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Abstract 

 

Australian bush foods have been shown to have functional food and medicinal benefits 

but very few comprehensive scientific investigations have been undertaken on these 

plants. Two Australian fruits that have been highlighted as species warranting 

investigation are the berries of Tasmannia lanceolata (Tasmanian pepper berry) and 

Terminalia ferdinandiana (Kakadu plum). Both species have been used traditionally and 

are currently marketed as functional foods in addition to being exported overseas for 

various uses. The aim of this thesis was to investigate the antimicrobial bioactivity of the 

native fruits of T. lanceolata and T. ferdinandiana against a panel of pathogenic, food 

spoilage microbes, followed by a bioassay guided approach to isolate the bioactive 

molecules within the active extracts. Both fruits possess antimicrobial activity with low 

toxicity and preliminary phytochemical screening indicated that the fruits contain a suite 

of chemical classes including phenols, flavonoids, terpenes and saponins. The methanol 

extract was the most potent antimicrobial extract from T. ferdinandiana fruit, while the 

ethyl acetate extract was the most potent antimicrobial extract from the berries of T. 

lanceolata. HPLC separation of these selected bioextracts was followed by antimicrobial 

bioactivity testing and finally compound structural characterization using spectroscopic 

methods such as electrospray mass spectrometry and 1D (1H and 13C) and 2D (COSY, 

HSQC, HMBC and ROESY) NMR spectroscopy. This resulted in seven small tannins, 

corilagin, 1,3,6-trigalloyl glucose, elaeocarpusin, geraniin, chebulagic acid, helioscopin B 

and chebulinic acid being identified as the antimicrobial active molecules from T. 

ferdinandiana fruit. The molecules were active against Bacillus cereus, Staphylococcus 
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aureus, Escherichia coli, Alcaligenes faecalis, Pseudomonas aeruginosa, Klebsellia 

pneumoniae, Proteus mirabilis, Serratia marcescens and Salmonella enterica typhimurium 

with elaeocarpusin and helioscopin B, both of which are ascorbic acid adducts of geraniin 

like molecules being the most potent inhibitors of microbial growth. The ethyl acetate 

crude extract from the berries of T. lanceolata was shown to contain 13 drimane 

sesquiterpenes as the antimicrobial active molecules.  Two new compounds, tasmannial 

and isopolypropic acid were identified and structurally elucidated. Although the berries of 

T. lanceolata ethyl acetate crude extract showed a broad spectrum of antimicrobial 

activity against a panel of both gram-positive and gram-negative pathogens in addition to 

food spoiling bacteria, none of the compounds isolated from the same crude extract 

possessed broad spectrum activity. Instead, each of the bacterial strains tested were 

inhibited by subsets of the compounds. Drimendiol showed the most broad spectrum 

activity. The most significant result was the observation of bactericidal activity against B. 

cereus by the majority of the berries of T. lanceolata bioactive drimanes. This suggests 

that either the crude ethyl acetate berry extract or a combination of the purified drimane 

sesquiterpene could be used to prevent food spoilage caused by B. cereus. 

The protozoan parasite Giardia duodenalis causes extensive morbidity worldwide and is 

quickly developing resistance to the currently available treatments, thus pressing the need 

for the development of new pharmaceutical treatments. Lipophilic extracts derived from 

the fruits of T. lanceolata and T. ferdinandiana showed potent antigiardial activity (IC50 for 

hexane extract: 84 µg/mL for T. lanceolata and 26.9 µg/mL for T. ferdinandiana). Bioassay 

guided purification and spectroscopic analysis of the active fractions from the berries of T. 

lanceolata suggested that the antigiardial activity was most likely associated with 
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polygodial present in the extracts in high concentration, whereas the crude hexane extract 

of T. ferdinandiana lost its activity upon HPLC separation due to the bioactive components 

being retained on the C18 in the column even after extended elution with methanol. 

Furthermore it was found that the hexane crude extract of T. ferdinandiana was equal to 

the leading drug of choice, metronidazole. 

Results obtained from this study suggest that the bioactive phytochemicals identified from 

the fruits of T. ferdinandiana and T. lanceolata have great potential to be utilised as 

antimicrobial, anti-infective agents.  The bioactive compounds identified in this study 

could therefore be used in the food industry either individually or in combination to 

prevent food spoilage as well as in the treatment of Giardia duodenalis. Many of the 

bioactive compounds identified from both fruits have a variety of additional health 

benefits and this suggests that the application of the fruit compounds as food 

preservatives or as functional foods may be beneficial in the management of known 

health conditions including cancer, diabetes and Alzheimer’s as well as for pathogen 

protection as in the case of G. duodenalis.  All of the bioactive compounds from both the 

selected native fruits have shed some light on the structure related activity against the 

panel of microbes. This provides a great starting point for a detailed mechanistic study for 

related species which are likely to contain similar compound classes. The results obtained 

in this study have also validated some of the traditional uses of these fruits for treating 

various infections.  
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1 General Introduction  

1.1 Background 

The balance of the body’s function is disturbed when an illness ensues. Restoring health 

means bringing this balance back to its normal state. Allopathic medicine (Western 

medicine) has traditionally utilized plants and compounds originating from plant both 

independently and in combination with non-plant based methods as a form of treating 

infection and disease, thus restoring a healthy state (Collins, Culvenor et al. 1990, Cowan 

1999). 

