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The anti-bacterial and anti-fungal activity of four aqueous plant extracts (1 x 104 µg/ml) of 2,3'4,5'-tetra 
hydroxy-4'-geranylstilbene (chlorophorin) and 3',4, 5' - trihydroxy - 4' - geranylstilbene (Iroko) from the tree 
Chlorophora excelsa and (6aR,11aR)-3-hydroxy-8,9-methylenedioxypterocarpan (Maackiain) and 7-hydroxy-
4'-methoxyisoflavone (formononetin) from Virgilia oroboides were evaluated by the seeded agar overlay well 
diffusion method. The test organisms and bioautography used included: Bacillus coagulans, Streptococcus 
pneumoniae,  Klebsiella pneumoniae, Escherichia coli, Mycobacteria tuberculosis, Aspergillus flavus and 
Fusarium verticilloides. Vancomycin, the drug of choice for these organisms was used as the control at 30 
µg/ml. The extracts showed that chlorophorin at 1.95 µg/ml and Iroko at 3.125 and 6.25 µg/ml respectively 
were active in inhibiting the growth of S. pneumoniae and B. coagulans and not active against K. 
pneumoniae and E. coli. Maackiain; formononetin and formononetin acetate showed little activity against S. 
pneumonia, B. coagulans, K. pneumoniae and E. coli. None of the extracts showed activity against M. 
tuberculosis. Maackiain, formononetin, chlorophorin and Iroko inhibited F. vertiicilloides, maackiain being 
the most active compound. Formononetin, chlorophorin and Iroko inhibited A. flavus.  A. flavus was most 
sensitive to chlorophorin and Iroko.  The bioautography method confirmed these results and was attributed 
to the phenolic nature of the compounds. 
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INTRODUCTION 
 
According to the World Health Organisation (2005), herbal 
medicines serve the health needs of about 80% of the 
world’s population, especially for millions of people in the 
vast rural areas of developing countries. Plants have the 
ability to produce a wide variety of bio-active molecules 
through secondary metabolic pathways (Kutchan and Dixon, 
2005; Cox and Balick, 1994; Mitscher et al., 1987). Current 
problems associated with antibiotic resistance (Lu and 
Collins, 2009; Recio et al., 1989), lack of availability and 
poverty means that one has to seek alternatives. Extracts 
from plants have lead to the discovery of many drugs. Africa 
has a large untapped resource of indigenous plants whose 
extracts could lead to the discovery of potentially new drugs. 
 

 
 

*Corresponding author. E-mail: thiri@vut.ac.za. Tel: +27 016 950 
9446. Fax: +27 086 691 0795.  

These new antimicrobial agents are not restricted to 
products of microbial origin (Samoylenko et al., 2009; Zhu et 
al., 2009; McLaughlin, 2008; Hoffmann et al., 1993; Mitscher 
et al., 1987). Since their structures are different to those 
from microbial sources, they provide a new challenge to the 
microbe, particularly with regard to the development of 
resistance (Lee, 2004; Kubo and Kubo, 1995).  In this study, 
plant compounds from two South African indigenous plants 
for antimicrobial activity against common bacterial 
pathogens and mycotoxin producing fungi were used. The 
compounds in this study were derived from two indigenous 
trees Virgilia oroboides and Chlorophora excelsa. 

C. excelsa  produces compounds 2,3'4,5'-tetra hydroxy-4'-
geranylstilbene (chlorophorin), which was first isolated from 
an ether extract of the heartwood by King and Grundson 
(1949) and 3', 4, 5' - trihydroxy - 4' - geranylstilbene (Iroko), a 
stilbene  classified as  an  aromatic  phenolic  compound. V.  
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Figure 1. The effect of maackiain acetate,formononetin,chlorophorin and Iroko on 
F. moniliforme.TLC plates with separated plant compounds (a) template and (b) 
with F. moniliforme on the TLC plates showing areas of no growth (arrow) in the 
same region as where bands appear on the template. 1, Formononetin; 2, 
Formononetin acetate; 3, Iroko (stilbene); 4, Chlorophorin; 5, Maackiain; 6, 
Maackiain; 7, Maackiain acetate.  

