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Research Article

The potential of tasmannia lanceolata as a natural
preservative and medicinal agent: antimicrobial activity
and toxicity

V.
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¢Environmental Futures Centre, Nathan Campus, Griffith University, 170 Kessels Rd, Nathan, Queensland 4111, Australia

ABSTRACT: Introduction: Tasmannia lanceolata is an endemic Australian plant with a history of use by indigenous
Australians as a food and as a medicinal agent. Methods: 7. /anceolata solvent extracts were investigated by disc
diffusion assay against a panel of bacteria and fungi and their MIC values were determined to quantify and compare
their efficacies. Toxicity was determined using the Artemia franciscana nauplii bioassay. Results: All 7. /anceolata
extracts displayed antibacterial activity in the disc diffusion assay. The berry methanolic extract had the broadest
antibacterial range, inhibiting the growth of all 18 of the bacteria tested (100%). The berry water and ethyl acetate,
extracts were also good antibacterial agents inhibited the growth of 17 (94.4%) and 15 (83.3%) of the 18 bacteria
tested respectively. Strong inhibitory activity was detected with MIC values as low as 4.8 ug/ml against some
bacteria, although many of the measured MIC’s were several orders of magnitude higher than this. All extracts were
equally effective at inhibiting the growth of both Gram-negative bacteria and Gram-positive bacteria. In contrast,
only the 7. /anceolata peppercorn extracts were effective as antifungal agents (albeit with limited antifungal ranges),
inhibiting the growth of 2 of the 4 fungal species tested each (50%). All 7. /anceolata extracts were non-toxic in the
Artemia fransiscana bioassay with LC,  values greatly in excess of 1000 ug/ml. Conclusions: The lack of toxicity of
the 7. /lanceolata extracts and their potent broad spectrum inhibitory bioactivity against bacteria and fungi indicates
their potential as natural food preservatives and as medicinal agents in the treatment and prevention of microbial
diseases.
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INTRODUCTION

Food loss through spoilage is a major global problem.
Spoilage can render food unpalatable and/or increase the
risks of diseases and food poisoning and can be caused
by a variety of physiochemical causes and biological
agents. Of the non-microbial causes of food spoilage,
oxidation resulting in rancidity is a major issue. Lipid
rancidity is a common non-microbial change which
may occur during the processing, distribution, storage
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and preparation of foods.I" High fat content foods are
subject to rancidity via two different processes. Hydro-
lytic rancidity is caused by the hydrolysis of triglycerides
to release free fatty acids (such as short chain butyric
acid) which gives foods such as rancid butter their char-
acteristic odour. Oxidative rancidity occurs when the
polyunsaturated and monounsaturated components of
foods react with oxygen to form peroxides, which subse-
quently decompose to form ketones, aldehydes and other
volatile compounds.”! Foods with high levels of pro-
oxidants (e.g. transition metals, heme containing proteins
etc) and/or polyunsaturated fatty acids are particulatly
susceptible to oxidative rancidity.”) Oxidative rancid-
ity can be slowed by the use of synthetic antioxidants
in combination with citric or phosphoric acid; these
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combinations have proved substantially more effective
than single antioxidants in slowing food oxidation.”
More recently, the potential of high antioxidant natural
food has been recognised for retarding oxidative food
rancidity.” There is potential for high antioxidant herbs
to be incorporated into fresh and processed foods to
retard rancidity and improve shelf life and safety.

Of more serious concern to the food production industry
is microbial induced food spoilage and food poisoning,
Incidences of food-borne illnesses were estimated at 76
million cases annually in the USA alone in a 1999 study,
with at least 5000 deaths annually directly attributed to
food poisoning.! This is an important area of concern
and there is much effort to develop improved preservation
strategies. Methods aimed at inhibiting microbial growth
must effectively control initial populations, regrowth of
post-processing microbial survivors and contaminant
induced populations. This may be achieved by and num-
ber of methodologies including alteration of temperature
(heating, chilling), pH, water activity (fermentation or
dehydration) or oxygen availability (canning, shrink wrap,
reduced oxygen packaging, high pressures), irradiation or
by chemical preservation.?

Currently, the major method of controlling food-borne
microbes and thereby reducing spoilage and food toxin
production is by the addition of chemical preservatives
during the food production process. Commonly used
chemical food preservatives for the inhibition of food
microflora growth include butylhydroxyanisol (BHA),
butylated hydroxytoluene (BHT), calcium propionate,
nitrates, nitrites, sulphur dioxide (SO,) and sulfites (SO,)."!
The effectiveness of these chemical preservatives is depen-
dent on the type of microbial flora and the physical and
chemical characteristics of the food.” 9 Of concern, the
safety of many of the chemical preservatives used in food
has yet to be determined and in some cases these preserva-
tives have been linked with serious health problems. Stud-
ies have indicated that chemical preservatives may cause
respiratory problems, aggravate attention deficit hyperac-
tivity disorder (ADHD)® and cause anaphylactic shock in
susceptible individuals.”

Due to greater consumer awareness and the negative per-
ceptions of artificial preservatives, consumers are increas-
ingly avoiding foods containing preservatives of chemical
origin. Natural antimicrobial alternatives are increasingly
being sought to increase the shelf life and safety of
processed foods.” Plant extracts and oils are candidates
for antimicrobial agents that would be more acceptable
to consumers due to their natural origin and consumer
perception of safety. In addition, many plants have well

established antimicrobial activity and several plant species
have already been identified for their potential as natural
preservatives.!’

Tasmannia lanceolata (commonly known as Tasmanian
pepper or mountain pepper) is shrub which is endemic
to the woodlands and cool temperate rainforests of Tas-
mania and the south-eastern region of the Australian
mainland.™ It is a medium to large shrub that varies
between 2—5 m in height. Individual plants are unisex-
ual, having either male or female flowers. The stems,
branches and twigs are red in colour. The aromatic leaves
are lanceolate to narrowly elliptical in shape (4—12 cm
long, 0.7-2 cm wide) with a distinctly pale under surface.
Small creamy-white unisexual flowers appear during the
summer months. These develop into small fleshy black 2
lobed berries (5—8 mm wide) during autumn.

