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INTRODUCTION

Plants have long been used as medicines for treating a 
variety of  different diseases and complaints. In many 
parts of  the world plant preparations and medications 
continue to be used in the treatment of  numerous dis-
orders including eczema, malaria, respiratory disorders 
and infectious diseases.[1] Plant based medicines have a 

long history for the treatment of  microbial infections in 
many traditional medicinal systems. For some of  these 
plant treatments, antimicrobial activity has been proven. 
However, for many plant based antiseptics the evidence is 
anecdotal, or at best, epidemiological. Many traditionally 
used antiseptic agents have yet to be subjected to rigorous 
scientific investigation.

Syzygium is a large genus of evergreen flowering plants 
of the family Myrtaceae which consists of approximately 
500 species.[2] Plants of this genus are widespread, occur-
ring in tropical and subtropical regions of South-East 
Asia, Australia and Africa.[3] Many Syzygium species 
produce edible fruits and berries (eg. Syz ygium jambos, 
commonly known as rose apple). In the commercially 
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most important species Syz ygium aromaticum (clove), the 
unopened flower bud is used as a spice. This plant also 
has uses in traditional medicine due to its anaesthetic 
properties.[4] The antibacterial activity of S. aromaticum 
is also well known. Numerous studies have reported on 
the antibacterial[5] and antifungal[6] activities of oils and 
extracts from this plant. Other Syzygium species from 
South East Asia (Syz ygium jambos)[7] and India (Syz ygium 
lineare and Syz ygium cumini)[8] have also been shown to 
have antimicrobial activity. Much of our knowledge 
about the antimicrobial activities of Australian Syzyg-
ium species is anecdotal, although Australian Aborigi-
nes are known to have used some species as medicinal 
agents.[9]

Recent studies within our laboratory have reported 
antibacterial activity in several Australia Syzygium 
several species.[10–12] In particular, Syz ygium australe 
(Bush Cherry) and Syz ygium leuhmannii (Riberry) extracts 
have been highlighted as having particularly good 
antimicrobial potential.[10,11] However, these previous 
studies have examined leaf extracts only, without 
reporting on the medicinal potential of the fruit. Recent 
studies have also demonstrated the exceptionally high 
antioxidant content of fruits of these plants.[13] Anti-
oxidants have been associated with the prevention of 
cancer, cardiovascular disease and neurological degen-
erative disorders.[14–16] They are also linked with anti-
diabetic bioactivities and have been associated with the 
reduction of obesity. Antioxidants can directly scavenge 
free radicals, protecting cells against oxidative stress 
related damage to proteins, lipids and nucleic acids.[17] 

Therefore, T. lanceolata has potential in the treatment of a 
variety of diseases and disorders and its potential bioac-
tivities warrant further investigation. The current study 
was undertaken to examine the antiseptic potential of 
S. australe and S. leuhmannii fruit extracts of against a 
panel of bacteria and fungi and examine their toxicity to 
determine their suitability for use as antibiotic medici-
nal agents.

MATERIALS AND METHODS

Plant material

Collection of plant samples

S. australe and S. leuhmannii fruit were collected from 
verified trees in the suburbs of  Brisbane, Australia and 
voucher specimens were deposited in the School of  
Biomolecular and Physical sciences, Griffith University, 
Australia. 

Preparation of crude extracts 

Samples were dried in a Sunbeam food dehydrator 
and the dried material was ground to a coarse powder. 
An amount of 1 g of each of the powdered samples 
was extracted extensively in 50 ml of either methanol, 
deionised water, ethyl acetate, chloroform or hexane 
respectively for 24 hours at 4oC with gentle shaking. All 
solvents were obtained from Ajax Australia and were of 
AR grade. The extracts were filtered through filter paper 
(Whatman No. 54) under vacuum followed by drying by 
rotary evaporation in an Eppendorf concentrator 5301. 
The resultant pellet was dissolved in 10 ml of deionised 
water. The extract was passed through 0.22 µm filter 
(Sarstedt) and stored at 4oC.

Qualitative phytochemical studies

Phytochemical analysis of  the Syzygium extracts for the 
presence of  saponins, phenolic compounds, flavonoids, 
polysteroids, triterpenoids, cardiac glycosides, anthraqui-
nones, tannins and alkaloids was conducted by previously 
described assays.[18-20]

Antibacterial screening

Test microorganisms

All media was supplied by Oxoid Ltd. Microbial strains 
were obtained from Tarita Morais, Griffith University. 
Stock cultures of  Aeromonas hydrophilia, Alcaligenes feacalis, 
Bacillus cereus, Bacillus subtilis, Citrobacter freundii, Enterobacter 
aerogenes, Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeuroginosa, Pseudomonas fluorescens, Salmonella salford, Serra-
tia marcescens, Staphylococcus aureus and Yersinia enterocolitia 
were subcultured and maintained in nutrient broth at 4oC. 
Aspergillus niger, Candida albicans, and Saccharomyces cerevisiae 
were maintained in Sabouraud media at 4oC.

