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An Examination of the Antibacterial, Antifungal, Anti-Giardial 
and Anticancer Properties of Buchanania obovata Engl.  
Fruit Extracts

ABSTRACT
Background: Buchanania obovata is an endemic Australian plant that has 
been used traditionally to treat a variety of bacterial, fungal and protozoal 
pathogenic diseases. This study was undertaken to test B. obovata fruit  
extracts for the ability to inhibit microbial and cancer cell growth. Materials  
and Methods: B. obovata fruit powder was extracted and tested for  
antimicrobial activity using disc diffusion and MIC methods. Inhibitory 
activity against the gastrointestinal protozoal parasite Giardia duodenalis 
and antiproliferative activity against human colorectal (Caco2) and cervical  
(HeLa) cancer cell lines was evaluated using MTS-based colorimetric  
assays. Toxicity was evaluated using an Artemia franciscana nauplii bioassay.  
Results: The methanol, water and ethyl acetate B. obovata fruit extracts 
displayed potent antibacterial activity. The methanol and water extracts 
displayed the broadest specificity, inhibiting the growth of all of the Gram  
positive and Gram negative bacterial species tested. The ethyl acetate  
extract also displayed antibacterial activity, inhibiting the growth of 7 (88%) 
of the Gram negative and 2 (50%) of the Gram positive bacterial species.  
The methanol extract also displayed broad spectrum antifungal activity,  
inhibiting the growth of all 3 fungal species, including an ampicillin resistant 
strain of A. niger. The water extract also inhibited the growth of 2 (66%) 
of the fungal species tested. None of the extracts were particularly good  

inhibitors of the growth of the gastrointestinal parasite Giardia duodenalis.  
The methanolic and aqueous extracts were effective at blocking the prolif-
eration of the colorectal cancer cell line Caco2 to between approximately 
20 and 30% of the untreated cell growth. All extracts also inhibited HeLa 
cervical cancer cell growth. The methanol, water and ethyl acetate extracts 
displayed substantial toxicity in the Artemia nauplii assay. Conclusion: This 
study shows that B. obovata fruit extracts inhibit bacteria and fungi, but are 
relatively ineffective against G. duodenalis. The extracts were also effective 
inhibitors of Caco2 and HeLa cell proliferation, indicating that the extracts 
have potential in the treatment of microbial diseases and some cancers.
Key words: Antibacterial activity, Green plum, Giardia duodenalis, Anti-
proliferative activity, Anticancer activity, Artemia, toxicity.
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INTRODUCTION
Plants have been used medicinally for thousands of years by most if not 
all civilisations globally. These traditional medicines have uses to treat 
a wide variety of different diseases and medical complaints, including 
many pathogenic diseases. Phytotherapy in Asia is widespread and is  
particularly well documented. Ayuverda and traditional Chinese medi-
cine (TCM) continue to be the primary therapeutic option for large  
percentages of the Indian and Chinese populations respectively and  
many other Asian ethnic groups are reliant on regional medicine systems. 
Furthermore, the efficacy of many of the Asian plant medicines have  
been verified by scientific examination.1-2 Similarly, plant based medicinal  
systems continue to be the primary therapeutic option in many parts of 
Africa. For example, numerous African plant have antibacterial activity  
and potential for the treatment of some inflammatory diseases.3-4 Similarly,  
numerous southern African plant species are used in the control of  
parasites, worms, helminths and ectoparasites etc.5 Whilst the medicinal  
properties of Australian plants are less extensively documented and  
reported than for other regions of the world, there has been substantial 
recent interest in traditional Australian medicines. Recent publications 
have reported antibacterial,6-7 anti-Giardial,8-9 antiviral10 and anticancer11  
activity of some plants used medicinally by the first Australians. Numerous  
other Australian plants used medicinally by first Australian groups are 
yet to be examined for their therapeutic properties.
Buchanania obovata Engl. (family Anacardiaceae), commonly known as 
green plum or wild mango, is an Australian plant which is endemic to 
the woodland regions of northern Australia. It is a small to medium sized 
tree that grows in the shaded understorey of those forests. B. obovata 
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produces small round fleshy fruit with smooth green skin, approximately 
1-1.5cm in diameter. The fruit contain high levels of antioxidants and 
were considered to be a nutritious food by the first Australians. Despite 
its common name of green plum and its high antioxidant capacity, this 
species should not be confused with Terminalia ferdinandiana Exell. 
(Commonly known as Kakadu plum), which also produces small fruit 
with high antioxidant levels. B. obovata was used by the first Australians 
as a bacteriocide to treat wounds, sores and ulcers.12 The same text also  
records the use of B. obovata to treat eye disease, skin disease and  
diarrhoea. Bacterial pathogens are major causes for all of these conditions,  
yet studies examining the antibacterial properties of B. obovata fruit are 
lacking. Diarrhoea may also be caused by non-bacterial pathogens such 
as Giardia duodenalis, yet studies against this pathogen are also lacking. 
The current study was undertaken to screen B. obovata fruit extracts  
against a panel of bacterial pathogens and against G. duodenalis.  
Furthermore, as high antioxidant activities have been linked with  
anticancer activity,13 the antiproliferative activity of B. obovata fruit  
extracts was also evaluated against two human cancer cell lines.

