) and lsoflavans (S12) 
of the above mentioned lsoflavones m our mvestlgatlon 
The fung of choice were Aspergdlus ochraceus, 
Penwllwm dlgltatum and Fusarwm culmorum due to their 
food contaminating effects 

RESULTS AND DISCUSSION 

As expected the fun@ show a dlfferentlal behavlour m 
regard to the applied lsoflavonolds (Table 1 and Fig 2) 

While the growth of A ochraceus IS mhlblted slgmficantly 
by some lsoflavonolds,,P drgttatum and F culmorum are 
inhibited as well as stunulated in their growth depending 
on the substances and their apphed concentrations The 
data are tabulated below, statlstlcally sign&ant per- 
centage differences in weight as compared with the control 
are marked with an asterisk The other values have been 
incorporated m the Table to m&ate the trend of 
antifungal activity m the case of mdlvldual substances 

Among the lsotlavonolds, the lsollavone 1 stimulates 
the growth of P dlgltatum and F culmorum at higher 
concentrations and shows very low inhibitory effect on A 
ochraceus at all concentrations The lsoflavanone 5 1s 
antifungal only to F culmorum The lsoflavan 9 actively 
mlublts the growth of A ochraceus and F culmorum m 
more than one concentration An inhibitory effect 1s also 
observed with P dlgltatum 

Daldzem (2) mhlblts F culmorum m all apphed concen- 
trations The lsoflavanone 6 stimulates F culmorum, but 
P dlgltatum IS inhibited slgnficantly by the lowest 
concentration The lsoflavan 10 mhrblts P dlgttatum and 
F culmorum only at higher concentrations 
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Fig. 1 Chenucal structures of isoflavones and their reduced denvatlves 
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Table 1 Effect of lsoflavonolds on mycehal growth of A ochraceus, P dzgztatum and F culmorum [ % difference m 
wt as compared with the control, (+) mchcates growth stimulation and (-) growth mhlbltion] 

Fungi 
Isoflavonolds A ochraceus P drgltatum F culmorum 
Concentration 
(x10-4mol/l) 05 20 80 05 20 80 05 20 80 

1 -50 -22 -55 +119 +311* +354* +16 +12+ +8 1* 
5 +05 *o -32 -29 +21 +98 -74 -90 -119* 
9 -197* -154; -177* -89 -59 -09 -32 -130* -119* 
2 f12 +75 *0 -65 -42 +43 -156* -203* -219* 
6 +30 -32 -01 -13 5* -109 -118 -10 +48 +70 
10 +07 -93 -33 +32 +69 -282* -51 +24 -165* 
3 -88; -40 -21 -14 +182* +222* +70 +192* +129* 
7 -54 +54 +55 -69 +180* +125 -84 -26 -12 
11 -33 -37 -282* -214+ -367’ -508; -40 +89 -319f 
4 -03 -82 -45 +08 +68 +112* +100 +58 +55 
8 +12 +11 +24 +04 -43 -51 +43 +78* +08 
12 +70 -147’ -165* +57 +25 -81 +48 +59 +87 

Compounds l-4, Isoflavones, $8, Isoflavanones, %12, lsotlavans 

Glycitetn (3) shows a fungal growth stlmulatlon on P culmorum (58 3 and 5167& respectively) In view of no 
dzgztatum and F culmorum The lsoflavanone 7 also appreciable mhlbltory actlvlty, as found m hquld culture 
stimulates the growth of P dzgztatum In contrast, the tests, this experiment was not performed with other 
lsoflavan 11 IS the best funglclde among all the 12 substances 
substances tested here On malt extract agar plates It even The results with Formononetm (4) are contrary to the 
produces a better mhlbltmg effect on P dzgttatum and F observations of Johnson et al [4] and Van Etten [3] 
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Fig 2 Mycehal dry wt (mg) of A ochraceus, P drgztatum and F culmorum on malt extract m presence of 
lsoflavonolds at a concentration of 8 x 10F4 mol/l 
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While they register a mild mhlbltory acttvtty with some 
fungi, m our case either an mslgmficant mhlbltlon m A 

ochraceus or a low growth stimulation IS encountered m 
P dzgltatum and F culmorum ‘lks discrepancy can be 
attnbuted to the varmtlon m fimgal species as well as to 
the differences m culture media Among the reduced 
denvatlves 8 and 12, the lsollavanone 8 shows virtually no 
mhlbltory activity but the lsoflavan 12 mhlblts the growth 
of A ochraceus 