 
 
 
oroboides produces (6aR,11aR)-3-hydroxy-8,9-
methylenedioxypterocarpan (Maackiain) which is classified  
as a pterocarpan (McMurphy et al.,1972; Pachler et al. 1967 
cited by Swinny, 1989) and characterised by Swinny, (1989) 
and 7-hydroxy-4'-methoxyisoflavone classified as 
Formononetin (Bate-Smith et al.,1953; Braz et al., 1973; 
Letcher et al., 1976 cited by Swinny, 1989). The chemical 
structures of the compounds were elucidated by Swinny et 

al. (1989) illustrated in and were found to be phenolic 
compounds as shown in (Figure 1).  

Phenols have long been known to have anti-septic activity 
and therefore have a large potential as therapeutic agents. 
Since these are produced by all vascular plants and well 
over 4000 distinct flavonoids have now been identified some 
of which display therapeutic activity (Yoon et al., 2007; Ja 
Kim  et  al., 2006;  Walsh, 1988).  In   previous    studies   of  
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Table 1. Effect of plant compounds on gram positive and gram negative bacteria. 
 

Parameter  B. coagulans S. pneumoniae K. pneumoniae E. coli 

Chlorophorin  + + + 
a 

MIC
 

+ + + MIC - - 

Iroko + + + MIC + +MIC - - 

Maackiain methyl ether - - - - 

Maackiain acetate + + - - 

Formononetin + - - - 

Formononetin acetate - - + - 
  

a
Zone of inhibition; - =  0 - 1 mm; + = 2 - 3 mm; ++ = 4 - 5 mm; +++ = 6 - 10 mm. 

 
 
 

Acharya and Chatterjee (1974), both Chlorophorin and Iroko 
have been shown to be highly active against the gram 
positive organisms such as Streptococcus pneumoniae and 
Bacillus coagulans, and less active against the gram 
negative organisms such as Klebsiella pneumoniae and E. 
coli. An isoflavone, formononetin and a pterocarpan, 
maackiain showed minimal activity.  

Previous anti-fungal studies (Wu et al., 2008; Kordial et 
al., 2005; Harrison et al., 2003; Davidson, 1993) have 
shown that phenolic compounds do have anti-fungal 
properties and it was also stated by Shan et al. (2007) and 
McCutcheon et al. (1994) that most plants that exhibit anti-
bacterial properties are also usually anti-fungal. Studies of 
Chipley and Uriah (1980) have also shown that the phenolic 
compounds, caffeic acid and chlorogenic acid inhibited the 
Fusarium species (Ja Kim et al., 2006; Harrison  et al., 
2003; Valle,1957) and that ferulic acid inhibits aflatoxin B1 
and G1 production of A. flavus by approximately 50% and A. 
parasiticus by 75%. This study investigated the antimicrobial 
activity of four plant extracts: chlorophorin and Iroko from 
Chlorophora excelsa and, maackian and formononetin from 
Virgrilia oroboides, with a view to develop future biocontrol 
agents. 
 
 
MATERIALS AND METHODS 

 
Preparation and storage of microorganisms 

 
B. coagulans,  S. pneumoniae, K. pneumoniae, E. coli, and three 
strains of M. tuberculosis, viz., A169 (Karachi strain- known resistance 
used as a control), H37 (ATCC virulent strain) and R9001 were 
obtained from the Department of Microbiology, University of Natal,  
Medical School.  A. flavus and F. verticilloides were obtained as pure 
cultures from the Department of Physiology, University of KwaZulu 
Natal Medical School, Durban, RSA. The gram positive and gram 
negative bacteria were stored as stock cultures in Microbank vials 
(Prolab Diagnostics) at -70°C. M. tuberculosis strains were maintained 
on A. J. Lone Stein Jensen agar medium at 4°C. Fungal stock cultures 
were maintained and stored on Saboroud Dextrose agar (SDA) slants 
(Oxoid) at 4°C until they were required. 

