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a b s t r a c t

Introduction: Terminalia ferdinandiana is an endemic australian native plant with a history of use as a food and as 

a medicinal agent by indigenous australians. Yet the medicinal bioactivities of this plant are poorly studied. in the 

current study, solvent extracts from T. ferdinandiana fruit pulp were tested for antimicrobial activity and toxicity in vitro. 

Results: all extracts displayed antibacterial activity in the disc diffusion assay. the methanol extract proved to have the 

BROADESTÒSPECIµCITY�ÒINHIBITINGÒTHEÒGROWTHÒOFÒ��ÒOFÒTHEÒ��ÒBACTERIAÒTESTEDÒ������	�Ò4HEÒDEIONISEDÒWATERÒEXTRACTÒINHIBITEDÒ
THEÒGROWTHÒOFÒ��ÒOFÒTHEÒ��ÒBACTERIAÒTESTEDÒ������	�Ò4HEÒETHYLÒACETATE�ÒCHLOROFORMÒANDÒHEXANEÒEXTRACTSÒINHIBITEDÒ������Ò
�����ÒANDÒ�����ÒRESPECTIVELY�ÒT. ferdinandiana methanolic extracts were approximately equally effective against gram-

POSITIVEÒ�����	ÒANDÒ'RAM
NEGATIVEÒBACTERIAÒ����	�Ò!LLÒOTHERÒEXTRACTSÒWEREÒMOREÒEFFECTIVEÒATÒ INHIBITINGÒTHEÒGROWTHÒOFÒ
gram-positive bacteria. the water, ethyl acetate, chloroform and hexane extracts inhibited the growth of 100, 50, 50 and 

���Ò'RAM
POSITIVEÒBACTERIAÒ RESPECTIVELY�Ò )NÒCONTRAST�Ò THEYÒ INHIBITEDÒ THEÒGROWTHÒOFÒ���Ò���Ò��ÒANDÒ��Ò'RAM
NEGATIVEÒ
respectively. all T. ferdinandianaÒEXTRACTSÒWEREÒEITHERÒNON
TOXICÒ�ETHYLÒACETATE�ÒCHLOROFORM�ÒHEXANE	ÒWITHÒNOÒSIGNIµCANTÒ
INCREASEÒ INÒ MORTALITYÒ INDUCTION�Ò ORÒ OFÒ LOWÒ TOXICITYÒ �,#

50
Ò �����Ò |G�ML	Ò �METHANOL�Ò DEIONISEDÒ WATER	Ò INÒ THEÒ Artemia 

fransiscana bioassay. Conclusions: the low toxicity of the T. ferdinandiana extracts and their inhibitory bioactivity 

against bacteria validate australian aboriginal usage of T. ferdinandiana and indicates its medicinal potential as well as 

its potential as a source of natural ascorbic acid.
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INTRODUCTION

Terminalia ferdinandiana (commonly known as Kakadu plum, 
gubinge, bush plum, billy goat plum and salty plum) is 
a moderately sized semi-deciduous tree of  the family 
Combretaceae.[1] It is endemic to Australia, occurring 
predominantly in the tropical grasslands of  the Northern 
Territory and the Kimberley region of  Western Australia. 
T. ferdinandiana�ÁRZHUV�DW�WKH�HQG�RI �GU\�VHDVRQ��6HSWHPEHU�
November) and develops fruits from the middle of  the 
wet season (January-June) to the early part of  dry season. 
7KH�IUXLW�DUH�����WR���FP�ORQJ�RYRLG�VKDSHG�VPRRWK�ÁHVK\�
drupes with a short beak at the tip. They become yellow 
to green in colour when ripe. The fruit have been used as 
a food source by Australian Aborigines in the northern 
regions of  Australia for thousands of  years.[2-4] They are 

DVWULQJHQW�DQG�KDYH�D�SOHDVDQW�EXW�WDUW��VOLJKWO\�ELWWHU�ÁDYRXU�
when eaten fresh[5] and are increasingly being used to produce 
powders, sauces, jams, beverages and preserves, as well as 
in cosmetic products.