Herbs, as a leading source of medicinal compounds contain a complex mixture of 

chemicals and some of these have been characterized by scientific means (Hostettmann 

1998). The bioactive compounds (useful chemicals) are just a minute fraction of all 

compounds that are present in the crude extract of herbs. Thus, these phytochemicals are 

in a diluted form within a plant. The pharmaceutical industry recognises the importance of 

phytochemicals as a source of new medicines (Hostettmann, Wolfender et al. 1996, 

Hostettmann 1998). Current studies are aimed at isolating and purifying these substances 

to enable pharmaceutical companies to develop them into effective pharmaceuticals for 

clinical use. 

In the pre-medicine era, human beings relied on acquired immunity through regular 

contact with pathogens and their survival was dependent on their greater tolerance or 

immunity to common pathogens. Pre-modern medicine (before the discovery of 

antibiotics) there was a significant reliance on botanical and plant based medicines. It is 

thought to be this use of botanicals that shaped modern medicine resulting in an increase 
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in the identification and isolation of active compounds from botanicals for pharmaceutical 

purposes (Hostettmann, Wolfender et al. 1996). Many naturally derived components were 

found to be effective by themselves (e.g. penicillin) whilst others were found to require 

chemical modification (e.g. erythromycin) or addition of secondary co-acting compounds 

for the effective use in treating disease. Other antibiotics have subsequently been 

introduced to fight infectious diseases. However, with the rise of “super bugs”, 

pharmaceutical companies are increasing efforts to discover new agents to help fight 

these resistant microorganisms. Furthermore, the burden of chronic non-contagious 

diseases like cancer, cardiovascular disease and neurodegenerative diseases represent 

46% of the global burden of disease (Mathers, Stevens et al. 2013). These diseases are 

among the leading causes of death worldwide, especially in developed nations. These 

acute and chronic diseases are largely preventable through the development of novel and 

sustainable prevention strategies. Some of the bioactive compounds found in fruit and 

vegetables are beneficial due to their antioxidant activities against a number of chronic 

diseases such as cancer, cardiovascular disease, stroke, Alzheimer’s disease, cataracts and 

age-related functional decline (Hertog, Bueno-de-Mesquita et al. 1996). 
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1.2 Significance of Study 

Studying the world’s biota has traditionally been the primary source of novel antibiotic 

discovery, however, in recent times pharmaceutical companies have largely abandoned 

this approach in favour of synthetic medicinal chemistry and rational drug design. As a 

consequence of this new approach the introduction of new antibiotics to treat diseases 

has decreased over recent years in comparison to infection rates (Barrett 2005, Koehn and 

Carter 2005). Nevertheless, microbial resistance, adverse drug reactions, the need to find 

broad spectrum antimicrobial compounds that can inhibit multiple microbes and the lack 

of success in using rational drug design to find new antibiotics has refocused the need for 

new natural product antimicrobials rather than synthetic compounds (Alekshun 2005). 

Antimicrobial compounds play a major role in a range of industries from agriculture, 

aquaculture food processing, cosmetics, veterinary practices, and healthcare. Microbial 

related infections are a significant health concern as human and animal infections caused 

by multidrug resistant bacteria has become an increasingly reoccurring problem due to 

the widespread overuse of current antibiotics. Multidrug resistant bacterial and microbial 

strains are also a significant problem for food industries with regards to the preservation 

and storage of food and also in the minimization of global food wastage (Bush, Macielag 

et al. 2004). Currently, traditional methods of antibiotic discovery have failed to keep pace 

with the evolution of microbes. Therefore, new strategies to control bacterial infections 

are highly desirable (Coates, Hu et al. 2002). Plant secondary metabolites 

(phytochemicals) have a high potential to be developed into antibacterial drugs (used 

alone or in synergy with other antibiotics) to increase the effectiveness of antibacterial 

treatments for microbial control (Das, Tiwari et al. 2010). Strategies for selecting plants for 
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the purpose of discovering new antimicrobial agents (an estimated 250,000 species 

available to study) are many and varied but choosing plants that have had ethnobotanical 

uses has been an effective way to screen candidate plants to target. Phytochemicals 

frequently act through different mechanisms than conventional antimicrobial compounds 

(derived from microorganism sources) and hence have a potential advantage in the 

treatment of multidrug resistant microbes (Taiz and Zeiger 2006). The phytochemicals 

found within certain traditionally used plants demonstrate a microbial protective effect in 

addition to their original intended use. Hence, a bioactive driven approach analysing 

traditional uses of plants represents an effective method of selecting candidates for 

research (Hostettmann 1998). Native Australian fruits provide significant potential for 

such research due to their extensive usage history by the indigenous population of 

Australia. Indigenous Australians have identified bush foods that have therapeutic 

potential against a vast array of diseases, but scientific evaluation of this evidence is 

preliminary (Pennacchio, Kemp et al. 2005, Dupont, Caffin et al. 2006, Lassak and 

McCarthy 2006). Studies into the therapeutic potential of plants may lead to the discovery 

of novel treatments for a variety of diseases and disorders due to their novel bioactivities. 