MATERIALS AND METHODS
B. obovata fruit were collected on Groote Esylandt, Australia in November  
2013 and was stored at -30oC until processing. Gayangwa Lalara and 
Gwen Lalara, elders of the Warnindhilyagwa tribe on Groote Esylandt, 
identified the trees and provided the fruit. The flesh of the fruit was cut 
into small pieces and dried in a Sunbeam food dehydrator. The dried 
pieces were subsequently ground into a coarse powder and extracted by 
standardised methods.6-7 Briefly, a mass of 1g of powdered plant material  
was weighed into each of five tubes and five different extracts were  
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prepared by adding 50mL of methanol, water, ethyl acetate, chloroform or  
hexane respectively. All solvents were obtained from Ajax Fine Chemicals, 
Australia and were AR grade. The B. obovata fruit material was extracted  
in parallel in the individual solvents for 24 hrs at 4oC with gentle shaking  
before being filtered through Whatman No. 54 filter paper under vacuum.  
The solvent extracts were dried by evaporation in the shade, whilst the 
aqueous extract was dried by lyophilisation. The resultant dry extracts 
were weighed and redissolved in 10mL deionised water (containing 1% 
DMSO).

Qualitative phytochemical studies
Phytochemical analysis of B. obovata fruit extracts for the presence of  
phenolic compounds, cardiac glycosides, saponins, triterpenoids, polys-
terols, alkaloids, flavonoids, tannins and anthraquinones was conducted 
by standard assays.14-16 

Antioxidant capacity
The antioxidant capacity of each extract was assessed using the DPPH  
free radical scavenging method11,13 with modifications. Briefly, 2mL  
aliquots of each test and reference sample (in 2mL of methanol) were  
added to a 96 well plate in 5, 10, 25, 50, 75 µL volumes. All tests were  
performed three times in triplicate (n=9). Methanol was added to each 
well to give a volume of 225µL. A volume of 75µL of DPPH solution 
(400µM; Sigma Australia; prepared in in AR grade methanol, Ajax, 
Australia) was added to each well, giving a total reaction volume of 
300µL. Ascorbic acid was also tested in parallel across the range 0-25µg 
per well as a reference and the absorbance’s were recorded at 515nm. The 
antioxidant capacity based on DPPH free radical scavenging ability was 
determined for each extract and expressed as µg ascorbic acid equiva-
lents per gram of original plant material extracted. 

Antibacterial screening
Test bacteria
Acinetobacter baylyi ATCC 33304, Proteus mirabilis ATCC 33044, Proteus  
vulgaris ATCC 21719, Escherichia coli O157 H7 and Staphylococcus 
aureus ATCC 157293 were obtained from the American Type Culture  
Collection (ATCC), USA. The clinical bacterial strains Aeromonas  
hydropholia, Alcaligenes faecalis, Bacillus cereus, Pseudomonas fluorescens,  
Staphylococcus epidermis and Streptoccocus pyogenes were obtained from 
the School of Natural Sciences teaching laboratory at Griffith University.

Test fungi
Clinical strains of Aspergillus niger, Candida albicans and Saccharomyces 
cerevisae were obtained from the School of Environment and Science 
teaching laboratory at Griffith University. All fungal species were grown 
and subcultured in Sabouraud broth (Oxoid, Australia). A. niger were 
grown at room temperature for 48 hrs, whilst C. albicans and S. cerevisae 
were grown at 37oC for 24 hrs.

Evaluation of antimicrobial activity
The antimicrobial activity of all of the plant extracts was determined 
using a modified disc diffusion method.17-18 Briefly, 100µL of the test  
bacteria or fungi were grown in 10mL of fresh nutrient broth or  
Sabouraud broth respectively until they reached a count of approximately  
108 cells/mL, as determined by direct microscopic determination.  
Individual microbial suspensions (100µL) were spread onto the appro-
priate agar plates. The extracts were tested using 6mm sterilised filter 
paper discs. Discs were infused with 10µL of the test sample, allowed to 
dry and placed onto inoculated plates. The plates were allowed to stand 
at 4oC for 2 hrs before incubation with the test microbial agents. All 
plates inoculated with bacteria and the plates inoculated with C. albicans  

or S. cerevisiae, were incubated at 37oC for 24 hrs and the diameters of 
the zones of inhibition were measured. Plates inoculated with A. niger 
were grown at room temperature for 48 hrs, then the diameters of the 
inhibition zones were measured. All measurements were to the closest 
whole millimetre. Each antimicrobial assay was performed three times 
in triplicate (n=9) and mean values were determined. Standard discs of 
ampicillin (10µg), chloramphenicol (10µg) and nystatin (100µg) were  
obtained from Oxoid Ltd. and served as antibacterial or antifungal  
positive controls. Discs infused with 10µL of distilled water were included  
as negative controls.