All experiments were conducted according to the Manual of Clinical 
Microbiology (Balows et al., 1991). The gram positive organisms (B. 
coagulans and S. pneumoniae) and gram negative organisms (K. 
pneumoniae and E. coli) were plated on Brain Heart Infusion agar 
plates and acid fast bacteria was plated on Middlebrook agar (Biolife) 
and supplemented with 5% glycerol and 100 ml oleic acid albumin and 
dextrose (OADC) (Biolab, ART No:  C 70) and incubated at 37°C for 

six weeks, and stored at 4°C. The inoculum was standardised using 
McFarlands No. 2 standard in saline. This is equivalent to a bacterial 
concentration of 6 x 10

8 
cells/ml (Balows et al., 1991; Washington et 

al., 1972). 
Broth cultures of the strains of M. tuberculosis were prepared in 

Dubos broth (Biolife) and were incubated at 37°C for 24 h, after which 
the inoculum was standardised using McFarlands No. 1 standard. This 
was further diluted in Dubos broth to give a final M. tuberculosis 
concentration of 3 x 10

8 
cells/ml (Balows et al., 1991; Washington et 

al., 1972). This was used as the inoculum. 
Fugal cultures (A. flavus and F. verticilloides) were prepared by 

plating them on SDA plates, which were incubated for at 25°C for six 
days.  The spores were harvested in 2 ml of sterile saline and counted 
with a Neubauer counting chamber to give a spore concentration of 4 x 
10

7
 spores /ml. 

 
 
Preparation and storage of plant compounds  
 

Iroko and chlorophorin from C. excelsa and Maackiain and 
Formononetin acetate from V. oroboides were obtained in powder form 
(Swinny, 1989). They were prepared in dimethylformamide (DMF) at 
1.000 µg/ml (w/v), using a non-pyrogenic sterile filter 0.22 µm, 
(Millipore) and stored as stock solutions at ambient temperature until 
needed. Their identity and purity were verified by thin layer 
chromatography. These plant extracts were previously tested for their 
toxicity to human cells by in-vitro toxicity test against Hep -2 cells and 
their mutagenic activity was ascertained using the Ames test, as 
outlined by Franson (1992). 

 
 
Evaluation of antimicrobial activities 
 

The antimicrobial activities of these compounds were tested using the 
modified well diffusion assay (Leven et al., 1979).  Each test was 
carried out in triplicate, and the test results expressed as a mean of 
each triplicate. The compounds were tested against the following gram 
positive organisms; viz., B. coagulans and S. pneumoniae, and gram 
negative bacteria viz., K. pneumoniae and E. coli. Dimethylformamide 
was used as a negative control, vancomycin (30 µg/ml) was used as 
positive control for B. coagulans and S.  pneumoniae and ampicillin (25 
µg/ml) was used for  K. pneumoniae and E. coli and  Rifampicin (1.0 
µg/ml) was used against M. tuberculosis (Table 1). 

Verification against M. tuberculosis was also tested using a 
sensitivity method described by Lsenberg, (1980) using Middlebrook 
7H10 (BioLife). In this method, Middlebrook agar containing 6 x 10

8
 

colony forming units (CFU) of the test organism was over laid onto 
molten sensitivity agar (Biolife). Six equidistant wells, 6 mm in dia-
meter, were made in the agar plates. Four wells were filled with 25 µl of 
the respective positive and negative controls, each in duplicate. The 
MIC’s were established for the most active compounds using the 
method described (Lsenberg, 1980). Plant compounds were diluted in



 

 

 Padayachee and Odhav         2257 
 
 
 

Table 2. Minimum inhibitory concentration (MIC) in µg/ml of the plant compounds and the effect of antibiotics on the test bacteria.  
 

Compound B. coagulans S. pneumoniae K.  pneumoniae E. coli M. tuberculosis 

Chlorophorin 1.953± 0.06
a
 1.953± 0.06 50± 0.06 No effect No effect 

Iroko 3.125± 0.15 6.25± 0.015 No effect No effect No effect 

Maackiain acetate 25± 0.26 12.5± 0.015 No effect No effect No effect 

Formononetin 50± 0.025 No effect 25± 0.15 No effect No effect 

Ampicillin No effect No effect No effect 25 ± 0.15 No effect 

Rifampicin - - - - 1.0 

Vancomycin (control) 30 30 30 No effect No effect 
 

a 
± = Standard deviation of the mean. 