The berries, leaves and bark of this species have histori-
cal uses as a food and as a medicinal plant.' When the
berry is air dried it forms a small, hard peppercorn which
is suitable for milling or crushing. The berry has a pleas-
ant spicy flavour and sharp aroma. T, Janceolata was used
as flavouring agent by Australian Aborigines and more
recently by European settlers. Historically, the leaves have
been used as a herb and the berries have been used as
a spice. Australian Aborigines also used 1. lanceolata as
a therapeutic agent to treat stomach disorders and as an
emetic, as well as general usage as a tonic.'" Reports also
exist of the use of I. Janceolata by Australian Aborigines
for the treatment and cure of skin disorders, venereal dis-
eases, colic, stomach ache and as a quinine substitute."
Later, European colonists also recognized the therapeutic
potential of T. /anceolata and the bark was used as a com-
mon substitute for other herbal remedies (including those
derived from the related South American Winteraceae
species, Drimys wintera (winter bark))!'"]
to its high antioxidant activity.!'*'®

to treat scurvy due

Despite its ethnobotanical usage, until recently there have
been limited rigorous scientific studies into the therapeu-
tic properties of T. Janceolata. Recent studies have dem-
onstrated the high antioxidant content of T. Janceolata
berries." As antioxidants have uses in retarding food
rancidity and in inhibiting the growth of food-borne
bacteria, 1. Janceolata may have potential in blocking food
spoilage and inhibiting food poisoning, Epidemiological
studies have shown that a diet rich in antioxidants is asso-
ciated with a decreased incidence of chronic diseases."!
High antioxidant levels have also been shown to act as a
preventative against the development of degenerative dis-
eases such as cancer,? cardiovascular diseases,?!! neural
degeneration,” diabetes and obesity.’ Despite this, the
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antimicrobial properties related to food spoilage and food
poisoning have not been extensively studied for T. /anceo-
lata The current study was undertaken to test 1. lanceo-
lata leaf, berry and peppercorn extracts for the ability to
inhibit microbial growth/contamination against a variety
of bacteria involved in food spoilage and/or food poi-
soning. Through examining the antibacterial capability of
the I Janceolata extracts, we aim to assess their potential
as additives to foods to retard spoilage and to potentially
reduce food poisoning in processed foods.

MATERIALS AND METHODS

Plant collection and extraction

T. lanceolata semi-dry berry (without seed) and dried leaf
material was purchased from GoWild Harvest, Austra-
lia. Peppercorns (dried berry and seed) were obtained
from Diem Pepper, Australia. The material was stored
at —30°C until use. The plant materials were thawed and
freshly ground to a coarse powder prior to extraction.
Individual 1 g quantities of the ground plant materials
were prepared by weighing each plant part into each
of three tubes and adding 50 ml of methanol, water or
ethyl acetate respectively. All solvents were obtained
from Ajax and were AR grade. The berry, leaf and whole
peppercorn material was extracted in each solvent for
24 hours at 4°C with gentle shaking. 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 dry extract
was weighed and redissolved in 10 ml deionised water.

Qualitative phytochemical studies

Phytochemical analysis of the T. /anceolata extracts for the
presence of saponins, phenolic compounds, flavonoids,
polysteroids, triterpenoids, cardiac glycosides, anthraqui-
nones, tannins and alkaloids was conducted by previously
described assays.*+2

Antibacterial screening

Test microorganisms

All media was supplied by Oxoid Ltd. Microbial strains
were obtained from Tarita Morais, Griffith University.
Stock cultures of Acinetobacter baylyi, Aeromonas hydrophila,
Alealigenes feacalis, Bacillus cereus, Citrobacter freundii, Entero-
bacter aerogenes, Enterococcus faecalis, Escherichia coli, Klebsiella
pneumoniae, Protens mirabilis, Pseudomonas aeuroginosa, Psen-
domonas fluorescens, Salmonella newport, Serratia marcescens,
Shigella sonnei, Staphylococcus anrens, Staphylococens epidermidis
and Streptococcus pyogenes were subcultured and maintained
in nutrient broth at 4°C. Aspergillus niger, Candida albicans,
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Penicillinm  chrysogenum and  Saccharomyces cerevisiae were
maintained in Sabouraud media at 4°C.

Evaluation of antimicrobial activity

Antimicrobial activity of all plant extracts was determined
using a modified disc diffusion assay.”~" Briefly, 100 ul
of the test bacteria were grown in 10 ml of fresh nutri-
ent broth media until they reached a count of approxi-
mately 10° cells/ml. An amount of 100 ul of bacterial
suspension was spread onto nutrient agar plates. For fun-
gal species, 100 pl of the test species was grown in 10 ml
of fresh Sabouraud media until they reached a count of
approximately 10° cells/ml. A volume of 100 ul of bacte-
rial suspension was spread onto Sabouraud agar plates.

The extracts were tested for antibacterial activity using
5 mm sterilised filter paper discs. Discs were impregnated
with 10 pl (100 pg) of the 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 the bacterial spe-
cies Alcaligenes feacalis, Aeromonas hydrophilia, Bacillus cereus,
Citrobacter freundii, Klebsiella pneumoniae, Proteus mirabilis,
Pseudomonas aenroginosa, Psendomonas fluorescens and Serratia
marcescens and the fungal species Candida albicans, Penicil-
lium crygogenum and Saccharomyces cerevisiae were incubated
at 30°C for 24 hours, then the diameters of the inhibition
zones were measured in millimetres. Plates inoculated
with Acinetobacter baylyi, Enterobacter aerogenes, Enterococ-
cus faecalis, Escherichia coli, Salmonella newport, Shigella sonnet,
Staphylococens aureus, Staphylococens epidermidis and Streptococ-
cus pyogenes were incubated at 37°C for 24 hours, then the
diameters of the inhibition zones were measured. Plates
inoculated with Aspergillus niger were incubated at 25°C for
48 hours, then the diameters of the inhibition zones wete
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 pg) were obtained
from Oxoid Ltd. and served as positive controls for anti-
microbial activity. Filter discs impregnated with 10 ul of
distilled water were used as a negative control.