Evaluation of antimicrobial activity

Antimicrobial activity of  all plant extracts was determined 
using a modified disc diffusion assay.[21–24] Briefly, 100 µl 
of  the test bacteria were grown in 10 ml of  fresh media 
until they reached a count of  approximately 108 cells/ml. 
100 µl of  microbial suspension was spread onto nutrient 
agar plates. 

The Syzygium fruit extracts components were diluted to 
10 mg/ml with deionised water and tested for antibacte-
rial activity using 5 mm sterilised filter paper discs. Discs 
were impregnated with 10 µl (100 µg) of  the test sam-
ple, allowed to dry and placed onto inoculated plates. 
The plates were allowed to stand at 4oC for 2 hours 
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before incubation with the test microbial agents. Plates 
 inoculated with Alcaligenes feacalis, Aeromonas hydrophilia, 
Bacillus cereus, Citrobacter freundii, Klebsiella pneumoniae, 
Proteus mirabilis, Pseudomonas fluorescens, Serratia marcescens, 
were incubated at 30oC 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 epidermi-
dis and Streptococcus pyogenes were incubated at 37oC 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 triplicate. Mean values (± SEM) are reported in 
this study. Standard discs of  ampicillin (2 µg) and chlor-
amphenicol (10 µg) were obtained from Oxoid Ltd. and 
served as positive controls for antimicrobial activity. Fil-
ter discs impregnated with 10 µl of  distilled water were 
used as a negative control. 

Minimum inhibitory concentration (MIC) 
determination

The minimum inhibitory concentration (MIC) of 
the Syzygium extracts were determined as previously 
described.[25] Briefly, the plant extracts were diluted in 
deionised water and tested across a range of concen-
trations. Discs were impregnated with 10 µl 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 concentration 
were plotted for each extract. Linear regression was used 
to calculate the MIC values. 

Toxicity screening

Reference toxins for toxicity screening

Potassium dichromate (K2Cr2O7) (AR grade, Chem-
Supply, Australia) was prepared as a 1.6 mg/ml solu-
tion in distilled water and was serially diluted in 
artificial seawater for use in the Artemia franciscana 
nauplii  bioassay. 

Artemia franciscana nauplii toxicity screening

Toxicity was tested using a modified Artemia franciscana 
nauplii lethality assay.[26–29] Briefly, 400 µl of  seawater con-
taining approximately 48 (mean 47.8, n = 125, SD 17.4) 
A. franciscana nauplii were added to wells of  a 48 well 
plate and immediately used for bioassay. 400 µl of  diluted 
plant extracts and the reference toxins were transferred 
to the wells and incubated at 25 ± 1oC under artificial 
light (1000 Lux). A negative control (400 µl seawater) was 
run in at least 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 sacrificed and counted to determine 
the total% mortality per well. The LC50 with 95% confi-
dence limits for each treatment was calculated using pro-
bit analysis. 

RESULTS

Liquid extraction yields and qualitative 
phytochemical screening
Extraction of 1 g of dried plant material from each spe-
cies yielded dried plant extracts ranging from 62 mg 
to 442 mg (Table 1). The greatest amount of material 
(442 mg) was extracted from S. leuhmannii water extract. 
In general, the polar methanolic and aqueous solvents 
extracted the highest amounts of material, indicating the 
relatively high levels of polar compounds in the fruits 
of both species. Interestingly, the nonpolar chloro-
form extracts of both species also had high amounts of 
extracted material. The dried extracts were resuspended 
in 10 ml of deionised water, resulting in the extract con-
centrations shown in Table 1. 