 
 
 

dimethylformamide  (DMF) to give concentrations of each compound 
ranging from 3.125 100 µg/ml (w/v). 5 ml of molten sensitivity agar and 
1 ml of the respective plant compounds were poured into sterile 
quadrant Petri dishes. 30 µl of the standardised inoculum was spread 
over the surface of each quadrant. The plates were then incubated for 
three weeks at 37°C in a CO2 incubator. The last two wells were 
inoculated with 0.025 ml of each test compound, at concentrations 
ranging from of 3.125  to100 µg/ml (w/v). The plates were incubated for 
24 h at 37°C. The results were analysed by measuring the zones of 
inhibition (clearing around each well in mm), of the test compounds 
relative to the clearing around DMF, using the following formula. The 
results were assessed according to the ability of test compounds to 
inhibit the growth of the microorganisms. 
 
 

Activity of tested compounds (zone of inhibition of test 

compounds - zone of inhibition of DMF) 

 
Preliminary screening tests were carried out to establish the activity of 
the plant compounds on the test fungi, using the seeded agar overlay 
method. 10 ml SDA plates were overlaid with 5 ml of molten SDA that 
was seeded with 1 ml of previously prepared spore suspension (4,07 x 
10

7
 spores/ml) of A. flavus and F. verticilloides respectively. Six wells 

(6 mm diameter) were punched into each plate (0.25 µl; 100 µg/ml) 
and the plant test compounds was placed in each well and incubated 
at 25°C for four and six days for A. flavus and F. verticilloides 
respectively. DMF was used as the negative control and amphotericin 
B (5 mg/ml) was used as the positive control. The results were 
analysed by measuring the zones of inhibition of the test compounds. 
The antifungal effect was confirmed using bioautography (Betina, 
1973). Two silica gel 60 TLC aluminium sheets (Merck) were spotted 
with 5 µl of 10 µg/ml (w/v) of each compound, 5 µl of saline (0.9 %w/v), 
and amphotericin B (Oxoid) (5 µg/ml). The compounds were separated 
using benzene: acetone (8:4 v/v) for 1 h. The plates were then air 
dried. One plate, which was used as the template, was developed with 
anisaldehyde solution and dried in a hot air oven at 80°C for 2 min. The 
second plate which was used for evaluating the effect of the plant 
compounds on fungal growth was sprayed with a fungal spore 
suspension which was prepared using 2 ml of the inoculum (4 x 10

7
 

spores /ml) suspended in 70 ml of fungal culture media that is glucose-
mineral salts medium. This plate was placed in a sterile humidified 
container and incubated at 25°C for 4 days. The results were obtained 
by comparing the zone on the template plate to the zones of inhibition 
on the test plate. These were compared to the zones of inhibition 
obtained for DMF.    
 
 

Determination of minimum inhibitory concentrations (MIC) 
 
The MIC of the active compounds was determined using the procedure 
described by Hailu et al. (2005) and Atlas et al. (1984). Two fold serial 

dilutions of each compound were made in DMF at concentrations 
ranging from 3.125 µg/ml to100 µg/ml (w/v). The lowest concentration 
of the test compound in which no growth occurred was defined as the 
MIC. 

The method using the seeded agar well diffusion by Hailu et al. 
(2005) and Atlas et al. (1984) were used to measure MIC of the active 
compounds against A. flavus and F. verticilloide.  A single well 6 mm in 
diameter was cut out from SDA plate, to which 0.25 µl of test 
compound or control was added.  Two fold serial dilutions of each 
active compound were made in DMF at concentrations ranging 
from1.5625 to100 µg/ml (w/v). DMF was used as the negative control, 
at a volume of 0.25 µl. Amphotericin B (80% purity) was used as a 
positive control at a concentration of 5 mg/ml. The agar was seeded 
with 4 x 10

7
spores/ml. The lowest concentration of the test compound 

in which no inhibition occurred was defined as the MIC. 
 