Minimum inbibitory concentration (MIC)
determination

The minimum inhibitory concentration (MIC) of the
extracts were determined as previously described.'!
Briefly, the plant extracts were diluted in deionised water
and tested across a range of concentrations. Discs were
impregnated with 10 pl of the test dilutions, allowed to
dry and placed onto inoculated plates. The assay was
performed as outlined above and graphs of the zone
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of inhibition versus concentration were plotted for each
extract. Linear regression was used to calculate the MIC
values.

Toxicity screening

Reference toxin for toxicity screening

Potassium dichromate (IK,Cr,0.) (AR grade, Chem-Sup-
ply, Australia) was prepared as a 1.6 mg/ml solution 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.**" Briefly, 400 pl 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 ul of diluted plant
extracts and the reference toxins were transferred to the
wells and incubated at 25  1°C under artificial light (1000
Lux). A negative control (400 pl seawater) was run in trip-
licate for each plate. All treatments were performed in at
least triplicate. The wells were checked at regular inter-
vals 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 LC, | with 95% confidence limits for each
treatment was calculated using probit analysis.

Statistical analysis

Data are expressed as the mean = SEM of at least three
independent experiments.

RESULTS

Liquid extraction yields and qualitative
phytochemical screening

Extraction of 1 gof dried T. lancelotata berry, leaf and pep-
percorn with various solvents yielded dried plant extracts
ranging from 17 mg to 477 mg (Table 1). The highest
amount of extracted material was obtained from the pep-
percorn (295 mg and 477 mg for the methanol and water
peppercorn extracts respectively). The berry and leaf
extractions generally gave lower yields. Deionised water
and methanol generally gave relatively high yields of dried
extracted material whilst ethyl acetate extracted the low-
est mass for all plant parts tested. The dried extracts were
resuspended in 10 ml of deionised water resulting in the
extract concentrations shown in Table 1.

Table 1: The mass of dried extracted material, the concentration of extracts after resuspension in deionised water
and qualitative phytochemical screenings of T. lancelotata berry, leaf and peppercorn extractions

- - = = 7]
8 8 § » g ") (]
s s 2 [} S = c
x x £ o J e ) ”
w w = ® o ® ¢ 5 £ o
° o S 2 K o o F © ] e
] o .2 o 5 ) g ) s =2 ] o
= 2w c ) ° = b S £ =2 %) g S £
a 3= @ ) ® o ) e o 0 ® = £ 95
- ‘S o c = (77} £ [} £ o @ S k=) <) » cC c T
3] R o = . 8 c 2 - o o < £ € 58
S 5 2S5 W g g 3 S 8§ 2 ® ®e S £ o ES
% s2 885 3 k] 5 5 g £ § = 2% s £ ¢ 5%
w =£ x o - = = (3 n [ o < <& E L O<
Methanol 171 171 +++ +++ +++ — ++ + — - — +++ — - -
e
3 Water 111 11.1 et +++ - - - - — - +H+ - = _
Ethyl Acetate 56.7 5.7 + + ++ - + ++ - - - ++ - - -
Methanol 144 14.4 +++ +++ +++ — +++ + — - — +++ — _ _
“—
(1)
8 Water 134 13.4 FHE 4+ — 4+ — — - - i+ - - _
Ethyl Acetate 17 1.7 + + ++ - - + - - - ++ - - -
g Methanol 295 29.5 +++ ++ + - + + - - - + - _ -
[S]
@
S Water 477 477 +++ ++ + - ++ - - - - + — - -
&
Ethyl Acetate 94 9.4 ++ + + - - ++ - - - + - - -

+++ indicates a large response; ++ indicates a moderate response; + indicates a minor response; - indicates no response in the assay.
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Qualitative phytochemical studies (Table 1) showed that
methanol and water extracted the widest range of phy-
tochemicals. Both showed high levels of phenolics (both
water soluble and insoluble phenolics) and flavonoids,
as well as low to moderate levels of saponins. The ethyl
acetate extracts had low to moderate levels of phenolics,
triterpenes and flavonoids. Low levels of saponins were
also reported for the berry ethyl acetate extract. Neither
tannins nor alkaloids were detected in any of the extracts
tested.

Antimicrobial activity

To determine the antimicrobial activity of the crude plant
extracts, aliquots (10 ul) of each extract were tested in the
disc diffusion assay against a panel of bacteria and fungi
associated with food spoilage and food poisoning. Gram
negative bacterial growth was inhibited by a broad range
of the tested plant extracts (Figure 1). E. faecalis and K.
prenmoniae were the most susceptible to growth inhibition,
each being inhibited by all of the extracts tested (100%).
P. mirabilis, P. aeruginosa and S. marcescens were also highly
susceptible, each being inhibited by 8 of the 9 extracts

tested (88.9%). A. bayli growth was inhibited by 7 extracts
(77.8%), whilst A. hydrophila, E. aerogenes and E. coli were
inhibited by 6 extracts each (66.7%). C. freundii, S. sonnei,
S. newport and P. fluorescens were inhibited by 5 (55.6%),
5 (55.6%), 4 (44.4%) and 3 (33.3%) extracts respectively.
The berry methanolic extract displayed the broadest anti-
biotic specificity, inhibiting the growth all of the Gram-
negative bacteria tested, although the measured zones of
inhibition against most were not high (below 9 mm). The
most potent growth inhibition was seen for the pepper-
corn methanol, water and ethyl acetate extracts against
E. cli, and by the leaf methanolic and water extracts
against P. mirabilis, each with 2 12 mm inhibition zones.
Indeed, the leaf methanol and water extracts were signifi-
cantly more effective than the positive control ampicillin

in inhibiting P. mirabilis growth.