Phytochemical studies (Table 1) show that the metha-
nolic and aqueous extracts prepared from fruits of  
both species contained high levels of  water soluble 
phenolic phytochemicals. The ethyl acetate extracts of  
both species also contained moderate to high levels of  
water soluble extracts. Whilst the ethyl acetate extracts 
of  fruits of  both species also had detectable levels of  
water insoluble phenolics, these were detected only at 
low levels. The methanolic, aqueous and the ethyl ace-
tate extracts of  both species also showed low to mod-
erate responses for flavonoids and saponins. Moderate 
levels of  polysteroids and low to moderate levels of  
triterpenoids were also detected in the methanolic and 
aqueous extracts. Neither alkaloids nor anthraquinones 
were detected in any extract tested. Similarly, tannins 
were largely lacking, with only the S. leuhmannii metha-
nol extract displaying any tannins, albeit only with a low 
response in this assay. Also noteworthy is the lack of  
detectable levels of  any of  the phytochemical classes 
tested for in the chloroform extracts of  both species 
despite the large amounts of  extracted material in these 
extracts. Chloroform would be expected to extract large 
amounts of  lipids. The current study did not test for 
lipid levels so it is possible that much of  this extracted 
material may consist of  lipids, hydrocarbons and other 
nonpolar compounds. 
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Table 1: The mass of dried extracted material, the concentration of extracts after resuspension in 
deionised water and qualitative phytochemical screenings of S. australe and S. leuhmannii extractions
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Methanol 254 25.4 +++ ++ – ++ – + ++ – – + – – –

Water 200 20 +++ ++ – – + – ++ – – ++ – – –

Ethyl Acetate 87 8.7 ++ + + – + – – – – ++ – – –

Chloroform 247 24.7 + – + + – – – – – – – – –

Hexane 62 6.2 – – – – + – – – – – – – –

S.
 le

uh
m

an
ni

i Methanol 427 42.7 +++ ++ – – + + ++ – – ++ + – –

Water 442 44.2 +++ ++ – – + ++ ++ – – ++ – – –

Ethyl Acetate 84 8.4 ++ + – – + – – – – + – – –

Chloroform 382 38.2 + – – – – – – – – + – – –

Hexane 83 8.3 – – – – + – – – – – – – –

+++ indicates a large response; ++ indicates a moderate response; + indicates a minor response; – indicates no response in the assay.

the Gram-positive bacteria appeared slightly more 
 susceptible to the extracts of  most of  the Syzygium 
extracts tested (based on the number of  species whose 
growth was inhibited). Of  the 10 Gram-negative bac-
teria tested, the S. australe and S. leuhmannii methanolic 
extracts inhibited 9 bacteria (90%) and 8 (80%) respec-
tively. In contrast, the S. australe and S. leuhmannii metha-
nolic extracts both inhibited 4 of  the 4 Gram-positive 
bacteria tested (100%). 

The relative antibacterial activity strength of  the extracts 
was evaluated by determining the MIC values for each 
extract against the bacteria which were shown to be 
susceptible by disc diffusion assays. MIC’s were evaluated 
in the current studies 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.[30] The antibacterial activity was generally 
strongest against Gram-positive bacteria with the MIC’s 
for several extracts against several bacterial species below 
1 mg/ml (Table 2). The S. leuhmannii ethyl acetate extract 
in particular was a good inhibitor of  the Gram-positive 
bacillus B. cereus (MIC 0.1 mg/ml) and the Gram-negative 
bacteria S. sonnei (MIC 0.7 mg/ml). 

Antibacterial activity
The Syzygium fruit extracts were tested for  antimicrobial 
activity at the extracted concentrations (Table 1) in the 
disc diffusion assay against 14 bacterial and 3 fungal spe-
cies (Figure 1). S. australe extracts were generally more 
effective antimicrobial agents than the S. leuhmannii 
extracts in terms of  the diversity of  the bacteria inhib-
ited and the size of  the zones of  inhibition. In general, 
the polar methanol, water and ethyl acetate extracts had 
greater antimicrobial activity than the nonpolar chloro-
form and hexane extracts. Indeed, of  the 14 bacterial 
species tested, the S. australe and S. leuhmannii methanolic 
extracts inhibited the growth of  13 (93%) and 12 (86%) 
bacterial species respectively. The water, ethyl acetate, 
chloroform and hexane extracts were less effective, with 
the S. australe water, ethyl acetate, chloroform and hex-
ane extracts inhibiting the growth of  7 (50%), 9 (64%), 4 
(29%) and 4 (29%) of  the 14 bacteria tested respectively. 
The S. leuhmannii water, ethyl acetate, chloroform and 
hexane extracts had similar antibacterial profiles, inhib-
iting the growth of  5 (36%), 9 (64%), 4 (29%) and 3 
(21%) of  the 14 bacteria tested respectively.