These bioactivities warrant further detailed investigation as their therapeutic efficacy and 

resulting pharmaceutical products still remain to be clinically proven. 

In this dissertation two native plants were selected for antimicrobial analysis. Both of the 

plant’s fruits are bush foods which are exported overseas for various reasons. There has 

been very few scientific studies undertaken on them and an understanding of the 

chemicals they contain is poorly reported. The aim of this research is to evaluate the 

antimicrobial properties of the fruits of Terminalia ferdinandiana (Kakadu plum) and the 
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berries of Tasmannia lanceolata. To achieve this, extracts from the selected plants were 

tested for antibacterial, antifungal, antiprotozoal and toxicity properties through assays 

including the Kirby-Bauer disc diffusion followed by 96 wells broth (due to limitations of 

the disc diffusion assay), Giardia and the Artemia franciscana bioassays. The active 

fractions were characterized using sophisticated techniques including High Performance 

Liquid Chromatography (HPLC), Mass Spectrometry/Mass Spectrometry (MS/MS) and 

Nuclear Magnetic Resonance (NMR) spectroscopy and ultimately purified to yield single 

and pure compounds. By testing these purified compounds on the antimicrobial bioassays 

the specific mechanisms of action and potential structure activity relationships can be 

elucidated. 
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1.3 Phytochemicals as food preservatives and functional foods 

Food safety is an increasingly important global health issue. It is estimated that there are 

approximately 76 million cases for food borne illness just in the US alone each year (Lynch, 

Painter et al. 2006). There is also public concern about food safety due to food borne 

disease outbreaks caused by drug resistant pathogenic bacteria. These concerns also raise 

specific challenges due to the public’s simultaneous trepidations regarding the use of 

chemical preservatives and antimicrobials to prevent spoilage and pathogenic bacteria, as 

some first generation preservatives and antimicrobials may cause severe allergic 

responses or side effects in sensitive individuals (Walker 1985). Therefore natural 

antimicrobials from food plants may be a very attractive and alternative source of food 

preservatives (Cowan 1999). If the phytochemicals present in these plants also have 

additional bioactivities then this can provide added value to food preservation industries. 

Crude extracts from these plants could also be considered because they may possess 

antimicrobial activity against a wider range of microorganisms compared to single pure 

compounds (Delaquis, Stanich et al. 2002).  
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1.4 Australia: Reservoir for bioactive natural products 

Australian native bush food fruits provide an extensive resource for the discovery of novel 

functional food compounds or pharmaceuticals. This is because of various influencing 

factors including: Australia’s vast botanical diversity which has developed over millions of 

years due to its geographic isolation from the northern hemisphere, knowledge by 

indigenous Australians on the use of plants as foods and medicines which has been 

established over thousands of years and also due to more recent rigorous scientific 

discoveries and findings. Gondwana (Sanskrit word gondavana = “forest of the Gonds”) is 

the name given to the southern supercontinent that comprised the current major 

landmasses of Africa, Antarctica, Australia, India, Madagascar and South America up until 

about 184 million years ago. Based on paleontological and geological evidence and the 

distribution of specific plants lineages in the southern hemisphere, it has been suggested 

that differentiation of many plant groups occurred within Gondwana before it’s 

dissolution resulting in today’s southern continents (Anderson, Anderson et al. 1999, 

McLoughlin 2001). Since Australia drifted away from the other continents, the variable 

climate has geologically shaped the continent into its present form. The northern regions 

consist of a mixture of arid, dry climates as well as tropical climates with high rain fall 

while the eastern and southern regions have a more sub-tropical temperate. This has 

significantly affected the diversity of the flora present on the continent (White 1994). 

Since the phytochemicals present in plants are genetically encoded, plant phylogeny 

influences the potential chemical diversity within species. Therefore rich flora diversity 

will correlate with rich chemical diversity. The ecology of plants will also influence the 

chemical diversity present within species, as plants use chemical defences to protect 
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themselves from predators and infections. These ecological attributes can provide 

inadvertent benefits to humans who consume the plants, since the chemicals which are 

used as a protective substance may also have beneficial effects against proteopathies 

(disease causing proteins). Therefore some of the phytochemicals ingested may play a role 

in helping the body maintain optimal well-being and could be considered a functional 

food. If the food contains antimicrobial compounds then it could also be used as a food 

preservative. 

 

1.4.1 Australian native bush foods and recent discoveries 

Although Australian native plants have an extensive history of use by indigenous 

Australians as either foods or medicines, the information available on the potential health 

benefits of native Australian fruits is very limited. For thousands of years indigenous 

Australians have used components of their environment including plants, animals and 

insects as a source of food, water and medicine, through extensive trial and error (Isaacs 

1987, Isaacs 1996). From this accumulated knowledge scientists and pharmacologists are 

able to further investigate various aspects of these foods and medicines. Some scientific 

groups have undertaken preliminary work to screen the nutritional composition of native 

bush foods (Brand Miller, James et al. 1993) while others have conducted complete 

phytochemical fingerprinting of a few specific species. 