Gram-positive bacterial growth was also inhibited by a
broad range of plant extracts. S. aurens and S. epidermidis
were the most susceptible of the Gram-positive bactetia,
being inhibited by 8 of the 9 extracts tested each (88.9%).
In contrast, B. cereus and S. pyogenes growth was inhibited

15 15
E }
E 13 13 =BM
= IH = BW
En *BE
= i 1 =LM
< 1 LW
= 9 I I 9 " LE
: _ PM
S L ’ hl e
n Am
5 5 I P
A. bayli A. faecalis A. hydrophilia C. freundi E. aerogenes E. coli E. faecalis K. pneumoniae
15 15
= =BM
g 13 I 13 =BW
£ =BE
En 11 = LM
= LW
= i s LE
= 9 I 9 { PM
2 - - PW
= PE
7 7 i
NO e 3 IIII I i I N Amp
5 5

P. mirabilis P. aeruginosa P. fluoroscens S. newport S. marcenscens S. sonnei

Bacterial Species

Bacterial Species

Figure 1. Antibacterial activity of T. lanceolata berry, leaf and peppercorn extracts measured as zones of inhibition (mm) against

Gram-negative bacteria. BM = T. /anceolata berry methanolic extract; BW = T. /anceolata berry water extract; BE = T. lanceolata berry

ethyl acetate extract leaf; LM = T. Janceolata leaf methanolic extract; LW = T. /anceolata leat water extract; LE = T. /anceolata leaf ethyl

acetate extract leaf; PM = T. lanceolata peppercorn methanolic extract; PW = T. lanceolata peppercorn water extract; LE = T. lanceolata

peppercorn ethyl acetate extract leaf. Amp = ampicillin (2 pg) control. Results are expressed as mean = SEM.
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by 5 (55.6%) and 4 (44.4%) of the extracts respectively.
The berry was the most versatile plant part as deter-
mined by the number of susceptible bacteria. Indeed, the
berry extracts inhibited all of the Gram-positive bacte-
rial species tested. The leaf methanolic and water extracts
were also effective growth inhibitors, inhibiting all of
the Gram-positive bacteria. In contrast, the leaf ethyl
acetate extract did not inhibit the growth of any Gram-
positive bacteria. Screening of the antibacterial efficacy
of peppercorn extracts provided mixed results, with all
peppercorn extracts inhibiting S. aurens and S. epidermi-
dis. However, none of the peppercorn extracts inhibited
either the growth of B. cereus or S. pyogenes.

15

13

11

Zone of Inhibition (mm)

|
']

Fungal growth was less susceptible to the T. /lanceolata
extracts than was bacterial growth (as determined by zones
of inhibition). 4. niger was particularly resistant, not being
inhibited by any of the extracts tested. This species was a
particularly resistant strain, also growing in the presence of
the control antibiotic (ampicillin). P. chrysogenum was also
resistant to the 1. lanceolata extracts, although its growth
was inhibited by the ampicillin control. In contrast, C. a/bi-
cans and 8. cerevisiae were each inhibited by 3 (33.3%) of the
9 plant extracts. Only the peppercorn extracts were effec-
tive inhibitors against these fungi. The peppercorn metha-
nolic extract being particulatly effective against 5. cerevisiae
with a zone of inhibition of approximately 13 mm.

sBM
“BW
“BE
= LM
LW

s LE
I PM
I PW
I PE
B Amp

B. cereus

S. aureus S. epidermidis S. pyogenes

Bacterial Species

Figure 2. Antibacterial activity of T. lanceolata berry, leaf and peppercorn extracts measured as zones of inhibition (mm) against
Gram-positive bacteria. BM = T. Janceolata berry methanolic extract; BW = T. lanceolata berry water extract; BE = T. Janceolata berry
ethyl acetate extract leaf; LM = T. Janceolata leaf methanolic extract; LW = T. lanceolata leat water extract; LE = T. /anceolata leaf ethyl
acetate extract leaf; PM = T. Janceolata peppercorn methanolic extract; PW = T. Janceolata peppercorn water extract; PE = T. lanceolata
peppercorn ethyl acetate extract leaf. Amp = ampicillin (2 ng) control. Results are expressed as mean = SEM.
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=BE
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h £
A. Niger

C. albicans P. crygogenum S. cerevisiae

Fungal Species

Figure 3. Inhibitory activity of T. lanceolata berry, leaf and peppercorn extracts measured as zones of inhibition (mm) against fun-

gal species. BM = T. lanceolata berry methanolic extract; BW = T. lanceolata berry water extract; BE = T. /anceolata berry ethyl acetate
extract leaf; LM = T. /anceolata leaf methanolic extract; LW = T. lanceolata leaf water extract; LE = T. lanceolata leaf ethyl acetate
extract leaf; PM = T. lanceolata peppercorn methanolic extract; PW = T. Janceolata peppercorn water extract; PE = T. lanceolata pep-
percorn ethyl acetate extract leaf. Amp = ampicillin (2 pg) control. Results are expressed as mean £ SEM.
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The antimicrobial efficacy was further quantified by
determining the MIC values for each extract against the
microbial species which were determined to be suscepti-
ble (Table 2). Most of the extracts were effective at inhib-
iting microbial growth at low concentrations with MIC
values against the susceptible bacterial and fungal species
generally less than 1000 pg/ml (< 10 pg impregnated
in the disc), indicating the potential of these extracts in
controlling food spoilage and inhibiting food poison-
ing. The MIC values determined against P. mzrabilis were
particularly interesting, with values as low as 4.8 pg/ml
(0.5 pg impregnated into the disc) for the berry ethyl ace-
tate extract. Similarly low P. wirabilis MIC values were also
seen for several other extracts. Interestingly, whilst the
inhibition zone studies indicated low antifungal efficacy,

low MIC values (approximately 200-300 pg/ml) were
determined for the susceptible fungi to the peppercorn
extracts, indicating their potent inhibitory activity.