T. ferdinandiana also has a history of  use as a traditional medicine 
for the treatment of  numerous ailments. The fruit were eaten 
by Australian Aborigines on long treks or hunting trips and 
was considered more valuable as a medicine rather than as 
a food.[6-8] The inner bark of  the tree was also used medicinally 
to treat a variety of  skin disorders and infections including 
wounds, sores and boils.[2] It is also effective in controlling 
fungal infections such as ringworm, and in the treatment of  
bacterial infections including its use in treating leprosy.[2]

Recently, T. ferdinandiana has been attracting attention due 
to its interesting phytochemistry. In particular, extremely 
high levels of  ascorbic acid (vitamin C) have been reported 
for T. ferdinandiana fruit.[9,10] Indeed, T. ferdinandiana is now 
known as the richest source of  vitamin C of  any fruit in the 
world, with levels over 900 times higher than the same weight 
of  blueberries.[10] 6RPH�VWXGLHV�KDYH�HVWLPDWHG�WKH�OHYHOV�RI �

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54



Galley Proof

Pharmacognosy Journal | February 2011 | Vol 3 | issue 20 73

Cocka and Mohantya: Evaluation of  the antibacterial activity and toxicity of  Terminalia ferdinandia fruit extracts.

Antibacterial screening
Test microorganisms
All microbial strains were obtained from Michelle Mendell 
DQG�7DULWD�0RUDLV��*ULIÀWK�8QLYHUVLW\��$XVWUDOLD��6WRFN�FXOWXUHV�
of  Aeromonas hydrophilia, Alcaligenes feacalis, Bacillus cereus, 
Citrobacter freundii, Escherichia coli, Klebsiella pneumoniae, Proteus 
mirabilis, 3VHXGRPRQDV� ÁXRUHVFHQV, Salmonella newport, Serratia 
marcescens, Shigella sonnei, Staphylococcus aureus, Staphylococcus 
epidermidis and Streptococcus pyogenes were subcultured and 
maintained in nutrient broth at 4°C.

Evaluation of antimicrobial activity
Antimicrobial activity of  all plant extracts was determined 
XVLQJ� D�PRGLÀHG�.LUE\�%DXHU� GLVF� GLIIXVLRQ�PHWKRG�[24] 
%ULHÁ\�������O�RI �WKH�WHVW�EDFWHULD�ZHUH�JURZQ�LQ����PO�RI �
fresh media until they reached a count of  approximately 
108�FHOOV�PO�������O�RI �PLFURELDO�VXVSHQVLRQ�ZDV�VSUHDG�
onto nutrient agar plates.

7KH� H[WUDFWV� ZHUH� WHVWHG� XVLQJ� �� PP� VWHULOLVHG� ÀOWHU�
SDSHU�GLVFV��'LVFV�ZHUH�LPSUHJQDWHG�ZLWK�����O�RI �WKH�
test sample, allowed to dry and placed onto inoculated 
plates. The plates were allowed to stand at 4°C for 2 hours 
before incubation with the test microbial agents. Plates 
inoculated with Alcaligenes feacalis, Aeromonas hydrophilia, 
Bacillus cereus, Citrobacter freundii, Klebsiella pneumoniae, Proteus 
PLUDELOLV��3VHXGRPRQDV�ÁXRUHVFHQV and Serratia marcescens were 
incubated at 30°C for 24 hours, then the diameters of  
the inhibition zones were measured in millimetres. Plates 
inoculated with Escherichia coli, Salmonella newport, Shigella 
sonnei, Staphylococcus aureus, Staphylococcus epidermidis and 
Streptococcus pyogenes were incubated at 37°C for 24 hours, 
then the diameters of  the inhibition zones were measured. 
All measurements were to the closest whole millimetre. 
Each antimicrobial assay was performed in at least 
WULSOLFDWH��0HDQ�YDOXHV�DUH�UHSRUWHG�LQ�WKLV�VWXG\��6WDQGDUG�
GLVFV�RI �DPSLFLOOLQ�����J��DQG�FKORUDPSKHQLFRO������J��
were obtained from Oxoid Ltd. and served as positive 
controls for antimicrobial activity. Filter discs impregnated 
ZLWK� ��� �O� RI � GLVWLOOHG� ZDWHU� ZHUH� XVHG� DV� D� QHJDWLYH�
control.