Much research has been conducted on the essential oils found in specific species and this 

has led to some of these oils being used as food preservative or in cosmetics (Smid and 

Gorris 1999, Delaquis, Stanich et al. 2002, Burt 2004, Sultanbawa 2011). There have been 

a number of in-depth investigations of Australian native food and medicinal plants 
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including wattle (Acacia spp.), tea tree oil (Melaleuca alternifolia), Illawarra plum 

(Podocarpus elatus), quandong (Santalum acuminatum), eucalyptus oil (Eucalyptus spp.), 

Anise myrtle (Syzygium anisatum) and the Australian bush tomato (Solanum centrale). 

Investigations have also been done on their alkaloid content and antitumour activity 

(Cribb, Cribb et al. 1974, Collins, Culvenor et al. 1990, Isaacs 1996, Hegarty, Hegarty et al. 

2001, Delaquis, Stanich et al. 2002, Konczak, Zabaras et al. 2010, Weerakkody, Caffin et al. 

2010, Matt 2013). Other research has been conducted on Australian native herbs with the 

goal of identifying plants that could be used against food related microorganisms in order 

to increase food shelf life and promote food safety (Dupont, Caffin et al. 2006). There has 

also been research conducted on selected native plants for their anti-inflammatory 

activity (Sweeney, Wyllie et al. 2001) and on commercially grown native fruits for 

hydrophilic antioxidant phytochemicals, including phenolic compounds (Konczak, Zabaras 

et al. 2010, Konczak, Zabaras et al. 2010). Further research has also been conducted on 

Acacia and Eremophila species for their antibiotic and cardioactive properties and the 

isolation of compounds responsible for this activity were identified using bioassay guided 

fractionation (Pennacchio, Syah et al. 1996, Pennacchio, Kemp et al. 2005). However 

studies to find the compounds responsible for bioactivity within traditionally used plants is 

quite uncommon. Hence there is a very large opportunity for researchers to examine the 

chemistry and bioactivities of Australian native plants.  

1.4.2 Functional foods and health benefits 

The concept of functional foods was developed in progression with the gradual 

understanding of health and nutrition by the general public. This led to new ways of 

achieving optimal health by promoting specific foods to the public as ‘state of well-being’ 
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foods for a reduced risk factor of lifestyle oriented diseases, such as heart disease and 

cancer. In today’s society functional foods play a very significant role because public 

health and medical experts have helped to increase public awareness regarding the 

importance of proper nutrition for health. The societal benefits from the consumption of 

functional foods are an increased and healthier life expectancy which leads to reduced 

health care costs (Arai, Yasuoka et al. 2008). The concept of functional foods was first 

promoted by Japanese scientists who studied the relationship between nutrition, sensory 

satisfaction and modulation of physiological systems. The new global functional food 

market is estimated to be worth between US$33 billion to US$61 billion per annum and 

gradually growing (Siró, Kápolna et al. 2008). 

In Australia alone, the market for health foods is estimated to be growing at a rate of 15-

20% annually (Michael 2000). The term ‘functional food’ and nutraceutical have been used 

interchangeably for the promotion of ‘functional foods’ to consumers, often with little 

clinical research to support or substantiate the claims of health benefits by manufacturers. 

Currently social trends have seen an increase in general consumers considering the use of 

functional foods as an alternative to medical intervention for the treatment of specific 

biochemical deficiencies (perceived or otherwise) and to provide practical dietary 

solutions to medically diagnosed disorders (such as diabetes, celiac or cardiac disease) 

(Ferguson 2009). Understanding the properties of native Australian foods and how they 

can be integrated into food supply chains provides an opportunity for the development of 

the local functional food industry. Some of the chemicals found naturally in functional 

foods could prove to have dual functions (Devereux 2006). For example, if a plant which 

possess antimicrobial properties is used as a food preservative but the plant also has 
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anticancerous, antidiabetic, antiallergic, antihyperalgesic or vasodilator properties then 

the addition of this functional food to the diet could impart health benefits at the same 

time as increasing the food’s shelf life. Table 1.1 below, lists selected plant species from 

the Combretaceae and Winteraceae families, their bioactive compounds, various 

biological activates they possess, and traditional uses. 
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Table 1.1: Botanical names of similar plant species and their medicinal uses. 

Family name Botanical 

name  

Active 

compound 

Some uses  Traditional Uses References 

Combretaceae Terminalia 

catappa 
Tannins Antidiabetic 

 

Erythropoiesis (L.M. Perry and Metzger 1980, Lin and Kan 1990, 

Teotia and Singh 1997, Aimola, Inuwa et al. 

2011)   

Combretaceae Terminalia 

chebula 
Chebulagic acid Anticancer, diabetic 

activity 

Asthma, sore throats, 

vomiting,  diarrhoea, 

gout and heart and 

bladder diseases 

(Kirtikar and Basu 1935, Asolkar, Kakkar et al. 