Minimum inhibitory concentration (MIC) determination
The minimum inhibitory concentration (MIC) of the B. obovata extracts  
were determined by the disc diffusion method across a range of doses.7 The  
plant extracts were diluted in deionised water (containing 1% DMSO)  
across the concentration range 5mg/mL to 0.1mg/mL. Discs were  
infused with 10µL of the test dilutions, allowed to dry and placed onto 
inoculated plates. The assay was performed as outlined above and graphs 
of the zone of inhibition versus ln concentration were plotted for each 
extract. Ln linear regression was used to calculate the MIC values.

Inhibitory bioactivity against Giardia duodenalis 
trophozoites
Parasite culture
The Giardia duodenalis S-2 (sheep strain 2) trophozoite strain used in  
this study was supplied by Professor Ann McDonnell, Griffith University,  
Australia. The G. duodenalis tropozoites were maintained and subcultured 
anaerobically at 37oC in TYI-S-33 growth media supplemented with 
1% bovine bile (Sigma), 10% Serum Supreme (Cambrex Bioproducts) 
and 200 IU/mL penicillin/200µg/mL streptomycin (Invitrogen, USA). 
Confluent mid log phase cultures were passaged every 2 days by chilling 
the cultures on ice for a minimum of 10 min, followed by vortexing to  
dislodge the adherent trophozoites from the walls of the culture ves-
sel. Fresh culture media (5mL) was seeded with approximately 1 x 105  
trophozoites for each passage.

Evaluation of anti-Giardial activity 
Anti-Giardial activity was determined as previously described.8-9 Briefly, 
30µL of the test extracts or the vehicle solvent or culture media (for the  
negative controls) was added to trophozoite suspensions (70µL) containing 
approximately 1 x 105 trophozoites in 96 well plate and the plates were  
incubated anaerobically at 37oC for 12 hrs in a humidified anaerobic  
atmosphere. CellTiter 96® Aqueous One Solution Cell Proliferation  
Assay Reagent (20µL; Promega) was added to each well and the plates 
were incubated for a further 3 hrs. The absorbances were recorded at 
490nm using a Molecular Devices, Spectra Max M3 plate reader. All tests  
were performed three times in triplicate (n=9). The anti-proliferative  
activity of each test was expressed as a percentage of the negative untreated  
control.

Screen for anti-cancer bioactivity
Cancer cell lines
The Caco2 and HeLa carcinoma cells used in this study were obtained 
from American Type Culture Collection (Rockville, USA) and cultured  
in Roswell Park Memorial Institute (RPMI) 1640 medium (Life  
Technologies), supplemented with 20mM HEPES, 10mM sodium bicar-
bonate, 50µg/mL streptomycin, 50 IU/mL penicillin, 2mM glutamine 
and 10% foetal calf serum (Life Technologies). The cells were maintained  
as monolayers in 75mL flasks at 37oC, 5% CO2 in a humidified atmosphere 
until approximately 80% confluent. 
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Evaluation of cancer cell anti-proliferative activity 
Antiproliferative activity of the extracts was assessed using standard  
assays.11,13 Briefly, cell suspensions (70µL, containing approximately  
5000 cells (as determined by direct enumeration in a Neubauer chamber)  
were added to individual wells of a 96 well plate and 30µL test extracts or  
cell media (for the negative control) were added. The plates were incu-
bated at 37oC, 5% CO2 for 12 hrs in a humidified atmosphere. Cisplatin 
(Sigma, Australia) was used as a positive control at a concentration of  
50μg/mL in the assay. The extracts were also tested across a range of  
dilutions and the results were plotted to allow for the determination of 
IC50 values. Following the incubation, 20µL of Cell Titre 96 Aqueous One 
solution (Promega) was added to each well and incubated for a further 
3 hrs at 37oC. Absorbances were measured at 490nm using a Molecular  
Devices, Spectra Max M3 plate reader. All tests were performed in  
triplicate, each with 3 internal replicates (n=9). The antiproliferative  
activity of each test was recorded as a percentage of the negative control.

Artemia franciscana nauplii toxicity screening
Toxicity was tested using a modified A. franciscana nauplii lethality  
assay.19-20 Briefly, 400µL of seawater containing approximately 45 (mean 
44.6, n = 125, SD 13.6) A. franciscana nauplii were added to wells of 
a 48 well plate and immediately used for bioassay. A volume of 400µL 
of diluted plant extracts or the reference toxin (1000µg/mL potassium  
dichromate) were transferred to the wells and incubated at 25±1oC  
under artificial light (1000 Lux). A negative control (400µL seawater) 
was included on each plate. All treatments and controls were performed  
three times in triplicate (n=9). The wells were checked at regular intervals  
and the number of dead were counted. After 24 h, all nauplii were sacri-
ficed and counted to determine the total % mortality per well. The LC50  
with 95% confidence limits for each treatment was calculated using  
probit analysis. 