Quantification of toxicity

1. lanceolata berry, leaf and peppercorn extracts were ini-
tially screened undiluted as an approximation of the con-
centration that would be added to food as a preservative.
For comparison, the reference toxins potassium dichro-
mate (1000 pug/ml) was also tested in the bioassay. Figure
4 shows the% mortality induced by each extract and by
the control toxin following 24 hours exposure. The potas-
sium dichromate reference toxin was rapid in its onset
of mortality, inducing mortality within the first 3 hours
of exposure and 100% mortality was evident following

Table 2: Minimum inhibitory concentrations (pug/ml) of T. lanceolata extracts against susceptible bacteria

Berry Leaf Peppercorn

BM BW BE LM LW LE PM PW PE
Gram negative rods
A. baylyi 406 500 812 185 561 - 558 736 -
A. faecalis 932 - - - - - - - -
A. hydrophila 692 575 575 - - - 291 705 264
C. freundii 783 587 1372 525 1521 - - - -
E. aerogenes 501 575 783 - - - 724 986 -
E. coli 500 557 484 - - - 1347 310 75.7
E. faecalis 525 575 626 485 570 68 387 734 1547
K.pneumoniae 32.9 198 118 785 11.9 780 924 858 44 .4
P. mirabilis 15 126 4.8 643 55.6 265 89.9 414 114
P. aeruginosa 658 308 - 648 513 561 887 415 1124
P. fluorescens 457 876 500 - - - 738 1287 905
S. newport 722 7675 - 7200 4187 - - - -
S. marcescens 387 1638 743 425 566 - 61 869 263
S. sonnei 587 308 575 561 487 - - - -
Gram positive rods
B. cereus 102 500 93 955 669 - 351 855 320
Gram positive cocci
S. aureus 898 871 77 847 333 - 543 823 262
S. epidermidis 874 1103 919 946 734 - 351 933 487
S. pyogenes 423 1087 847 355 - - - - -
Fungi
C. albicans - - - - - - 201 236 213
S. cerevisiae - - - - - - 316 239 180

Numbers indicate the mean MIC values of at least triplicate determinations. — indicates no growth inhibition. BM = T. lanceolata berry methanolic extract; BW = T. lanceolata
berry water extract; BE = T. lanceolata berry ethyl acetate extract leaf; LM = T. lanceolata leaf methanolic extract; LW = T. lanceolata leaf water extract; LE = T. lanceolata leaf ethyl
acetate extract leaf; PM = T. lanceolata peppercorn methanolic extract; PW = T. lanceolata peppercorn water extract; PE = T. lanceolata peppercorn ethyl acetate extract leaf.
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Figure 4. The lethality of T. lanceolata extracts and potassium dichromate control (1000 pg/mL) towards Artemia nauplii follow-
ing 24 hours exposure. BM = T. Janceolata berry methanolic extract; BW = T. /anceolata berry water extract; BE = T. Janceolata berry
ethyl acetate extract leaf; LM = T. lanceolata leaf methanolic extract; LW = T. lanceolata leaf water extract; LE = T. Janceolata leaf ethyl
acetate extract leaf; PCM = T. Janceolata peppercorn methanolic extract; PCW = T. Janceolata peppercorn water extract; PCE = T.

lanceolata peppercorn ethyl acetate extract leaf. Amp = ampicillin (2 pug) control. All tests were performed in at least triplicate and the

results are expressed as mean + SEM.

4-5hours (unpublished results). Similarly, all of T. Janceolata
extracts displayed mortality rates significantly elevated
above those of the artificial seawater negative control at
24 h. However, it is noteworthy that all of these extracts
were tested at high concentrations (Table 1).

To further quantify the effect of toxin concentration
on the induction of mortality, the extracts were serially
diluted in artificial seawater to testacross a range of con-
centrations in the Artemia nauplii bioassay at 6, 24 and
48 hours. Table 3 shows the I.C, values of the T. /an-
ceolata extracts towards A. franciscana. No LC_ values are
reported for the berry and leaf ethyl acetate extracts at
6 h as less than 50% mortality was seen for all concen-
trations tested at these time points. All extracts displayed
low toxicity (generally much greater than 1000 pg/ml)
at all times tested. Extracts with an L.C, of greater than
1000 pg/ml towards Artemia nauplii have been defined as
being nontoxic.”® Therefore all T. lanceolata extracts are
considered to be nontoxic.

DISCUSSION

There is increasing consumer demand to find alternatives
for chemical based artificial preservatives as consumers

become more aware of the potential for chemical induced
health problems. Edible plants could potentially provide
a source of inhibitory substances for food-borne patho-
gens and bacteria associated with food spoilage. This
study reports on the antimicrobial activities of 1. lanceolata
berry, leaf and peppercorn extracts, and on their toxicity.
The Gram-positive and Gram-negative bacteria tested in
this study demonstrated similar susceptibilities towards
the T. Janceolata extracts. Previous studies with other
plant species generally report a greater susceptibility of
Gram-positive bacteria towards solvent extracts for South
American,P”! African” and Australian plant extracts,*" **
although examples of plants having a greater effect on
Gram-negative bacteria have also been reported. >

The bacteria examined in this study were chosen because
they are all important in food spoilage and/or food poison-
ing/intoxication. Staphylococcus spp. (especially S. azureus)
is one of the most common soutces of food borne diseases
wotldwide.P! B. cerens and B. subtilis}* E. coli)}* C. freundii®
and K. prenmoniad®™ all produce toxins and other proteins
that induce gastroenteritis and diarrheal diseases. Many of
these toxins are heat stable and are not destroyed by heat
treatments/ pasteutisation. Therefore, control of these bac-
teria in food is particulatly important. Similatly, P. mirabilis
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Table 3: LC,, (95% confidence interval) for Artemia
franciscana nauplii exposed to the T. lanceolata
extracts which displayed toxicity

LC,, (ng/ml)