1992, Rao and Nammi 2006, Reddy, Reddy et al. 

2009)  

Combretaceae Terminalia 

arjuna Wight 

& Arn 

Flavonoids and 

cardiac 

glycosides 

Cardiovascular drug  Lipid lowering and 

cardiac tonic 

(Dwivedi 2007) 

Winteraceae Tasmannia 

piperita 

Sesquiterpenes Diarrhoea and cough Treatment of malaria (Southwell and Brophy 1992, Cepeda 2010, 

Cepeda, Santoso et al. 2011, Jorim, Korape et al. 

2012, Lense 2012) 

Winteraceae Drimys 

winteri 
Polygodial and 

drimenol 

Antimicrobial, 

antifeedant, gastric 

protective effect and 

anti-nociceptive 

activity  

Anti-inflammatory 

and as an analgesic 

(Houghton and Manby 1985, Anke and Sterner 

1991, Jonassohn 1996, Cechinel Filho, 

Schlemper et al. 1998, Cechinel Filho and Yunes 

1998, Mendes, Santos et al. 1998, Matsuda, 

Pongpiriyadacha et al. 2002, Pongpiriyadacha, 

Matsuda et al. 2003, Jansen and de Groot 2004) 
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1.5 Traditional knowledge and bioassay guided fractionation: 

Method for novel plant drug discovery 

1.5.1 Drugs from plants 

Humans have relied on native, easily obtained plant products and have extensively 

explored their application to improve various aspects of their lives. Humans use natural 

products such as spices, flavouring agents, perfumes, cosmetics, insecticides and 

medications. Historically the traditional use of plants has been a guide for research into 

their potential as a source of health promoting substances. It is estimated that 

approximately 25% of all prescription drugs currently in use were originally derived from 

plants with 75% of these drugs discovered by an examination of traditional medicines and 

ethnobotanical data. Furthermore 62% of the new chemical entities are from non-

synthetic origins (Harvey 1993, Newman, Cragg et al. 2000, Newman, Cragg et al. 2003, 

Walsh 2003). For example, digoxin is extracted from foxglove (Digitalis purpurea) and was 

known in Europe for its positive effect on cardiovascular function long before the 

identification of its active constituent (Pervaiz, Dickinson et al. 2006). More examples of 

plant derived bioactive compounds are shown below in table 1.2. Furthermore, 

phytochemicals with biological activity and known uses (e.g. pharmaceuticals and pest 

management agents) may have the potential to combat the risk from drug resistant 

microbes. 
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Table 1.2: Examples of common drugs developed from plant bioactive compounds. 

*Clinical action is not correlated to their traditional use (Farnsworth, Akerele et al. 1985, Hostettmann 1998, Fabricant 

and Farnsworth 2001). 

 

Random or directed synthetic drug discovery is not the only way to develop new 

pharmaceuticals. Knowledge of traditional medicinal systems may aid in the discovery of 

novel drugs (Schmid and Smith 2004). In the past the majority of approved drugs 

originated from biotechnology or through plant sources (Table 1.2) and previous analysts 

predicted the continuation of drug discovery through the production of novel synthetic 

compounds (Hughes 2010). However drug discovery strategies based on phytochemicals 

of native plants and traditional medicines continues to be an attractive option (Fabricant 

and Farnsworth 2001, Tan, Konczak et al. 2010). Multifaceted approaches utilising 

traditional herbal knowledge, pharmacology, and botany are becoming increasingly 

important for drug discovery with 48% of the new medicines reported from 1981–2002 

derived from plant based products (Newman, Cragg et al. 2003). Hence phytochemical 

characterization of bioactivities in endemic plants with traditional medicinal uses could 

provide the following: 

Bioactive Compound Effect Species derived from 

Aspirin (Salicin) Anti-inflammatory, 

painkiller 

Salix spp. 

Caffeine CNS stimulant Coffea Arabica 

Cocaine Local anaesthetic, stimulant Erythroxylum coca 

Codeine Analgesic Papaver somniferum 

Digitoxin Cardio-tonic Digitalis purpurea 

Morphine Analgesic Papaver somniferum 

Quinidine * Antiarrhythmic Cinchona ledgeriana 

Quinine Antimalarial Cinchona ledgeriana 

Vinblastine and Vincristine* Antitumour agents Catharanthus roseus 
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• Alternative effective herbal medications for the treatment of evolving pathogens 

and super resistant bacterial strains. 

• A source of novel drugs for conditions currently without a cure or treatment. 

• Scientific evidence for efficacy of the traditional use of herbal medicine. 

• Novel drug discovery could lead to employment and commercial opportunities, 

further aiding the economy. 

• Herbal medicine research may resolve underlying reasons for disorders by 

normalizing physiological functions (Pizzorno and Murray 2012). 

• There is a general perception that herbal medicines are environmentally friendly in 

comparison to synthetic drugs as they are derived from plant based renewable 

sources (Samanta, Mukherjee et al. 2000). 