Statistical analysis
Data are expressed as the mean ± SEM of three independent experiments 
performed in triplicate (n=9). One way ANOVA was used to calculate 
statistical significance between control and treated groups with a P value 
< 0.01 considered to be statistically significant.

RESULTS
Liquid extraction yields, qualitative phytochemical 
screening and antioxidant capacity
Extraction of 1 g of dried plant material with various solvents yielded 
dried plant extracts ranging from 43mg to 118mg (Table 1). Methanol 
and water extracted the highest yields of dried extracted material (108 
and 118mg respectively). Ethyl acetate, chloroform and hexane extracted 
lower masses (approximately 69, 43 and 55mg respectively). The dried 
extracts were resuspended in 10mL of deionised water, resulting in the 
extract concentrations shown in Table 1. Phytochemical studies (Table 1) 
showed that methanol and water extracted the widest range and largest 
amount of phytochemicals in this study. Both extracts contained high 
levels of phenolics, flavonoids and tannins, as well as low to moderate 
levels of saponins. Similar classes of phytochemicals were detected in the 
ethyl acetate extract, albeit at lower levels. In contrast, the chloroform  
and hexane extracts were generally lacking in detectable levels of all  
phytochemical classes. The methanolic, water and ethyl acetate extracts 
also had high antioxidant capacities, with with 38, 55 and 48µg ascorbic 
acid equivalents per original gram of dried fruit extracted.

Table 1: The mass of dried extracted material, the concentration of the  
extracts after resuspension, antioxidant capacities and qualitative  
phytochemical screening of the solvent extracts. 

  M W E C H

Mass dried extract (mg) 108 118 69 43 55

Resuspended extract 
concentration (mg/mL) 10.8 11.8 6.9 4.3 5.5

Antioxidant capacity (µg ascorbic 
acid equivalents in extract) 38 55 48 1.2 0.6

Total phenolics  +++  +++  +  -  -

Water soluble phenolics  ++  ++  +  -  -

Water insoluble phenolics  +  +  -  -  -

Cardiac glycosides  -  -  -  -  -

Saponins  +  ++  -  -  -

Triterpenoids  -  -  -  -  -

Phytosterols  -  -  -  -  -

Alkaloids (Mayer test)  -  -  -  -  -

Alkaloids (Wagner test)  -  -  -  -  -

Flavonoids  +++  +++  +  -  -

Tannins  +++  ++  ++  -  -

Anthraquinones  -  -  -  -  -

+++ indicates a large response; ++ indicates a moderate response; + indicates 
a minor response; - indicates no response in the assay; M = methanol extract;  
W = aqueous extract; E = ethyl acetate extract; C = chloroform extract; H = hexane 
extract.