Both Gram-positive and Gram-negative bacteria were 
affected by the methanolic fruit extracts although 
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Table 2: Minimum inhibitory concentrations (mg/ml) of S. australe and S. leuhmannii fruit extracts against 
susceptible bacterial and fungal species 
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Methanol 2.9 2.7 1.7 2.6 3.8 2.1 0.2 3.3 – 2.6 2.3 0.8 5.4 0.8 –

Water – – – 20 10 10 – 1.3 – – 1.9 – 20 – –

Ethyl 
Acetate 8.7 4.3 –  – 1 – – – 0.5 – – – – 0.8 1.7

Chloroform – – – 24.7 24.7 – – – – – 0.4 – 24.7 – 12.3

Hexane – – – 6.3 3.1 – – – – – 3.1 – 6.2 – –

S.
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Methanol 6.6 3.6 – 2.5 0.1 3.7 2.9 2.2 – 4.9 3.3 1.9 1.2 2.5 –

Water – – – 44.2 44.2 – 4.7 7 – – 5.5 – 44.2 – –

Ethyl 
Acetate 1.1 4.2 – 0.8 4.2 – – – 1.4 0.7 0.1 – 4.2 1.3 4.2

Chloroform – – – 38.2 38.2 – – – – – 2.6 – 38.2 – 7.6

Hexane – – – 6.2 – – – – – – 1 – 8.3 – –
Numbers indicate the mean MIC values of at least triplicate determinations. – indicates no growth inhibition observed.

Figure 1. Antimicrobial activity measured as zones of  inhibition (mm) of  (a) Syzygium australe and (b) S. leuhmannii. Inhibition zones 
are represented as the means of  at least triplicate experiments.
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In contrast with their antibacterial activities, the S.  australe 
and S. leuhmannii fruit extracts were poor inhibitors of  
fungal growth. Neither A. niger nor C. albicans growth 
were inhibited by any of  the extracts tested. Only S. cere-
visae growth was affected and only by the ethyl acetate 
and chloroform extracts of  both species (Figure 1 and  
Table 2).

Qantification of toxitity
The Syzygium fruit extracts were diluted to 4000 µg/
ml in artificial seawater for toxicity testing, resulting in 
a 2000 µg/ml concentration in the Artemia franciscana 
lethality bioassay. For comparison, the reference toxins 
potassium dichromate (800 µg/ml) was also tested 
in the Artemia franciscana lethality bioassay. For the 
reference toxins, the induction of mortality was seen 
within the first 4 hours of exposure. 100% mortality 
was evident following 8 hours of exposure (results 
not shown). In contrast, 12 hours was required for the 
Syzygium fruit extracts to induce the onset of mortality. 
By 24 h exposure, the methanolic, water and ethyl 
acetate extracts of both species had induced 100% brine 
shrimp mortality. The chloroform and hexane extracts 
were less toxic, inducing only low levels of mortality 
similar to that seen for the seawater control at 24 hours. 
The levels of mortality induction had increased by 
48 hours for the S. leuhmanni chloroform and hexane 

extracts, with these levels approaching 100% mortality 
induction by 72 hours of exposure. In contrast, the  
S. australe chloroform and hexane extracts induced only 
relatively low mortality for the entire 72 hours exposure 
period.

To further quantify the effect of toxin concentration on 
the induction of mortality, the extract was serially diluted 
in artificial seawater to test across the concentration range 
2000 µg/ml to 15 µg/ml in the Artemia nauplii bioassay 
at 24, 48 and 72 hours. Table 3 shows the LC50 values 
of the Syzygium fruit extracts towards A. franciscana. 
No LC50 values are reported for the S. australe chloro-
form and hexane fruit extracts at any time, nor for the 
S. leuhmannii hexane fruit extract at 24 h as less than 50% 
mortality was seen for all concentrations tested at these 
time points. Furthermore, the S. leuhmannii chloroform 
and hexane fruit extracts displayed low toxicity (generally 
> 1000 µg/ml) at all times tested and are therefore con-
sidered to be nontoxic. All other extracts tested displayed 
significant toxicity. 