Some strategies for the discovery of plant compounds for therapeutics are: 

• Ethnopharmacology  

• Field observation 

• Taxonomic similarity  

• Chemical composition  

 

Traditionally herbal medicinal systems were used as remedies for various conditions. In 

some instances the therapeutic potential of these plants has been proven (e.g. Taxol, a 

chemotherapeutic drug from the Pacific Yew tree), whilst others lack empirical evidence 
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and require further scientific study (e.g. Melaleuca quinquenervia to treat colds) (Maiden 

1889, Lassak and McCarthy 2006).  

Indigenous Australians had well defined plant based medicinal systems to maintain their 

health prior to European settlement in Australia (Lassak and McCarthy 2006). In some 

parts of Australia, diarrhoea and dysentery was treated with native plants including 

Eucalyptus astringents. Fever was treated with a wide variety of plants, depending on 

which plants were locally available to the indigenous Australian population (Lassak and 

McCarthy 2006). Since this knowledge was communicated verbally rather than through 

written documentation, some of this natural drug knowledge may have been lost through 

the generations. However, some of this knowledge could possibly be rediscovered and 

preserved using ethnopharmacology and rigorous scientific examination. 

 

1.6 Hypothesis and objectives 

1.6.1 Hypothesis 

Two Australian native fruits Terminalia ferdinandiana and Tasmannia lanceolata contain 

bioactive compounds that could be used as potential food preservatives and combat 

health ailments. 

 

1.6.2 Objectives 

• Conduct a literature review on Australian bush foods to identify the specific 

native fruits of interest for follow-up research. T. ferdinandiana and T. lanceolata 

were chosen because of their ethnobotanical usage. As a result comprehensive 

reviews of the literature associated with the bioactivity and chemistry of T. 

ferdinandiana and the T. lanceolata was undertaken. 

 

• Since T. lanceolata has been little studied, a review on the entire Winteraceae 

family was conducted with the objective of identifying the chemical and 
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biological activity trends within the family that could relate specifically to T. 

lanceolata. 

 

• Investigate the phytochemistry and antimicrobial bioactivity of the fruits through 

biological testing and chemical profiling of a variety of crude extracts.  

 

• Follow up on the bioactivity identified within the crude fruit extracts with the 

aim of isolating and elucidating the structures of the bioactive compounds they 

contain. Purification and structural characterization of the active compounds 

identified and their structure activity relationship are reported in section 3.2 (T. 

ferdinandiana) and 4.2 (T. lanceolata). 

 

• The fruits of T. ferdinandiana and T. lanceolata were tested for antiparasitic 

activity through antigiaridal testing and active crude extracts were identified. 

 

To achieve these objectives fruit material was obtained from: 

• T. ferdinandiana: Small scale studies were undertaken on material obtained from 

David Boehme, Wild Harvest NT (Darwin). Large scale extraction and purification 

was undertaken on material purchased from Coradji Pty Ltd (Broome). 

 

• T. lanceolata: Small scale studies were undertaken on material bought from an 

online retailer, “A Taste of the bush” and large scale studies were conducted 

using material bought from “Tuckeroo Innovative Native Products”, another 

online retailer.  
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2 Literature Review 

 

2.1 Terminalia ferdinandiana and the family Combretaceae  

 

This chapter consists of a general overview about the selected native plants. The first part 

consists of the co-authored published literature review on Terminalia ferdinandiana which 

is:  

Mohanty, S. and Cock, I.E., The chemotherapeutic potential of Terminalia ferdinandiana: 

Phytochemistry and bioactivity. Pharmacognosy reviews 2012, 6(11), 29-36. 

My contribution to the published paper involved:  

Initial concept, literature review and preparation of the manuscript. 
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INTRODUCTION

Approximately 25% of  all prescription drugs currently in use 
are originally derived from plants.[1] Furthermore, approximately 
75% of  new anticancer drugs marketed between 1981 and 2006 
are derived from plant compounds.[1] Despite this, only 10% of  
the estimated 250,000 species worldwide have been screened for 
any bioactivities. Plants produce a variety of  biologically active 
compounds which exhibit an array of  properties.[2] The study of  
plant pharmacognosy could lead to the discovery of  commercially 
and/or therapeutically useful phytochemicals possessing a 
diverse range of  activities. As a result of  its geographic isolation, 
Australia is home to a large variety of  unique and distinct flora 
not found elsewhere in the world. Due to the harsh conditions 

seen in many parts of  Australia, plants have developed unique 
survival methods specific to the environmental conditions they 
inhabit and may hold the key to the treatment of  many diseases 
and medical conditions. Traditional Aboriginal knowledge of  
plants as therapeutics is disappearing as the Aboriginal culture 
merges into main stream society and the passing of  oral traditions 
between each generation diminishes. Given the diverse nature 
of  the flora present and the diminishing traditional knowledge, 
Australian plants remain relatively unstudied and it is surprising 
that more research has not been done into their potential.