Antimicrobial activity 
Aliquots (10µL) of each extract were tested in the disc diffusion assay 
against panels of Gram negative (Figure 1) and Gram positive bacteria 
(Figure 2), as well as fungi (Figure 3). The methanol and water extracts 
displayed particularly broad speficity inhibitory activity against Gram 
negative bacteria, each inhibiting the growth of all of the Gram negative 
bacterial species tested (Figure 1). The methanol extract was generally 
more effective at inhibiting Gram negative bacterial growth than was the 
aqueous extract (as determined by zones of inhibition). The ethyl acetate 
extract also displayed broad specificity, inhibiting the growth of 7 of the 
8 Gram negative bacteria tested (88%), albeit with substantially smaller  
zones of inhibition (ZOIs). Proteus mirabilis was particularly susceptible, 
with ZOIs of approximately 12mm against the methanolic extract. The 
chloroform and hexane extracts were generally devoid of inhibitory  
activity. Indeed, the chloroform extract was only able to inhibit  
A. hydrophilia growth, with ZOIs indicative of only weak inhibitory  
activity, whilst the hexane extract was completely devoid of activity. 
Interestingly, the potency of the extracts was often better than that of 
the conventional antibiotics. Indeed, the methanolic extract was a sub-
stantially better inhibitor of A. hydrohilia, P. vulgaris and P. fluorescens 
growth than the ampicillin positive control. Similarly, the methanolic 
extract displayed similar efficacy as ampicillin towards P. mirabilis and 
S. salford growth. These results are noteworthy as the ampicillin discs 
used in this study contained a pure compound at a relatively high dose  
(10µg/disc). In comparison, the extracts are crude mixtures and any  
antibacterial compounds would be expected to be a minor component of 
the extract. Chloramphenicol (10µg/disc) was a good growth inhibitor 
of all bacteria.
The methanol and water extracts also inhibited growth of all of the Gram 
positive bacterial species tested. Ethyl acetate and chloroform were also  
effective growth inhibitors of 2 bacterial species each (S. aureus and  
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S. epidermidis). It is noteworthy that whilst growth inhibition was  
detected for several Gram positive bacteria, the relatively small ZOIs in-
dicated that this inhibition was not particularly strong against B. cereus 
and S. pyogenes. The hexane extract inhibited only a single Gram positive 
bacterial species (S. epidermidis), with a small ZOI.
Broad spectrum growth inhibitory activity was detected for the methanolic 
extract against the tested fungal species, with all fungi tested susceptible 
to that extract. However, it is notable that only relatively small ZOIs were  
measured against all fungi, indicating only relatively weak antifungal  
activity. However, these fungal species were also quite resistant to the  
positive control nystatin (100µg), with only relatively small ZOIs  
measured. The aqueous extract also inhibited both C. albicans and  
S. cerevisiae, albeit with only small ZOIs, indicating that growth inhibition  
was not particularly strong for any extract against any of the fungi.
The relative level of antimicrobial activity was further evaluated by  
determining the MIC values (Table 2) for each extract against the bacterial 
and fungal species which were shown to be susceptible by disc diffusion 
assays. Most of the extracts were effective at inhibiting microbial growth 
at low concentrations, with MIC values against the bacterial species that 
they inhibited generally substantially <1000µg/mL (<10 µg impregnated 
in the disc), indicating the potent antimicrobial activity of these extracts.  
These MIC values compare favourably with the dosages of the pure  
standards ampicillin, chloramphenicol and nystatin which was tested  
using 10, 10 and 100µg per disc respectively. The methanolic and aqueous 
extracts were particularly potent, achieving MIC values in the range of 

50-500µg/mL against several bacterial species. Whilst the ethyl acetate  
extract also had broad spectrum inhibitory activity, they generally had 
much lower efficacies.

Anti-Giardial activity
B. obovata fruit extracts were screened for their ability to inhibit Giardia 
duodenalis growth (Figure 4). Whilst the methanol and water extracts 
displayed significant inhibitory activity, the level of inhibition was 
relatively low (<20% inhibition of proliferation), indicating only weak 
growth inhibitory activity. Indeed, as inhibition of G. duodenalis growth 
did not exceed 50% at an concentration tested, it was not possible to 
determine an IC50 values for these extracts. The ethyl acetate, chloroform 
and hexane extracts were ineffective as proliferation inhibitors, with no 
significant difference to the untreated control levels. 

Figure 1: Antibacterial activity of B. obovata fruit extracts and ampi-
cillin and chloramphenicol controls (10µg) measured as zones of inhi-
bition (mm) against Gram negative bacteria. M = methanolic extract; 
W = aqueous extract; E = ethyl acetate extract; C = chloroform extract; 
H = hexane extract; A = ampicillin; Ch = chloramphenicol. Results are 
expressed as mean ± SEM of at least three determinations in triplicate 
(n=9). * indicates results that are significantly different to the untreat-
ed control (p<0.01).

Figure 2: Antibacterial activity of B. obovata fruit extracts ampicillin 
and chloramphenicol controls (10µg) measured as zones of inhibition 
(mm) against Gram positive bacteria. M = methanolic extract; W = 
aqueous extract; E = ethyl acetate extract; C = chloroform extract; H 
= hexane extract; A = ampicillin; Ch = chloramphenicol. Results are 
expressed as mean ± SEM of three determinations in triplicate (n=9). 
* indicates results that are significantly different to the untreated con-
trol (p<0.01)

Figure 3: Antifungal activity of B. obovata fruit extracts and a ny-
statin control (100µg) measured as zones of inhibition (mm). M = 
methanolic extract; W = aqueous extract; E = ethyl acetate extract; 
C = chloroform extract; H = hexane extract; N = nystatin. Results are 
expressed as mean ± SEM of three determinations in triplicate (n=9). 
* indicates results that are significantly different to the untreated con-
trol (p<0.01).
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Table 2: Minimum inhibitory activity (ug/mL) of B. obovata fruit extracts against susceptible microbial species.