DISCUSSION

The current study reports on the antimicrobial activ-
ity and toxicity of  fruit extracts of  S. australe and  
S.  leuhmannii. The ability of  the leaf  extracts to inhibit 

Figure 2. Brine shrimp lethality of S. australe and S. leuhmannii fruit extracts (tested at 2000 µg/ml), and the potassium dichro-
mate (800 µg/ml) and seawater controls. SAM = S. australe methanolic extract; SAW = S. australe water extract; SAE = S. australe 
ethyl acetate extract; SAC = S. australe chloroform extract; SAH = S. australe hexane extract; SLM = S. leuhmannii methanolic ex-
tract; SLW = S. leuhmannii water extract; SLE = S. leuhmannii ethyl acetate extract; SLC = S. leuhmannii chloroform extract; SLH = 
S. leuhmannii hexane extract. All bioassays were performed in at least triplicate and are expressed as mean ± SEM.
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the growth of  both Gram-positive and Gram-negative 
 bacteria is in agreement with previous reports of  the 
antibacterial activity of  other Syzygium spp.[10, 31–33] The 
greater susceptibility of  Gram-positive bacteria seen in 
this study agrees with the previously reported specifici-
ties of  South American,[34] African[35] and Australian[36] 
plant extracts. Results within this laboratory have also 
confirmed the greater susceptibility of  Gram-positive 
bacteria towards other Australian plant extracts.[10,37] The 
Gram-negative bacterial cell wall outer membrane is 
thought to act as a barrier to many substances including 
antibiotics.[38] The uptake of  the Syzygium extract antibi-
otic agents by Gram-negative bacteria may be affected by 
the cell wall outer membrane of  some bacteria. Individual 
Syzygium leaf  components responsible for the antisceptic 
potential of  the Syzygium leaf  extracts were not identi-
fied in the current study. Further phytochemical studies 
are needed to purify and identify the antibacterial compo-
nents from these extracts.

The findings reported here also indicate that the major-
ity of the Syzygium extracts examined in this study dis-
played significant toxicity (<1000 µg/ml) in the Artemia 
nauplii bioassay. This toxicity would impact on the use-
fulness of these extracts as a medicinal antiseptic agent. 
Similar extracts prepared from fruits of these species 
have previously been reported to have high ascorbic acid 
levels.[13] Whilst these ascorbic acid levels may have ben-
eficial therapeutic effects, they may also be responsible 
(at least in part) for the toxicity reported here. Whilst  

A. franciscana have generally been reported to be a robust 
and hardy organism for toxicity screening, they are sus-
ceptible to pH changes.[40] The levels of ascorbic acid pre-
viously reported in S. australe and S. leuhmannii extracts[13] 
would be expected to have a significant impact on the 
pH of the seawater in the tests and this change may be 
responsible for the mortality induction reported in our 
study. Indeed, studies in our laboratory have shown that 
testing pure ascorbic acid in the concentrations previ-
ously reported to be in these extracts results in mortal-
ity similar to that reported in our study (unpublished  
results). 

Whilst toxicity was assessed in this study with the test 
organism A. franciscana, toxicity towards A. franciscana 
has previously been shown to correlate well with toxicity 
towards human cells for many toxins.[39] However, further 
studies are required to determine whether this is also true 
for the Syzygium extracts examined in these studies. Toxic 
antibacterial extracts may still be useful as non-medicinal 
antibacterial agents (eg. surface disinfectants and topical 
antiseptics). Likewise, toxic plant extracts may also still 
have medicinal potential even if  they are not antimicro-
bial. Previous studies have demonstrated that toxicity in 
the A. franciscana bioassay may indicate anti-cancer poten-
tial.[39] The toxic Syzygium fruit extracts should therefore 
also be tested against human cancer cell lines to deter-
mine their potential as anticancer drugs. 

In conclusion, the results of  this study indicate that the 
Syzygium leaf  extracts examined in this report are wor-
thy of  further study due to their antibacterial activity. 
Conversely, the toxicity detected for these extracts indi-
cates that further toxicity studies are required to evaluate 
the safety of  these extracts for medicinal usage. Further 
evaluation of  the antibacterial properties of  these extracts 
against a more extensive panel of  microbial agents is 
also 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 
agents, caution is needed before these compounds can 
be applied to medicinal purposes. 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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Table 3: LC50 (95% confidence interval) for brine 
shrimp nauplii exposed to Syzygium fruit extracts or 
the reference toxins potassium dichromate

Plant 
Species

LC50 (µg/ml) at time (h)

Extract 24 h 48 h 72 h

S.
 a

us
tr

al
e

Methanol 294 257 246

Water 244 231 231

Ethyl Acetate 514 416 339

Chloroform – – –

Hexane – – –

S.
 le

uh
m

an
ni

i

Methanol 414 314 252

Water 478 472 472

Ethyl Acetate 181 143 120

Chloroform 4149 1857 990

Hexane – 2632 1487

Potassium Dichromate 233 38 18

– denotes values that were not obtained as ≥ 50% mortality was not obtained at this 
 time point.
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