Extract 6 h 24 h 48 h
Berry methanol extract 9510 3573 2479
Berry water extract 2868 2376 1755
Berry EA extract - 3132 3089
Leaf methanol extract 5134 3096 2322
Leaf water extract 3224 2665 2602
Leaf EA extract - 2766 2525
Peppercorn methanol

extract 7884 4159 3880
Peppercorn water extract 3923 3029 2846
Peppercorn EA extract — 3098 2988

- Indicates that an LC_ was not obtained as the mortality did not reach 50% for any
concentration tested. EA = ethyl acetate.

releases factors that stimulate histamine production resulting
in gastrointestinal, neurological (palpitations, headaches,
itching), cutaneous (hives, rash) and hypertension symp-
toms."! Whilst storage of food at refrigerated temperatures
inhibits the growth of many of these pathogenic bacteria,
the inclusion of antibacterial food components would fur-
ther enhance food safety.

Of the pathogenic/toxic bacteria tested in this study,
Staphylococcus species are generally considered to be the
most common source of food poisoning wotldwide."!
S. aurens and S. epidermidis were inhibited by 8 (88.9%) of
the 9 plant extracts tested. Most of the extracts capable of
inhibiting Staphylococcus growth displayed potent activ-
ity with MIC values generally < 1000 wg/ml. T. lanceolata
berry ethyl acetate extract was of special interest with an
MIC against S. aureus of 77 pg/ml, although several other
plant extracts are also of interest with low MIC values
(<500 pg/ml). All other pathogenic bacteria were inhib-
ited by at least 1 of the extracts. Of the bacteria associated
with food poisoning, A. faecalis, K. pnenmoniae and P. mira-
bilis were particularly susceptible, each being inhibited by
all of the T. /anceolata extracts, even at concentrations as
low as 4.8 ug/ml. The potent anti-Proteus activity has
further therapeutic implications as Proteus mirabilis has
been shown to be a trigger of rheumatoid arthritis (RA)
and several plant species have already been highlighted as
inhibitors of RA via Protens mirabilis inhibition .

Also particularly interesting was the ability of the extracts
to inhibit the growth of psychrotrophic bacteria. Many
foods are stored below 5°C in refrigerators to retard
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bacterial growth. These foods are expected to have long
shelf lives, in some cases up to 50 days or more. Between
processing and consumption, foods may become tem-
perature abused to 10°C or higher, allowing psychrotro-
phic bacteria (e.g. A. faecalis, A. hydrophilia, B. cerens and
P. fluorescens) to cause spoilage. Some pathogenic bacteria
are also psychrotrophic (e.g. B. cereus and some strains of
C. freundii, E. coli and K. pneumoniae).>~) Therefore, food
based antibacterial agents with inhibitory activity against
psychrotrophic bacteria are especially useful. The major-
ity of psychrotrophic bacteria tested (with the exception
of A. faecalis) were inhibited by at least 5 (55.6%) of the
T. lanceolata extracts. The I. lanceolata berry extracts were
the strongest and most versatile inhibitors of the psy-
chrotrophic bacteria associated with spoilage based on
the number of MIC’ and the number of psychrotrophic
¢ bacteria inhibited. Indeed, the T. lanceolata berry metha-
nolic extract blocked the growth of every psychrotrophic
bacterial species tested. Furthermore, this extract gener-
ally displayed low MIC values (as low as 15 pg/ml against
P. mirabilis), indicating that it may be especially useful.

Also noteworthy was the ability of many of the extracts
to limit the growth of spore forming bacteria. Heat treat-
ment/pasteurisation is commonly used as a method of
destroying food bacteria prior to processing and stor-
age. However, when a bacterium produces heat resistant
spores (as B. cerens does) heat treatment may kill the bacte-
ria present, only to have further B. cereus growth occurring
from spores. As B. cereus is also psychrotrophic, it is espe-
cially difficult to control. All T. lanceolata extracts (with the
exception of the leaf ethyl acetate extract) demonstrated
good inhibitory activity against B. ceress (as seen from
the MICs). Therefore their incorporation into prepared/
processed foods may be a valuable method of controlling
B. cereus induced food spoilage and food poisoning.

The current study focussed on the effect of T. lanceo-
lata extracts on aerobic bacteria. However, the anaero-
bic spore forming bacteria Clostridinm botulininm is of
greater concern to the food industry due to its degree
of incidence and the severity of the symptoms seen with
botulism poisoning.! Future studies into the effects of
T. lanceolata extracts on anaerobes, including C. botulinium
are warranted to further evaluate their usefulness as food
preservatives.

Fungi are often able to grow in conditions in which many
bacteria cannot grow (e.g. low pH, low moisture content,
high osmotic pressure). Therefore, preservatives which
have very good antibacterial activity may not have the
same effects on fungi, allowing fungi involved in food
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spoilage/pathogenesis to grow, even in the presence
of these antibacterial substances. It is also necessary to
assess the inhibitory activity of potential preservatives
against fungal species associated with food spoilage and
the induction of food poisoning. Aspergillus species (e.g.
A. niger) successtully grow in low moisture containing
foods (e.g. grains, nuts) causing spoilage.’! A. niger also
grow prolifically in higher moisture environments and
are associated with causing spoilage of fruit and vege-
tables as well as jams and preserves, cured meats etc.
Other fungi including Candida species can readily grow
in high acid, salt or sugar environments so are not con-
trolled by many common preservation methods.”! Fur-
thermore, some fungal genera (e.g. Aspergillus) produce
mycotoxins (e.g. A. flavus produces aflatoxin) which cause
serious food poisoning.P! Therefore, the ability to control
the growth of moulds and fungi is important for inhibit-
ing food spoilage and food-borne diseases.