Pathogen M W E C H Amp Chl Nys

G
ra

m
 N

eg
at

iv
e 

Ba
ct

er
ia

A. baylyi 1125 1318 1832  -  - ND ND NT

A. hydrophilia 300 328 620 1184  -  - ND NT

A. faecalis 270 352 980  -  - ND ND NT

E. coli 1478 2264  -  -  - ND ND NT

P. mirabilis 340 773 1200 2836  - ND ND NT

P. vulgaris 430 722 935  -  - ND ND NT

P. fluorescens 200 487 1160  -  -  - ND NT

S. salford 50 452 773  -  - ND ND NT

G
ra

m
 P

os
iti

ve
 

Ba
ct

er
ia

B. cereus 1486 2566  -  -  -  -  ND NT

S. aureus 670 700 728 1156  - ND ND NT

S. epidermidis 540 683 902 1087 1365 ND ND NT

S. pyogenes 1120 995  -  -  -  ND ND NT

Fu
ng

i A. niger 1280  -  -  -  - NT NT ND

C. albicans 865 1458  -  -  - NT NT ND

S. cerevisae 655 882  -  -  - NT NT ND

Numbers indicate the mean MIC of three independent experiments in triplicate (n=9). . M = methanolic extract; W = aqueous  
extract; E = ethyl acetate extract; C = chloroform extract; H = hexane extract; - indicates no growth inhibition; ND = not 
determined as the control antibiotics were tested at a single dose; NT = not tested; Amp = ampicillin; Chl = chloramphenicol; 
Nys = nystatin.

Figure 4: Inhibitory activity of B. obovata fruit extracts against Giar-
dia duodenalis trophozoites measured as a percentage the untreated 
control. M = methanolic extract; W = aqueous extract; E = ethyl ac-
etate extract; C = chloroform extract; H = hexane extract; NC = un-
treated (seawater) control; PC = metranidazole positive control. Re-
sults are expressed as mean percentages ± SEM of three experiments 
in triplicate (n=9). * indicates results that are significantly different to 
the untreated control (p<0.01).

Figure 5: Anti-proliferative activity of B. obovata fruit extracts and 
untreated controls against Caco2 cancer cell lines measured as per-
centages of the untreated control cells. M = methanolic extract; W = 
aqueous extract; E = ethyl acetate extract; C = chloroform extract; H 
= hexane extract; NC = untreated (seawater) control; PC = cisplatin 
positive control. Results are expressed as mean percentages ± SEM 
of at three experiments in triplicate (n=9). * indicates results that are 
significantly different to the untreated control (p<0.01).

Inhibition of cancer cell proliferation
The B. obovata fruit extracts were tested against 2 cancer cell lines  
(Caco2 human colorectal carcinoma cells, Figure 5; HeLa human cervical  
cancer cells, Figure 6) to determine their effects on cell proliferation. 
The methanol and water extracts displayed potent inhibitory activity 
against Caco2 cells, inhibiting proliferation by approximately 80% and 
72% of the untreated control cell growth respectively (Figure 5). Whilst 
exposure to the ethyl acetate chloroform and hexane extracts also caused  
significant decreases in cellular proliferation (11%, 11% and 7% respec-
tively), the effects were relatively moderate compared to the methanolic 

and aqueous extracts. Inhibition of proliferation by all of the B. obovata 
fruit extracts was dose dependent, with the level of inhibitory activity 
decreasing at lower concentrations. 
The B. obvata fruit extracts were also potent inhibitors of HeLa cell prolif-
eration (Figure 6). In contrast with Caco2 proliferation, all of the extracts 
were good inhibitors of HeLa cell proliferation. The methanol and water  
extracts were the strongest inhibitors of HeLa cell proliferation, inhibiting  
proliferation by approximately 80 and 72% inhibition respectively.  
In contrast to the Caco2 study, the ethyl acetate, chloroform and hexane 
extracts were also good inhibitors of HeLa proliferation rates, inhibiting 
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Figure 6: Anti-proliferative activity of B. obovata fruit extracts and 
untreated controls against HeLa cancer cell lines measured as per-
centages of the untreated control cells. M = methanolic extract; W = 
aqueous extract; E = ethyl acetate extract; C = chloroform extract; H 
= hexane extract; NC = untreated (seawater) control; PC = cisplatin 
positive control. Results are expressed as mean percentages ± SEM 
of at three experiments in triplicate (n=9). * indicates results that are 
significantly different to the untreated control (p<0.01).

Figure 7: The lethality of B. obovata fruit extracts (2000µg/mL) and 
potassium dichromate control (1000µg/mL) towards Artemia fran-
ciscana nauplii after 24 hrs exposure. M = methanolic extract; W = 
aqueous extract; E = ethyl acetate extract; C = chloroform extract; H 
= hexane extract; NC = untreated (seawater) control; PC = positive 
(potassium dichromate) control. Results are expressed as mean ± SEM 
of at least triplicate determinations. * indicates results that are signifi-
cantly different to the untreated control (p<0.01).

Table 3: The IC50 values (µg/mL) of G. duodenalis and Caco2 and HeLa cancer cell lines and the LC50 values (µg/mL) for Artemia franciscana nauplii 
exposed to B. obovata fruit extracts and control solutions.