There are about 250 species of  the genus Terminalia (family 
of  Combretacea) occurring in various tropical countries[3] of  
which 28 species or subspecies grow in Australia.[4] Terminalia 
ferdinandiana is an Australian native plant which is commonly 
known as Kakadu plum gubinge, billy goat plum, or salty plum.[5] 
T. ferdinandiana is a small to moderately sized semideciduous tree, 
which occurs mainly in the tropical grassland of  the Northern 
Territory, Queensland, and northwestern parts of  Western 
Australia.[6] T. ferdinandiana flowers at the end of  the dry season 
(September–November) and has fruits from middle of  the wet 
season (January–June) to the early part of  dry season, depending 
on its location. The fruits are smooth-skinned, yellow–green 
in color, about 1.5–2 cm long and ovoid in shape, often with a 
short beak at the tip.[7] T. ferdinandiana is sometimes mistaken for 
and thought to be closely related to T. carpentariae, T. hadleyana, 
and T. latipes.[4,7,8] Sometimes it is also incorrectly identified as 
with T. prostrata.[9]
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As with many of  the other Australian Terminalia species, T. 
ferdinandiana fruits and seeds have historical uses in the Aboriginal 
diet and as a medicinal plant.[10] Australian Aborigines ate the 
fruit directly, used it to make a refreshing drink and also used it 
to make edible jelly and gum.[3] Recently, T. ferdinandiana fruits 
have been reported as the richest naturally occurring source of  
vitamin C worldwide.[11,12]

PHYTOCHEMISTRY OF T. FERDINANDIANA AND 
POTENTIAL MEDICINAL BENEFITS

Epidemiological studies have shown that a high uptake of  
fruits/vegetables is associated with lower risk of  developing 
chronic diseases.[13] High antioxidant levels have previously 
been demonstrated to act as preventative effects against 
the development of  degenerative diseases such as cancer,[14] 
cardiovascular diseases,[15] neural degeneration,[16] diabetes, 
and obesity.[17] Phenolic compounds are generally known as 
strong antioxidants.[18] Their primary action is the protection 
of  cell constituents against oxidative damage through the 
scavenging of  free radicals, thereby averting their deleterious 
effects on nucleic acids, proteins, and lipids in cells.[18] Phenolics 
interact directly with receptors or enzymes involved in signal 
transduction,[19] clearly indicating that they play a specific role in 
human physiology. Common plant phenolic compounds include 
flavonoids, tannins, anthocyanins, and gallic acid.

Previous studies on related species of  the genus Terminalia have 
examined bioactivities including antibacterial,[20] cardiovascularity, 
and anti-inflammatory activities.[21] One study has focused on 
the potential of  Terminalia arjuna for alleviating angina and other 
cardiovascular conditions.[22] The stem bark of  T. arjuna contains 
a myriad of  phytochemicals including glycosides, large quantities 
of  flavonoids, tannins, and numerous minerals. Flavonoids in 
particular have been demonstrated to exert antioxidant, anti-
inflammatory, and blood lipid lowering effects.[23] Furthermore, 
glycosides are useful as cardiotonic agents, making T. arjuna 
popular amongst currently used medicinal plants in the Indian 
system medicines.[24]

While studies into the bioactivities of  T. ferdinandiana are lacking, 
a recent report has described its fruits as richest sources of  
vitamin C [Figure 1a] of  any plant in the world.[12] The content of  
vitamin C varies from 3.5% to 5.5% of  recorded wet weight[23,24] 
in comparison to orange, grapefruit, and lime containing only 
approximately 0.5%.[25] Due to its high vitamin C levels, the 
primary use of  T. ferdinandiana fruit is for production of  vitamin C 
in health food, cosmetic, and pharmaceutical industries. However, 
T. ferdinandiana fruit also contains many other compounds which 
also contribute to its high antioxidant activity.[11,12] While many of  
these compounds are yet to be identified, T. ferdinandiana fruit has 
been shown to contain benzoic acids, flavanols, or flavanones.[11] 
T. ferdinandiana fruit is a good source of  gallic acid [Figure 1b] 
and ellagic acid [Figure 1c],[6,26], both of  which demonstrate 
antioxidant and anticarcinogenic activity in vitro.[27,28] Previous 

studies have also noted that T. ferdinandiana fruit is very rich in 
chlorophyll a [Figure 1e] and chlorophyll b [Figure 1f], which 
have previously been shown to be capable of  relieving oxidative 
stress.[29] Lipophilic T. ferdinandiana fruit extracts are also rich in 
lutein [Figure 1g—a carotenoid antioxidant compound associated 
with eye health] and with vitamin E [Figure 1d] and vitamin E 
analogs.[11] Hesperitin [Figure 1h], the glycosides kaempferol 
[Figure 1i] and luteolin [Figure 1j], and the glucoside quercetin 
[Figure 1k] are some of  the other antioxidants present in T. 
ferdinandiana fruit.[11] T. ferdinandiana fruit is also a good source 
of  the minerals magnesium, zinc, calcium, potassium, sodium, 
iron, phosphorous, manganese, copper, and molybdenum.[11]