Whilst the fungal species tested in this study were not
as susceptible to the plant extracts as were the bacterial
species tested (as determined by the number of extracts
capable of inhibiting their growth), several I\ Janceolata
extracts proved to be good inhibitors of C. a/bicans and
8. cerevisiae growth. In particular, the peppercorn metha-
nolic, aqueous extracts and ethyl acetate extracts were
all particularly good antifungal agents (as determined by
zones of inhibition and MIC’s). These were also effective
extracts at inhibiting the growth of food spoilage and
food poisoning bacteria, indicating their broad range
potential against both bacterial and fungal food spoil-
age and pathogenic species.

Individual extract components responsible for the antimi-
crobial potential of the plant extracts were not identified in
the current study. Various compounds have been previously
identified in T. lanceolata extracts and essential oils."” These
compounds include a vatiety of terpenes (including 1,
8-cineole, terpinen-4-ol, a-pinene and B-pinene), flavonoids
(including quercetin and rutin), other phenolics (including
coumaric acid and caffeic acid) and hydrocarbons. Many
of these compounds have also been isolated from other
plant species and have been shown to have potent antimi-
crobial activity.""! It is likely that these components may also
be responsible for the antibiotic properties of the extracts
tested in this study. Further studies are required to identify
which phytochemical(s) is/ate responsible for the antimi-
crobial bioactivities seen for the T. /anceolata extracts.

The findings reported here also demonstrate that none
of the T. lanceolata berry, leaf and peppercorn extracts
displayed significant toxicity towards Artemia franciscana

nauplii. Previously, compounds with an LC, of greater
than 1000 pg/mL towards Arfemia nauplii have been
defined as being nontoxic.” None of the extracts tested
displayed L.C, | values less than 1000 ug/mL. It was there-
fore determined that all I /anceolata extracts examined in
this study were nontoxic.

CONCLUSIONS

In conclusion, the results of this study demonstrate the
potential of T. /anceolata to block bacterial and fungal food
spoilage and microbial induced food poisoning. Further-
more, the broad spectrum antimicrobial activity and the
low MICs indicate the therapeutic potential of 1. /anceo-
lata to infective disease. Further evaluation of the antibac-
terial and antifungal properties of these extracts against
a more extensive panel of microbial agents is warranted.
Likewise, purification and identification of the bioactive
components is needed to examine the mechanisms of
action of these agents.

ACKNOWLEDGEMENTS

Financial support for this work was provided by School
of Biomolecular and Physical Sciences, Griffith University.

REFERENCES

1. Wong JW, Hashimoto K, Shibamoto T. Antioxidant activities of rosemary
and sage extracts and Vitamin E in a model meat system. Journal of
Agriculture and Food Chemistry 1995; 43:2707-2712.

2. WFLO (World Food Logistics Organization). Rancidity and Antioxidants.
WLFO Commodity Storage Manual (reviewed Sebrenek J, Neel S, 2008).
http://www.gcca.org/wpcontent/uploads/2012/09/RancidityAntioxidants.
pdf. Accessed online 23/10/2013.

3. Kanner J. Oxidative processes in meat and meat products: Quality
implications. Meat Science 1994; 36:169-189.

4. Mead PS, Slutsker L, Dietz V, McCaig LF, Breese JS, Shapiro C, Griffen
PM, Tauxe RV. Food related illness and death in the United States.
Emerging Infectious Diseases 1999; 5:607—625.

5. Ray B, Bhunia A. Fundamental Food Microbiology. 4" edition 2008; CRC
Press, Boca Raton, USA.

6. Cherry JP. Improving the safety of fresh produce with antimicrobials. Food
Technology 1999; 53(11):54-59.

7. Simon RA. Adverse reactions to food additives. Current Allergy and
Asthma Reports 2004; 3(1):62—66.

8. McCann D, Barrett A, Cooper A, Crumpler D, Dalin L, Grimshaw K,
Kitchen, E, Lok K, Porteous L, Prince E, Songga-Barke E, Warner JO,
Stevenson J. Food additives and hyperactive behaviour in 3-year-old and
8/9-year-old children in the community: a randomised, double-blinded,
placebo-controlled trial. Lancet 2007; 370:1560-1567.

9. Gould GW. Industry perspectives on the use of natural antimicrobials and
inhibitors for food applications. Journal of Food Protection Supplement
1996; 82-86.

10. Vesoul J, Cock IE. The Potential of Bunya Nut Extracts as Antibacterial
Functional Food Agents. Pharmacognosy Communications 2012;
2(1):72-79.

11.  Boyer H, Cock IE. Evaluation of the potential of Macadamia integriflora
extracts as antibacterial food agents. Pharmacognosy Communications
2013; 3(3):53-62.

51



12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

52

V. Winnett, et al.: The Potential of Tasmannia lanceolata as a Natural Preservative and Medicinal Agent: Antimicrobial Activity and Toxicity

Cock IE. Antimicrobial activity of Syzygium australe and Syzygium
leuhmannii leaf methanolic extracts. Pharmacognosy Communications
2012; 2(2):71-77.

Mohanty S, Cock IE. Bioactivity of Syzygium jambos methanolic extracts:
Antibacterial activity and toxicity. Pharmacognosy Research 2010;
2(1):4-9.

Cock |IE, Mohanty S. Evaluation of the antibacterial activity and toxicity
of Terminalia ferdinandia fruit extracts. Pharmacognosy Journal 2011;
3(20):72-79.

Cock IE. The phytochemistry and chemotherapeutic potential of
Tasmannia lanceolata (Tasmanian pepper): A review. Pharmacognosy
Communications 2013; 3(4).

Cock IE. Medicinal and aromatic plants — Australia, in Ethnopharmacology
section, Biological, Physiological and Health Sciences, Encyclopedia of
Life Support Systems (EOLSS), 2011; Developed under the Auspices of
the UNESCO, EOLSS Publishers, Oxford, UK, (http://www.eolss.net).
LeStrange R. A history of herbal plants. 1977; Angus and Robertson.
Netzel M, Netzel G, Tian Q, Schwartz S, Konczak |. Native Australian
fruits — a novel source of antioxidants for food. Innovative Food Science
and Emerging Technology 2007; 8:339-46.