Bioassay
Solvent Extracts Controls  

Methanol Water Ethyl Acetate Chloroform Hexane Negative Control Positive control*

Giardia duodenalis IC50 WND WND NA NA NA  - 16

Caco2 cells IC50 480 563 NA NA NA  - 69

HeLa cells IC50 550 695 640 1486 1294  - 85

Artemia franciscana nauplii 24 h LC50 450 590 645 NA NA  - 156

Numbers indicate the mean IC50 or LC50 values of three experiments performed in triplicate (n=9). - indicates no significant growth inhibition/ brine shrimp mortality; 
NA indicates that the extract was not significantly different from the negative control at any concentration tested, therefore an IC50 value was not able to be determined; 
WND indicates an IC50 was not determined as the amount of live Giardia did not reach ≤50 % at any concentration tested; *positive controls used for the Giardia, cancer 
proliferation and toxicity assays were metronidazole, cisplatin and potassium dichromate respectively.

proliferation by approximately 61, 49 and 51% inhibition respectively). 
Inhibition of proliferation by all extracts was dose dependent, with the 
level of inhibitory activity decreasing at lower concentrations. 

Quantification of toxicity
The B. obovata fruit extracts were diluted to 4000 µg/mL (to give a bioassay  
concentration of 2000µg/mL) in artificial seawater for toxicity testing 
in the Artemia nauplii lethality bioassay. The reference toxin potassium  
dichromate was also tested in the bioassay at 1000µg/mL. Potassium  
dichromate was rapid in its induction of mortality, with significant  
mortality noted by 4 hrs of exposure (unpublished results). The B. obovata  
fruit extracts were substantially slower at inducing mortality, with ≥ 12 hrs  
needed for mortality induction to become evident. Despite the slower  
onset of mortality, the methanol, water and ethyl acetate extracts  
induced mortality significantly above that of the artificial seawater control 
(Figure 7). Table 3 shows the extract and control toxin concentrations 
required to achieve 50% mortality (LC50) following 24 hrs exposure. As 
toxicity of crude plant extracts has previously been defined as 24 LC50  
values <1000µg/mL,20 the measured LC50 values indicate that the methanol,  
water and ethyl acetate extracts display significantly toxicity. Whilst  
Artemia nauplii are generally considered to be robust, they are sensitive  
to acidic pHs21 and previous studies have reported that extracts contain-
ing high ascorbic acid levels may provide fallacious toxicity results21-22  
Interestingly, the extracts displaying significant toxicity also correlated 

with high ascorbic acid equivalent levels (7-12 mg ascorbic acid equiva-
lents per gram of original plant material extracted). Thus, this assay may 
have overestimated the toxicity of these extracts.

DISCUSSION
B. obovata fruit was used by the first Australians to treat sores and ulcers, 
eye and skin diseases and for the treatment of diarrhoea.12 The current  
study was undertaken to examine the antimicrobial and anticancer  
activities of various B. obovata fruit extracts and their toxicity. Bacterial 
growth was inhibited in both Gram positive and Gram-negative bacteria 
by the B. obovata fruit extracts, although the Gram negative bacteria were  
slightly more susceptible. In our study, we have reported growth inhibi-
tory activity of the B. obovata fruit extracts towards several Gram-negative  
bacteria. A. hydrophilia (MIC=300µg/mL), A. faecalis (MIC=270µg/mL),  
P. mirabilis (MIC=340µg/mL), P. vulgaris (MIC=430µg/mL), P. fluorescens  
(MIC=200µg/mL) and S. salford growth (MIC=50µg/mL) were particularly  
strongly inhibited. Moderate inhibitory activity was noted against  
A. baylyi and E. coli, with MIC values >1000µg/mL. Of the Gram-positive  
bacteria, the Staphylococcus species were most susceptible to the B. obovata 
fruit extracts, with MIC values of 670 and 540µg/mL determined for the  
methanolic extract. 
The ability of plant extracts to inhibit the growth of both Gram positive 
and Gram-negative bacteria has been previously reported for other  
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plants that have a history of medicinal usage for the treatment of  
microbial diseases. The antiseptic properties of the Eucalyptus spp.23  
Leptospermum spp.24 and Syzygium spp.25-27 have been studied extensively 
and shown to inhibit the growth of a wide variety of bacteria. However, 
the equal or greater susceptibility of the Gram-negative bacterial species 
towards the B. obovata fruit extracts is noteworthy. This is in contrast  
to other previous studies which have reported a greater susceptibility of Gram 
positive bacteria towards solvent extracts for South American,28 African29 