 

RESULTS 
 

Evaluation of antimicrobial activities 
 
Chlorophorin and Iroko (1 x104 µg/ml) demonstrated high 
anti-bacterial activity against S. pneumoniae and B. coagu-
lans. These compounds did not have the same effect against 
K. pneumoniae and E. coli. Maackiain; Formononetin and 
Formononetin acetate showed no activity against S. 
pneumonia, B. coagulan, K. pneumoniae and E. coli. The 
MIC’s for each of the plant compounds showed that chlo-
rophorin was the statistically more active and was more 
effective than Vancomycin (the drug of choice for these 
organisms); (1.953 µg/ml) was required to inhibit the growth 
of B. coagulans and S. pneumoniae as compared to that 
required for Vancomycin to have the same effect at 30 
µg/ml.  Iroko was active against   B. coagulans and S. pneu-
moniae and their MIC were 3.125 and 6.25 µg/ml respect-
tively. 

Maackiain was active against S.  pneumoniae and had a 
MIC of  12.5 µg/ml. Formononetin was the only compound 
that was active against K. pneumoniae and it had a MIC of 
25 µg/ml. The MIC’s are shown in Table 2.  None of the 
compounds showed activity against M. tuberculosis or E. 
coli. The plant extracts demonstrated significantly higher 
activity as compared to the control, Vancomycin. 
Chlorophorin against B. coagulans and S. pneumoniae 
demonstrated 93.5% more activity, while Iroko against B. 
coagulans   demonstrated     89.58%     and     against      S.  
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Table 3. Activity and the MIC for maackiain acetate, formononetin acetate, chlorophorin and Iroko against F. verticilloides and A. flavus. 
 

Organism Plant compound 
Zones of inhibition 

(1 X 10
4 

) 
MIC (µG/ML) 

Total inhibition expressed as a 

% of control 

F. verticilloides Maackiain acetate 13 mm 1.56 99.97 

 

Formononetin acetate 2.5 mm 12.5 99.75 

Chlorophorin  9 mm 6.25 99.87 

Iroko  4.5 mm 12.5 99.75 

Amphotericin B Control 5000 100 

     

A. flavus Maackiain acetate negative No effect 0 

 

Formononetin acetate 1 mm 25 99.5 

Chlorophorin  3 mm 6.25 99.87 

Iroko  2.7 mm 12.5 99.75 

Amphotericin B CONTROL 5000 100 
 
 
 

pneumoniae 79.17% more activity. 
The seeded agar overlay method showed that maackiain 

acetate, formononetin acetate, chlorophorin and Iroko at 1 x 
104 µg/ml inhibited the growth of F. verticilloide, with 
maackiain being the significantly more active compound. In 
contrast, formononetin acetate, chlorophorin and Iroko 
inhibited A. flavus while maackiain had no effect.  A. flavus 
was most sensitive to chlorophorin and Iroko. Amphotericin 
B at a standardized concentration of 5 mg/ml was used as 
the control. Chlorophorin was effective at a concentration of 
6.25 µg/ml against both F. verticilloides and A. flavus and 
that of Iroko demonstrated a twofold enhanced activity on 
the same strains as compared to chlorophorin. These 
results and the MIC’s are summarised in Table 3. The 
bioautography method confirmed the results of the well 
diffusion seeded agar overlay test and showed  that F. 
verticilloides was  sensitive to maackiain acetate, 
formononetin, chlorophorin and Iroko (Figure 1)  and A. 
flavus was sensitive to chlorophorin, Iroko and formononetin 
acetate and resistant to maackiain (Figure 2).   
 
 

DISCUSSION  
 
Medicinal plants possess many potentially valuable 
therapeutic agents that provide an impetus for further 
research (Samoylenko et al., 2009; Zhu et al., 2009; 
Kutchan and Dixon, 2005; Rios et al., 2005; Recio et al., 
1989). Testing micro-organisms for their susceptibility to 
antimicrobials serves as an important aid to 
chemotherapeutic intervention. The methods commonly 
used are agar diffusion and broth dilution method (Jawez, 
1989). Pellecuer et al. (1976) and Kordali et al. (2005) 
showed that different results can be obtained for different 
samples and to demonstrate this he used phenols and 
essential oils. In his study, it was shown that the agar 
diffusion method was more effective for phenolic 
compounds because of its polarity and less effectiveness for 
non-polar extracts like essential oils. The compounds tested 
in this study were previously defined as phenols (Oliver-

Bever, 1986; Swinny, 1989). Maackiain was defined as a 
pterocarpan, formononetin an isoflavone and Iroko and 
chlorophorin aromatic phenolic compounds. 