Minimum inhibitory concentration (MIC) 
determination
The minimum inhibitory concentration (MIC) of  the 
T. ferdinandiana extracts was determined by the disc diffusion 
method across a range of  doses. The plant extracts were 
diluted in deionised water across a concentration range 
of  5 mg/ml to 0.1 mg/ml. Discs were impregnated with 
��� �O� RI � WKH� WHVW� GLOXWLRQV�� DOORZHG� WR� GU\� DQG� SODFHG�
onto inoculated plates. The assay was performed as 
outlined above and graphs of  the zone of  inhibition versus 
concentration were plotted for each extract. Linear regression 
was used to calculate the MIC values.

ascorbic acid in T. ferdinandiana fruit to be as high as 5.5% 
of  dry weight, in comparison to approximately 0.5% dry 
weight in oranges, grapefruit and limes.[3] Ascorbic acid is 
well known for its ability to scavenge free radicals and thereby 
reduce oxidative stress.[11] As the induction of  oxidative stress 
is known to be associated with some cancers, cardiovascular 
disease, neurodegeneration disorders, diabetes and obesity,[12] 
the high levels of  ascorbic acid associated with T. ferdinandiana 
IUXLW�PD\�DOVR�KDYH�EHQHÀFLDO�KHDOWK�UHODWHG�ELRDFWLYLWLHV�

Phytochemical studies of  the nutritional value of  T. ferdinandia 
fruit have also shown it to also be high in other important 
polyphenolic antioxidants including ellagic and gallic acids. [13] 
Pure ellagic and gallic acids and their derivatives have 
previously been shown to have antibacterial,[14,15] antifungal,[16,17] 
antiviral,[18]� DQWL�LQÁDPPDWRU\�[19] antimutagenic,[20] and 
antiallergic bioactivities.[21] Furthermore, ellagic and gallic 
acids have demonstrated cytotoxic activity towards cancer 
cells, whilst being nontoxic to normal cell lines.[22-23]

Given the previous phytochemical studies, it is surprising 
that the therapeutic potential of  T. ferdinandiana remains 
largely unstudied. Most of  the studies regarding this plant 
solely report on the vitamin C level and the total antioxidant 
capacity without examining medicinally important bioactivities. 
Therefore, the current study reports on the antibacterial 
properties of  T. ferdinandiana fruit pulp extracts as well as 
examining their toxicity to determine their potential as 
antibiotic agents and to validate the ethnopharmacological 
usage by Australian Aborigines from northern regions of  
Australia.

MATERIALS AND METHODS

Plant material
t. ferdinandiana fruit pulp samples
T. ferdinandiana�IUXLW�SXOS�ZDV�D�JLIW�IURP�'DYLG�%RHKPH�
of  Wild Harvest, Northern Territory, Australia. The pulp 
was frozen for transport and stored at –10°C until processed.

Preparation of crude extracts
T. ferdinandiana fruit pulp was thawed at room temperature 
DQG�GULHG�LQ�D�6XQEHDP�IRRG�GHK\GUDWRU��7KH�GULHG�SXOS�
material was subsequently ground to a coarse powder. 1 g 
of  each of  the ground dried pulp was extracted extensively 
in 50 ml of  either methanol, deionised water, ethyl acetate, 
chloroform or hexane for 24 hours at 4°C with gentle shaking. 
All solvents were supplied by Ajax and were AR grade. The 
H[WUDFWV�ZHUH�ÀOWHUHG�WKURXJK�ÀOWHU�SDSHU��:KDWPDQ�1R��
54) under vacuum followed by drying by rotary evaporation 
in an Eppendorf  concentrator 5301. The resultant pellets 
were dissolved in 10 ml deionised water. The extract was 
SDVVHG�WKURXJK�������P�ÀOWHU��6DUVWHGW��DQG�VWRUHG�DW���&�
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ranging from 23 mg to 498 mg (Table 1). Methanol and 
deionised water both gave high yields of  dried extracted 
material (371 and 498 mg respectively) whilst ethyl acetate, 
chloroform and hexane all extracted relatively low masses 
(28, 60 and 23 mg respectively). The dried extracts were 
resuspended in 10 ml of  deionised water resulting in the 
extract concentrations shown in Table 1.