Potter JD. Cancer prevention: Epidemiology and experiment. Cancer
Letters 1997; 114:7-9.

Hertog HGL, Bueno de Mesquita HB, Fehily AM, Sweetnam PM, Elwood
PC, Kromhout D. Fruit and vegetable consumption and cancer mortality
in the Caerphilly study. Journal of Cancer Epidemiology Biomarkers and
Prevention 1996; 5:673-677.

Vita JA. Polyphenols and cardiovascular disease: Effects on endothelial
and platelet function. American Journal of Clinical Nutrition 2005; 81:
292S-297S.

Youdim KA, Spencer JP, Schroeter H, Rice-Evans CA. Dietary flavonoids
as potential neuroprotectans. Biological Chemistry 2002; 383:503-519.
Tsuda T, Horio F, Uchida K, Aoki H, Osawa T. Dietary cyaniding 3-O-
b- D-glucoside-rich purple corn colour prevents obesity and ameliorates
hyperglycemia in mice. Journal of Nutrition 2003; 133:2125-2130.
Kukkonen L, Cock IE. An examination of the medicinal potential of
Scaevola spinescens: Toxicity, antibacterial, and antiviral activities.
Pharmacognosy Research 2011; 3(2):85-94.

Vesoul J, Cock IE. An examination of the medicinal potential of
Pittosporum  phylliraeoides: Toxicity, antibacterial, and antifungal
activities. Pharmacognosy Communications 2011; 1(2):8-17.

Cock IE. Antimicrobial activity of Callistemon citrinus and Callistemon
salignus methanolic extracts. Pharmacognosy Communications 2012;
2(3):5-57.

Cock IE. Antibacterial activity of Aloe barbadensis Miller leaf gel
components. The Internet Journal of Microbiology 2008; 4, 2.

Cock IE. Antibacterial activity of Allocasuarina littoralis leaf gel
components. The Internet Journal of Microbiology 2008; 5, 2.

Cock IE. Antimicrobial activity of Acacia aulacocarpa and Acacia
complanta methanolic extracts. Pharmacognosy Communications 2012;
2(1):66-71.

Mpala L, Chikowe G, Cock IE. No evidence of antiseptic properties and
low toxicity of selected Aloe species. Journal of Pharmaceutical Negative
Results 2010; 1(1):10-16.

31.

32.

33.

35.

36.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Mohanty S, Cock IE. Evaluation of the antibacterial activity of Myrciaria
caulifloria methanolic leaf and fruit extracts. The Internet Journal of
Microbiology 2009; 7:2.

Cock I, Mohanty S, White A, Whitehouse M. Colloidal silver (CS) as an
antiseptic: Two opposing viewpoints. Pharmacognosy Communications
2012; 2(1):49-58.

Kalt FR, Cock IE. GC-MS analysis of bioactive Petalostigma extracts:
toxicity, antibacterial and antiviral activities. Pharmacognosy Magazine
2013.

Cock |IE, Ruebhart, DR. Assessment of the toxicity of selected Australian
native plant extracts using the Artemia franciscana nauplii bioassay. The
Internet Journal of Toxicology 2008; 5:2.

Cock IE, Ruebhart DR. Comparison of the brine shrimp nauplii bioassay
and the ToxScreen-I| test for the detection of toxicity associated with Aloe
vera (Aloe barbadensis Miller) leaf extract. Pharmacognosy Research
2009; 1(2):102-108.

Sirdaarta J, Cock IE. Vitamin E and Trolox™ reduce toxicity of Aloe
barbadensis Miller juice in Artemia franciscana nauplii but individually
are toxic at high concentrations. The Internet Journal of Toxicology
2008; 5, 1.

Ruebhart DR, Wickramasinghe W, Cock IE. Protective efficacy of the
antioxidants vitamin E and Trolox against Microcystis aeruginosa and
microcystin-LR in Artemia franciscana nauplii. Journal of Toxicology and
Environmental Health Part A 2009; 72:1567-1575.

Meyer BN, Ferrigni NR, Putnam JE, Jacobsen LB, Nichols DE,
McLaughlin JL. Brine shrimp: a convenient general bioassay for active
plant constituents. Planta Medica 1982; 45:31-34.

Paz EA, Cerdeiras MP, Fernandez J, Ferreira F, Moyna P, Soubes
M, Vazquez A, Vero S, Zunino L. Screening of Uruguayan medicinal
plants for antimicrobial activity. Journal of Ethnopharmacology 1995;
45:67-70.

Kudi AC, Umoh JU, Eduvie LO, Gefu J. Screening of some Nigerian
medicinal plants for antibacterial activity. Journal of Ethnopharmacology
1999; 67:225-228.

Cock IE. Antibacterial activity of selected Australian native plant extracts.
Internet Journal of Microbiology 2008; 4:2.

Cock IE. Antimicrobial activity of Eucalyptus major and Eucalyptus baileyana
methanolic extracts. Internet Journal of Microbiology 2008; 6:1.

Granum PE. Bacillus cereus, In Food borne Pathogens: Microbiology
and Molecular Biology, Fratamico P.M., Bhunia, A.K., Smith, J.L., Caister
Academic Press 2005; Norfolf, UK.

Nataro JP, Kaper JB. Diarrheagenic Eschericia coli. Clinical Microbiology
Reviews 1998; 11 (1): 142-201.

Twedt RM, Boutin BK. Potential public health significance of non-
Eschericia coli coliforms in food. Journal of Food Protection 1979; 42:
161-163.

Bean NH, Griffin PM, Goulding JS, Ivey CB. Food borne disease
outbreaks, 5 year summary, 1983-1987. Journal of Food Protection.
1990; 53: 711-728.

Cock IE, van Vuuren SF. Anti-Proteus activity of some South African
medicinal plants: Their potential for the prevention of rheumatoid
arthritis. Inflammopharmacology 2013; 21: DOI 10.1007/s10787-013-
0179-3.