and Australian30 plant extracts, although other examples of plants having 
a greater effect on Gram negative bacteria have also been reported.10,14 
Antifungal activity was also noted for the methanolic and aqueous  
B. obovata fruit extracts. The methanolic extract was a particularly good 
inhibitor of C. albicans and C. cerevisiae growth, with MIC values of 865  
and 655µg/mL respectively. Interestingly, the methanolic extract also  
inhibited the growth of A. niger, with an MIC of 1280µg/mL. Whilst this 
is substantially higher than against the other fungal strains, this inhibition  
is still noteworthy as the A. niger tested in our studies is a strain has  
previously been reported to be resistant to several antibiotics.31-32 
Identification of the specific components responsible for the anti
microbial activity reported in of the B. obovata fruit extracts was beyond  
the scope of our study. However, the qualitative phytochemical screening  
studies show that the most potent methanolic and aqueous extracts  
were rich in phenolics, flavonoids and tannins. Many studies have reported  
potent growth inhibitory activities for a wide variety of flavonoids  
against extensive bacterial panels.33 Similarly, a number of tannin com-
pounds have bacterial growth inhibitory activity. Gallotannins have 
been reported to inhibit the growth of a broad spectrum of bacterial 
species34 through a variety of mechanisms including binding cell surface  
molecules including lipotoichoic acid and proline-rich cell surface  
proteins35,36 and by inhibiting glucosyltransferase enzymes.37 Elligitannins  
are also highly potent inhibitors of bacterial growth, with MIC values as 
low as 62.5 µg/mL.34,36 Ellagitannins have also been reported to function  
via several antibiotic mechanisms including interaction with cytoplasmic  
oxidoreductases and by disrupting bacterial cell walls.34,36 Thus, it is likely 
that multiple compounds within the B. obovata fruit extracts contribute 
to the antimicrobial properties of these extracts.
Antiproliferative activity against Caco2 and HeLa carcinoma cell lines was 
also noted for the B. obovata fruit extracts (especially for the methanol  
and water extracts), with IC50 values generally approximately 500-700µg/mL. 
The ethyl acetate extract was also a potent inhibitor of HeLa proliferation 
(IC50 640µg/mL), although it was completely ineffective against Caco2  
proliferation. Whilst the chloroform and hexane extracts were also  
completely ineffective against Caco2 cell proliferation, they were moderate  
inhibitors of HeLa proliferation, with IC50 values of 1486 and 1294µg/mL 
respectively. Interestingly, the antiproliferative activity correlated to the 
extracts with the highest antioxidant capacity. Previous studies have  
noted a similar relationship between antioxidant capacity and antipro-
liferative activity in Caco2 cells.13,38 Both of those studies postulate that 
the antiproliferative (and antioxidant) activities were due to the phenolic  
acids and flavonoids in the extracts. This is consistent with the qualita-
tive phytochemical analysis in our study, which observed high relative 
abundances of both classes of compounds in the methanolic, aqueous 
and ethyl acteate B. obovata fruit extracts and an absence of detectable 
levels of the compound classes in the chloroform and hexane extracts. 
Flavonoids are believed to protect cells from disease by shielding lipids,  
proteins and DNA from oxidative damage.39 The specific extract  
components responsible for the antiproliferative activity of the B. obovata  
extracts were not identified in our study and further work is required to 
isolate and identify those compounds.
The findings reported here also show that only the B. obovata methanol, 
water and ethyl acetate extracts displayed significant toxicity towards 

A. franciscana, with LC50 values of 450, 590 and645µg/mL respectively. 
Whilst otherwise quite hardy, Artemia nauplii have been shown in our 
laboratory to be sensitive to pH changes (unpublished results). Extract 
constituents such as ascorbic acid, gallic acid and other tannins would be 
expected to decrease the pH of the test solution and may account for any 
apparent toxicity. As these extracts would be expected to contain signifi-
cant quantities of ascorbic acid and tannins, it is perhaps not surprising  
that they displayed significant toxicity in this assay. Further toxicity studies  
using human cell lines are needed to further determine the suitability of 
the B. obovata fruit extracts for medicinal purposes. 
The results of this study indicate that the B. obovata fruit extracts examined  
in this report are worthy of further study due to their antibacterial activity 
and ability to block cancer cell proliferation. Further evaluation of the 
antimicrobial and anticancer properties of these extracts is warranted. 
Likewise, purification and identification of the bioactive components is 
needed to examine the mechanisms of action of these agents. Whilst the  
extracts examined in this report have potential as antimicrobial and  
anticancer agents, caution is needed before they can be applied to  
medicinal purposes. 

CONCLUSION
The results of this study partially validate the traditional usage of B. obovata 
fruit extracts to treat microbial diseases and cancer and indicate that they 
are worthy of further study. Bioactivity driven purifications of the active 
components and an examination of the mechanisms of action of these 
agents is required.
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•  Methanolic, aqueous and ethyl acetate B. obovata fruit extracts were potent 
inhibitors of a panel of bacteria.

•  The methanolic and aqueous extracts had the broadest spectrum, inhibiting all 
gram-positive and gram-negative bacteria tested.

•  The methanolic extract also displayed good antifungal activity.
•  The methanolic and aqueous extracts were also good inhibitors of Caco2 and 

HeLa carcinoma proliferation.
•  None of the extracts significantly inhibited G. duodenalis gwowth.
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