����O�RI �HDFK�H[WUDFW������J� was tested in the disc diffusion 
assay against 14 bacteria (Table 2). T. ferdinandiana fruit 
methanol extract was particularly effective as an antibacterial 
agent, inhibiting the growth of  13 of  the 14 bacteria tested 
(92.9%). The deionised water extract also displayed broad 
antibacterial activity, inhibiting the growth of  11 of  the 
14 bacteria tested (78.6%). Ethyl acetate, chloroform and 
KH[DQH�H[WUDFWV�HDFK�KDG�QDUURZHU�VSHFLÀFLW\�� LQKLELWLQJ�
3 (21.4%), 4 (28.6%) and 2 (14.3%) of  the tested bacteria 
respectively.

%RWK� *UDP�SRVLWLYH� DQG� *UDP�QHJDWLYH� EDFWHULD� ZHUH�
affected approximately equally by the T. ferdinandiana pulp 
methanol extract (90% and 100% respectively). In contrast, 
all other extracts proved more effective at inhibiting the 
growth of  Gram-positive bacteria. Of  the 10 Gram-negative 
bacteria tested, 7 (70%) were inhibited by the T. ferdinandiana 
pulp deionised water extract whilst 100% of  the Gram-
positive bacterial growth was inhibited by this extract. The 
DQWLEDFWHULDO�VSHFLÀFLW\�WRZDUGV Gram-positive bacteria was 
even more evident for the ethyl acetate, chloroform and 
hexane extracts. The ethyl acetate extract inhibited the 
growth of  2 of  the 4 Gram-positive bacteria tested (50%) 
and 1 of  the 10 Gram-negative bacteria tested (10%). The 
chloroform and hexane extracts also inhibited the growth 
of  2 of  the 4 Gram-positive bacteria tested (50%) each. In 
contrast, the chloroform extract inhibited the growth of  
2 of  the 10 Gram-negative bacteria tested (20%), whilst 
no Gram-negative bacterial growth was inhibited by the 
hexane extract (0%).

The relative level of  antibacterial activity was evaluated 
by determining the MIC values for each extract against 
the bacteria which were shown to be susceptible by disc 

Toxicity Screening
Reference toxins for toxicity screening
Potassium dichromate (K2Cr2O7���$5�JUDGH��&KHP�6XSSO\��
Australia) was prepared as a 1.6 mg/ml solution in distilled 
ZDWHU� DQG� ZDV� VHULDOO\� GLOXWHG� LQ� DUWLÀFLDO� VHDZDWHU� IRU�
use in the Artemia franciscana nauplii bioassay. Mevinphos 
(2-methoxycarbonyl-1-methylvinyl dimethyl phosphate) 
ZDV�REWDLQHG�IURP�6LJPD�$OGULFK�DV�D�PL[WXUH�RI �FLV���������
and trans (23.0%) isomers and prepared as a 4 mg/ml stock 
LQ�GLVWLOOHG�ZDWHU��7KH�VWRFN�ZDV�VHULDOO\�GLOXWHG�LQ�DUWLÀFLDO�
seawater for use in the bioassay.