Hence, in this study, the agar diffusion method was used. 
The advantage of using this method was that small sample 
sizes could be used in the screening and the possibility of 
testing five or six compounds against a single micro-
organism at any given time (Rios et al., 1988). 

Maackiain and formononetin exhibited minimal activity 
against all the test bacteria, which could be attributed to 
their complex structures. Prindle (1983) reported several 
generalisations that can be made about the structural 
activity relation of simple and complexed phenols. The 
position of the alkyl chain may or may not influence activity; 
separation of the alkyl group from the phenol nucleus by an 
oxygen (methoxy) decreases activity (Veldhuizen et al., 
2006; Ja Kim et al., 2006; Prindle, 1983; Suter, 1941; 
Klarmann and Shternov, 1936). 

Maackiain and formononetin both have alkyl groups that 
are separated from the phenol nucleus by a methoxy group, 
which could possibly be the reason why these compounds 
showed minimal activity against the test bacteria.  

The results in this study show that the gram negative 
bacteria were more resistant than the gram positive 
bacteria. Previous studies have shown similar results where 
the gram positive bacteria were more susceptible to plant 
compounds. In a study carried out by Taniguchi et al. 
(1978), it was found that of 79 plant extracts tested from 72 
species of plants belonging to 35 families, 44 extracts gave 
positive results against gram positive bacteria, while some 
of the extracts showed minimal activity against the gram 
negative bacteria and no activity against E. coli. A study by 
Meyer and Afolayan (1995), on the anti-bacterial activity of 
extracts from Helichrysum aureoniteus, showed that the 
extracts were active against five gram positive bacteria 
tested and none inhibited the growth of five gram negative 
bacteria tested. None of the compounds in this study or the 
above studies were active against E. coli. 

The anti-bacterial activity of chlorophorin and Iroko 
confirmed the  results  reported  by  Oliver-Bever  (1986)  on  
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Figure 2. The effect of maackiain acetate,  formononetin,  chorophorin, Iroko 
on  A. flavus. TLC plates with separated plant compounds (a) template and 
(b) with A. flavus grown on the TLC plates showing areas of no growth 
(arrow) in the same region as where the bands appear on the template. 

 
 
 

other phenolic compounds. However, chlorophorin was 
more active than Iroko although both were phenolic 
compounds extracted from the same tree. To evaluate these 
compounds, the direct bioautographic method was used. 
According to Betina (1973), bioautography is the most 
important detection method for new or unidentified 
antimicrobial compounds. Fungi toxic products are 
measured qualitatively and quantitatively using this 
technique (Peterson and Edgington, 1969). In this study, 
two mycotoxin producing species F. verticilloides and A. 
flavus were tested against the four plant extracts maackiain, 
formononetin, chlorophorin and Iroko using the 
bioautographic method. In this study, all four compounds 
inhibited A. flavus with chlorophorin and Iroko being the 

most active against F. verticilloides was inhibited by 
maackiain. 

The increased activity of chlorophorin could be attributed 
to the fact that chlorophorin has four hydroxyl groups, 
whereas Iroko has three hydroxyl groups. A study by Nick et 
al. (1995) showed that hydroxylated flavones have 
increased activity as opposed to those extracts that have 
fewer hydroxyl groups. Cushman et al. (1991), showed that 
hydroxylated flavones are known as inhibitors of protein 
kinases. This confirms the results reported by Yan et al. 
(2008) and Haslam (1996), that polyphenols in addition to 
giving the usual phenolic reaction they have the ability to 
precipitate proteins. In addition, Hagerman and Butler 
(1981) showed  that  phenols form irreversible complexes 
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with proline rich proteins, which could result in the inhibition 
of cell wall protein synthesis. These properties of phenols, 
may explain the mechanism of action of the plant extracts. 
These complexation reactions are of intrinsic scientific 
interest as studies in molecular recognition as the basis of 
possible functions. 
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