The results of our mvestlgatlon allow the conclusion 
that lsoflavones and lso!Iavanones do not possess any 
remarkable funglcldal activity, whereas the lsoflavans are 
comparatively good mhrbltors of mycehal growth This 
partially corroborates the hypothesis of Perrm and 
Crutckshank [S] that the lso!lavans, due to a planar 
conformation, fit mto the probable receptor sites m the 
cells of sensltlve fungi [3] The fungcldal activity of 
Da&em (2) for F culmorum or of the tsollavanones 5 and 
6 for P dzgztatum and F culmorum respectively shows a 
devlatlon mdlcatmg that other factors may be important 
for the antifungal property of the lsoflavonords 
Regarding the substitution pattern within the tested 
noflavans, we observe that the methoxy group at the 6- 
position m 11 has a positive effect on fungal mhlbltlon In 
the case of the methoxy group at the 4’-position m 12 no 
mhlbltlon 1s observed with P dlgltarum and F culmorum 
The compound 10 without a methoxy group at the 4’- 
positton shows a rather better acttvlty agamst these fungi 
It seems that the funDada property of the lsoflavonolds 
1s specdic to mdlvldual fungi, substances and their con- 
centrations and no absolute generahzatlon 1s possible 
m this context Ward et al [6] came to the same con- 
clusion m their mvestlgatlon with dtfferently substituted 
sesquiterpenes 

EXPERIMENTAL 

Iso~avonozds Compounds from a food source hke soybean 
and chzckpea were. selected for the present study 7,4’-Dzhydroxy- 
and 7,4’dzhydroxy-6-methoxylsollavones (2 and 3, respectzvely) 
occur zn G nzax [7] Gyorgy et al [S] Isolated 6,7,4’-trzhydroxy- 
zsoflavone (1) from soybean fermented wzth Rhzzopus obgo- 
sporus 7-Hydroxy-4’-methoxy-zsollavone (4) zs found zn C ar- 
zerznum [9] As the quantities obtamed from natural sources were 
meagre, the zsoflavones were synthesned zn our laboratory In 
order to study the Influence of gradual reductzon on the 
antifungal activity, the zsollavones were catalytIcally (Pd-C, HZ) 
reduced to zsollavanones and zsoflavans The purzty and authen- 
tzclty of these products were verified by physical methods (NMR 
and MS) 

Furzgz and culture The sozl borne fungus A ochracezzs was 

Isolated zn Syria from fruzts of Lady Fmgers (Hzbzscus esculentus) 
and kept zn the fungus collectIon of the Instztut fur 
Ptlanzenkrankhezten at Bonn P dzgztatum has been recently 

Isolated from lemon peel (Cztrus Zzmon) bought at the local market 
m Bonn F culmorum was found m pan&s of winter barley 
(Hordeum vulgure) @own in Germany Smgle spore cultures were 
prepared and preserved m a refrzgerator at 8” T’he effect of 
zsoflavonolds on the mycehal growth of these fungz was zn- 
vestrgated zn hquzd culture The medium contazned 30g malt 
extract and 3 g peptone per 1 dlstzlled HZ0 Me&O served as 
solvent for the zsollavonozds The solvent concn zn the medzum 
was maintained at a 1 1 ‘A level Medzum (20 ml) zncludzng the 
part~ular zsotlavonozd zn proper concn was transferred to 
100 ml Erlenmeyer flasks and Inoculated wzth one small piece of 
mycelzum (4 mm zn diameter) The flasks were Incubated at 
23-25” on a reciprocal shaker for 7 days Malt extract agar plates 
(30 g malt extract, 3 g peptone and 15 g agar per 1 chstzlled H20) 
was also used to test the glycztezn-zsoflavan (11) with P dzgztatum 
and F cubnorum In thzs expt the zsoflavan soln zn a concn of 5 
x lo+ mol/l was added to the medium after the sterzhzatzon 
process at a temperature of <60” After znoculatzon the radzal 
mycehal growth was measured for 7 days 

Concentratzons of zsoflavonolds From phytoalexzn experzments 
[3, lo] zt 1s known that concns m the range of 1O-5 to 10-Jmol/l 
are effectwe zn showing fungal mhzbztlon With 5,7-chhydroxy- 
so5vone as a reference substance the concns of 0 $2 0 and 8 0 
x 10m4 mol/l were determined to be suztable for our expts 

Evaluatzon of results Round filter papers (Schlezcher & Schull 
No 595) were weighed after dryzng for 24 hr at 105” After 
filtratzon of the culture the residue was drzed and wezghed as 
descrzbed above The difference of the wezghzngs gave the dry wt 
of the fungz The mean value of eight repetztzons for each concn 
and fungus was used for calculatzon The data were evaluated by 
analyszs of varzance Probabzhty of single dzfferences was calcu- 
lated at the 5 % level 
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