Artemia franciscana nauplii toxicity screening
Toxicity was tested using the Artemia franciscana nauplii 
lethality assay developed by Meyer et al[25] for the screening 
RI �DFWLYH�SODQW�FRQVWLWXHQWV�ZLWK�WKH�IROORZLQJ�PRGLÀFDWLRQV��
Artemia franciscana Kellogg cysts were obtained from North 
$PHULFDQ�%ULQH�6KULPS��//&��86$��KDUYHVWHG�IURP�WKH�
*UHDW�6DOW�/DNH��8WDK���6\QWKHWLF�VHDZDWHU�ZDV�SUHSDUHG�
XVLQJ�5HHI �6DOW��$=22�&R���86$��6HDZDWHU�VROXWLRQV�DW�
34 g/l distilled water were prepared prior to use. 2 g of  
A. franciscana cysts were incubated in 1 l synthetic seawater 
XQGHU�DUWLÀFLDO� OLJKW�DW����&�������/X[�ZLWK�FRQWLQXRXV�
aeration. Hatching commenced within 16-18 h of  incubation. 
Newly hatched A. franciscana (nauplii) were used within 
10 h of  hatching. Nauplii were separated from the shells 
and remaining cysts and were concentrated to a suitable 
GHQVLW\�E\�SODFLQJ� DQ� DUWLÀFLDO� OLJKW� DW�RQH� HQG�RI � WKHLU�
incubation vessel and the nauplii rich water closest to the 
OLJKW�ZDV�UHPRYHG�IRU�ELRORJLFDO�DVVD\V�������O�RI �VHDZDWHU�
containing approximately 42 (mean 41.6, n� ������6'������ 
nauplii were added to wells of  a 48 well plate and immediately 
used for bioassay. The plant extracts were diluted to 2 mg/ ml 
in seawater for toxicity testing, resulting in a 1 mg/ml 
FRQFHQWUDWLRQ�LQ�WKH�ELRDVVD\�������O�RI �GLOXWHG�SODQW�H[WUDFWV�
and the reference toxins were transferred to the wells and 
LQFXEDWHG�DW��������&�XQGHU� DUWLÀFLDO� OLJKW� ������/X[���
$�QHJDWLYH�FRQWURO� ������O� VHDZDWHU��ZDV� UXQ� LQ�DW� OHDVW�
triplicate for each plate. All treatments were performed 
in at least triplicate. The wells were checked at regular 
intervals and the number of  dead counted. The nauplii 
were considered dead if  no movement of  the appendages 
was observed within 10 seconds. After 72 h all nauplii were 
VDFULÀFHG�DQG�FRXQWHG�WR�GHWHUPLQH�WKH�WRWDO�QXPEHU�SHU�
well. The LC50�ZLWK�����FRQÀGHQFH�OLPLWV�IRU�HDFK�WUHDWPHQW�
was calculated using probit analysis.[26]

RESULTS

Antibacterial Activity
1 kg of  T. ferdinandiana fruit pulp was dehydrated resulting 
in 165 g of  dried material. Extraction of  1 g of  dried plant 
material with various solvents yielded dried plant extracts 

Table 1: The mass of dried material extracted 
with the various solvents and the concentration 
after resuspension in deionised water

Solvent Mass of Dried 
Extract (mg)

Resuspended Extract 
Concentration (mg/ml)

Methanol 371 37.1
Deionised Water 498 49.8
Ethyl Acetate  28 2.8
Chloroform  60 6
Hexane  23 2.3
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A. hydrophilia, C. freundi, S. sonnei, B. cereus, S. aureus and 
S. epidermidis also were quite susceptible, displaying inhibited 
JURZWK� DW� FRQFHQWUDWLRQV� EHORZ� ���� �J�PO�� P. mirabilis 
JURZWK�ZDV�DOVR�LQKLELWHG�E\�ORZ�FRQFHQWUDWLRQV��������J��PO��
of  the deionised water extract, whilst C. freundi, E. coli, 
3��ÁXRUHVFHQV and S. epidermidis were all inhibited by the water 
H[WUDFW�DW�FRQFHQWUDWLRQV�EHORZ������J�PO�

Qantification of toxicity
The T. ferdinandiana fruit extracts (Figures 1a-e) were diluted 
LQ� DUWLÀFLDO� VHDZDWHU� IRU� WR[LFLW\� WHVWLQJ� LQ� WKH�Artemia 
franciscana lethality bioassay. For comparison, the reference 

diffusion assays. MIC’s were evaluated in the current studies 
by disc diffusion across a range of  concentrations. This 
has previously been determined to be a valid method of  
MIC determination as MIC values determined by disc 
diffusion correlate well with those determined by broth 
dilution assays. [27]

The methanol extract was particularly effective at inhibiting 
the growth of  A. faecalis, P. mirabilis, 3��ÁXRUHVFHQV, S. newport 
and S. pyogenes, as seen by minimum inhibitory concentration 
(Table 3). Indeed, the growth of  these bacteria was 
LQKLELWHG�E\�ORZ�FRQFHQWUDWLRQV��������J�PO��RI �WKH�H[WUDFW� 

Table 2: Antibacterial activity of T. ferdinandiana fruit extracts measured as zones of inhibition (mm)
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Gram negative rods
A. faecalis 13.0 ± 0  –  – – – 15.2 ± 1.2 6.3 ± 0.6 –
A. hydrophilia 8.0 ± 0 7.3 ± 1.2 – 6.0 ± 0 – 12.0 ± 1.0 28.7 ± 1.6 –
C. freundi 12.7 ± 1.2 13.6 ± 1.2 – – – 8.3 ± 0.6 15.7 ± 1.2 –
E. coli 8.3 ± 0.6 7.8 ± 1.0 – – – 14.7 ± 0.6 17.3 ± 0.6 –
K.pneumoniae 6.0 ± 0 – – – – 10.3 ± 0.6 21.3 ± 1.5 –
P. mirabilis 14.7 ± 1.5 12.3 ± 0.6 7.0 ± 1.0 7.7 ± 0.6 – 17.3 ± 0.6 8.7 ± 0.6 –
P. fluorescens 12.7 ± 0.6 9.7 ± 0.6 – – – 18.2 ± 0.5 21.2 ± 1.2 –
S. newport 12.7 ± 0.6 7.0 ± 0 – – – 18.7 ± 0.6 20.3 ± 0.6 –
S. marcescens – – – – – 0 ± 0 14.7 ± 0.6 –
S. sonnei 9.7 ± 0.6 7.3 ± 0.6 – – – 14.0 ± 0 14.3 ± 0.6 –

Gram positive rods
B. cereus 11.7 ± 0.6 7.3 ± 0.6 – – – 26.7 ± 0.6 13.3 ± 1.2 –

Gram positive cocci
S. aureus 8.3 ± 0.6 6.6 ± 0.6 6.0 ± 0 7.2 ± 1.0 6.7 ± 0.6 11.7 ± 2.1 16.0 ± 1.0 –
S. epidermidis 10.7 ± 0.6 14.3 ± 0.6 9.0 ± 0 6.0 ± 0 6.3 ± 0.6 26.3 ± 1.5 12.3 ± 0.6 –
S. pyogenes 12.7 ± 1.2 7.3 ± 0.6 – – – 17.0 ± 1.0 24.0 ± 1.0 –

Numbers indicate the mean diameters (mm) of inhibition of triplicate experiments ± standard deviation. – indicates no growth inhibition. Chloramphenicol (10 µg) and 
ampicillin (2 µg) were used as the positive controls.

Table 3: Minimum inhibitory concentrations (µg/ml) of T. ferdinandiana extracts against susceptible bacteria

Methanol Water Ethyl Acetate Chloroform Hexane

A. faecalis 46.8 – – – –
A. hydrophilia 160.2 518.8 – 695.5 –
C. freundi 159.4 287.1 – – –
E. coli 684.3 348.8 – – –
K. pneumoniae 924.7 – – – –
P. mirabilis 29.1 85.9 500 672.3 –
P. fluorescens 47.3 147.1 – – –
S. newport 35 875.7 – – –
S. sonnei 112.5 566.6 – – –
B. cereus 113.5 530.9 – – –
S. aureus 285.6 756.8 825.7 707.1 594.6
S. epidermidis 114.7 196.7 739.7 695.6 347.9
S. pyogenes 47.6 250 – – –

Numbers indicate the mean MIC values of at least triplicate determinations. – indicates no growth inhibition.
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more rapid in their onset of  mortality than any of  the 
T. ferdinandiana extracts at the concentrations tested. For 
both reference toxins, the induction of  mortality was seen 
ZLWKLQ�WKH�ÀUVW���KRXUV�RI �H[SRVXUH�������PRUWDOLW\�ZDV�

WR[LQV�SRWDVVLXP�GLFKURPDWH�������J�PO���)LJXUH��J��DQG�
0HYLQSKRV��������J�PO���)LJXUH��K��ZHUH�DOVR�WHVWHG�LQ�
the Artemia franciscana lethality bioassay. The potassium 
dichromate and Mevinphos reference toxins were much 

Figure 1: Brine shrimp lethality of (a) T. ferdinandiana fruit methanol extract (1000 µg/ml), (b) T. ferdinandiana fruit water extract (1000 µg/ml), 
(c) T. ferdinandiana fruit ethyl acetate extract (1000 µg/ml), (d) T. ferdinandiana fruit chloroform extract (1000 µg/ml), (e) T. ferdinandiana fruit 
hexane extract (1000 µg/ml), (f) artificial seawater negative control, (g) potassium dichromate (800 µg/ml), (h) Mevinphos (2000 µg/ml). All bioassays 
were performed in at least triplicate and are expressed as mean ± standard deviation.
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been extensively studied and shown to inhibit the growth 
of  a wide variety of  both Gram-positive and Gram-negative 
bacteria.

We report T. ferdinandiana fruit pulp solvent extracts to have 
greater antibacterial activity towards Gram-positive bacteria 
than towards Gram-negative bacteria in this study. The 
greater susceptibility of  Gram-positive bacteria towards 
the T. ferdinandiana fruit extracts is in agreement with 
SUHYLRXVO\� UHSRUWHG� UHVXOWV� IRU� 6RXWK� $PHULFDQ�[38] 
African,[39-40] and Australian[41] plant extracts. Results within 
WKLV�ODERUDWRU\�KDYH�DOVR�FRQÀUPHG�WKH�JUHDWHU�VXVFHSWLELOLW\�
of  Gram-positive bacteria towards other Australian plant 
extracts.[28] The Gram-negative bacterial cell wall outer 
membrane is thought to act as a barrier to many substances 
including antibiotics.[42] The uptake of  the T. ferdinandiana 
extract antibiotic agents by Gram-negative bacteria is 
presumably affected by the cell wall outer membrane of  
some bacteria.

Individual T. ferdinandiana fruit pulp components responsible 
IRU�WKH�H[WUDFWV�DQWLVHSWLF�SRWHQWLDO�ZHUH�QRW�LGHQWLÀHG�LQ�
the current study. However, previous reports have 
demonstrated that T. ferdinandiana contain high levels of  
antioxidants.[9,10,13] In particular, several studies have 
highlighted the fact the T. ferdinandiana has the highest 
recorded concentrations of  ascorbic acid of  any fruit in 
the world.[9,10] However, it is unlikely that ascorbic acid 
alone is responsible for the broad antibacterial activity and 
low MIC values seen during this study, even at the high 
levels present in T. ferdinandiana fruit. Previous studies have 
demonstrated that ascorbic acid alone displays only weak 
antibacterial activity towards E. coli and S. aureus, even at 
relatively high concentrations.[43] Instead, if  ascorbic acid 
is involved in the antibacterial bioactivities reported here, 
it is more likely that it works in a synergistic manner with 
other T. ferdinandiana extract phytochemicals. Ascorbic acid 
has previously been shown to enhance the antibacterial 
activity of  other polyphenolic compounds through an 
inhibition of  the oxidation of  these polyphenols. For 

evident following 4 hours of  exposure. In contrast, mortality 
due to T. ferdinandiana methanol and water extract exposure 
was evident within 6 hours and 12 hours was required to 
achieve approximately 100% mortality. None of  the other 
extracts induced mortality above the levels seen for seawater 
controls at any time tested.

To determine the effect of  toxin concentration on the 
induction of  mortality, the LC50 values of  the extracts was 
determined by testing across the concentration range 
������J��PO�WR�����J�PO in the Artemia nauplii bioassay. 
For comparison, potassium dichromate and Mevinphos 
were tested across the same concentration range. Table 4 
shows the LC50 values of  T. ferdinandiana extracts towards 
A. franciscana. No LC50 values are reported for the 
T. ferdinandiana ethyl acetate, chloroform or hexane fruit 
extracts as no increase in mortality above the seawater 
controls was seen for these extracts at any time tested. The 
T. ferdinandiana methanol and water extracts displayed similar 
toxicity to Mevinphos at 24 hours but were substantially 
less toxic at 48 and 72 hours with 48 hour LC50 values of  
�����J�PO�IRU�ERWK�WKH�PHWKDQRO�DQG�ZDWHU�H[WUDFWV�DQG�
72 hour LC50 YDOXHV�RI ������J�PO�DQG������J�PO�UHVSHFWLYHO\� 
compared to 48 h and 72 h LC50 YDOXHV�RI ������J�PO�DQG�
���� �J�PO� IRU� 0HYLQSKRV� Potassium dichromate was 
substantially more toxic at 24 hours (24 h LC50 ����J�PO���
48 hours (48 h LC50 ����J�PO��DQG����KRXUV�����K�/&50 
����J�PO��

DISCUSSION

The current study reports on the antimicrobial activity and 
toxicity of  T. ferdinandiana fruit pulp extracts. The ability 
of  T. ferdinandiana fruit pulp extracts to inhibit the growth 
of  both Gram-positive and Gram-negative bacteria seen 
in this study is in agreement with previous reports of  the 
antibacterial activity of  other plants used by Australian 
Aborigines as antibacterial agents. The antiseptic properties 
of  Eucalypts,[28-31] Leptospermums,[32-35] and Melaleucas,[36,37] have 

Table 4: LC50 (95% confidence interval) for A. franciscana nauplii exposed to T. ferdinandiana leaf and fruit extracts, 
the reference toxins potassium dichromate and Mevinphos and a seawater control

LC50

3 hours 6 hours 24 hours 48 hours 72 hours

Methanol 1964 1473  913 900 886
Water 1963 1050  900 900 900
Ethyl Acetate – – – – –
Chloroform – – – – –
Hexane – – – – –

Potassium Dichromate –  286   92  86  83
Mevinphos – 1286 1004 525 109
Seawater Control – – – – –

Ȃ������������������������������������������ι�͘͝ά����������������������������������������������Ǥ
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control at any dose or time tested. Only the methanol and 
deionised water extracts were seen to induce mortality above 
that of  the seawater controls and even this is considered 
ORZ�WR[LFLW\��%RWK�RI �WKHVH�H[WUDFWV�GLVSOD\HG��������DQG�
72 h LC50�YDOXHV�RI �DSSUR[LPDWHO\������J�PO��$V�DQ�/&50 
RI ��������J�PO�LV�GHÀQHG�DV�QRQWR[LF�[25] these extracts 
are considered of  only low toxicity. Toxicity towards 
A. franciscana has also previously been shown to correlate 
well with toxicity towards human cells for some toxins.[49] 
Therefore, studies into potential anticancer activities of  
T. ferdinandiana fruit extracts are warranted, particularly for 
the methanol and water extracts.

In conclusion, this study focussed on the bacterial growth 
inhibitory potential of  T. ferdinandiana fruit pulp. Other 
studies are needed to examine other medicinally important 
bioactivities of  T. ferdinandiana fruit. The results of  the 
current study indicate that T. ferdinandiana fruit pulp extracts 
are worthy of  further study due to their antibacterial activity. 
Evaluation of  T. ferdinandiana fruit pulp extract antibacterial 
properties against a more extensive panel of  microbial 
DJHQWV�LV�ZDUUDQWHG��/LNHZLVH��SXULÀFDWLRQ�DQG�LGHQWLÀFDWLRQ�
of  the bioactive components is needed to examine the 
mechanisms of  action of  these agents. Whilst the extracts 
examined in this report are promising as antimicrobial agents, 
caution is needed before these compounds can be applied 
to medicinal purposes and as food additives to inhibit 
spoilage. In particular, further toxicity studies using human 
cell lines are needed to determine the suitability of  these 
extracts for these purposes.
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