T. ferdinandiana fruit antioxidants may reduce oxidative stress in 
several ways: directly, by reaction with aqueous peroxyl radicals 
by donating one or two electron, or indirectly, by restoring 
the antioxidant properties of  fat-soluble vitamin E. Another 
major function is to keep glutathione (GSH), l-cysteine, and 
N-acetyl-cysteine (antioxidants) in a reduced form, allowing 
them to continue their powerful free radical quenching effects. 
Another biochemical function for phytochemical antioxidants 
is to compete with free radicals to bind to the substrates. This 
function is specifically helpful in the formation of  carcinogenic 
nitrosamines.[30]

CELLULAR REDOX STATE AND CELL SURVIVAL

As a result of  oxidative metabolism for energy production, all 
aerobic cells generate reactive oxygen species (ROS) including 
superoxide radical (O2•

–), hydrogen peroxide (H2O2), free radicals, 
and hydroxyl radical (OH•).[31] Free radicals are chemical species, 
which contain one or more unpaired electrons, making them 
highly unstable. These toxic products place cells under oxidative 
stress and can negatively affect their chances of  survival.[32] 
ROS are proficient at penetrating cells rapidly and reacting with 
intracellular metal ions (Fe or Cu) to generate highly reactive 
hydroxyl radicals that target cellular components (specifically 
DNA, lipids, and proteins) causing oxidative insults.[33] They 
cause damage to other molecules by extracting electrons in order 
to attain stability themselves.[33] ROS form a threat from within 
which may destabilize the cell’s natural antioxidant systems 
resulting in damage to all biological macromolecules (nucleic 
acids, proteins, carbohydrates, and lipids).[34] For example, OH• is 
known to initiate lipid peroxidation which may result in the loss 
of  membrane integrity and the generation of  toxic aldehydes.[35]

Cells have developed a variety of  mechanisms to minimize 
the effects of  ROS. These defenses consist of  both enzymatic 
and nonenzymatic mechanisms.[32] The important antioxidant 
enzymes include superoxide dismutase (SOD), catalase, 
thioredoxin (THX), thioredoxin reductase, glutathione 
peroxidase (GPx), and glutathione reductase (GR). The 
nonenzymatic antioxidant defenses include GSH as well as 
vitamins A, C, and E. When the prooxidative forces overwhelm 
the antioxidant defenses, oxidative stress is established. 
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Oxidative stress can induce cell death via apoptosis, damage 
DNA, as well as causing cancer and other diseases including 
atherosclerosis, diabetes, cirrhosis,[35] male infertility,[36] 
autoimmune disease,[37] lung cancer, chronic inflammation, 
atherosclerosis, and Alzheimer’s disease.[35] Although almost 
all organisms possess antioxidant defense and repair systems 
which have evolved to protect them against oxidative damage, 
these systems are insufficient to entirely prevent the damage. [38] 
However, individuals with elevated dietary intakes of  
nonenzymatic antioxidants such as vitamins A, C, and E are less 
likely to suffer heart and vascular diseases, diabetes, and some 
forms of  cancer.[39] Therefore, antioxidants such as vitamin C 
and polyphenols like ellagic acid in T. ferdinandiana fruit could 
contribute to reducing oxidative damage via nonenzymatic 
mechanisms and the scavenging of  free radicals. Studies into 
the medicinal effects of  antioxidants have proved confusing, 
with some studies showing therapeutic effects[40,41] while other 
studies indicate that these antioxidants may themselves be 
toxic.[42,43] It has been shown in a variety of  human and animal 

models that the effects of  vitamin E and vitamin C are dose 
dependent with low doses behaving as antioxidants, while high 
doses themselves induce toxicity through oxidative stress.[42,44]

There is a growing interest in the use of  natural antioxidants 
to protect against a variety of  diseases. The consumption 
of  beverages such as tea and fruit juices, which are rich in 
flavonoids, has been associated with the decline of  serum 
cholesterol and systolic blood pressure, thus reducing coronary 
vascular diseases.[45] The consumption of  the Garcinia kola’s 
seeds, which contains the potent antioxidant kolaviron, has 
been reported to have anticarcinogenic and hepatoprotective 
effects. [46] In addition, high levels of  antioxidant phytochemicals 
within cloves have been linked to the prevention of  lung cancer.
[47] Even drinking wine is linked with protection against oxidative 
stress through its antioxidant phytochemicals.[45] Therefore, 
antioxidant supplements, or foods containing high levels of  
antioxidants, may be useful in reducing oxidative related diseases 
and disorders. T. ferdinandiana fruit, with the highest recorded 

Figure 1: Chemical structures of molecules with antioxidant potential identified in T. ferdinandiana: (a) ascorbic acid (vitamin C), (b) gallic acid, (c) 
ellagic acid, (d) α-tocopherol (vitamin E), (e) chlorophyll a, (f) chlorophyll b, (g) lutein, (h) hesperitin, (i) kaempferol, (j) luteolin, and (k) quercetin
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levels of  antioxidants of  any plant in the world, therefore has 
potential in decreasing cellular oxidative stress and treating a 
myriad of  oxidative diseases and disorders. Despite this and 
the ethnobotanical usage of  this plant, no evidence was found 
in the literature of  T. ferdinandiana fruit being tested for any 
bioactivity other than its antioxidant activity. Recent studies 
in our lab show correlation of  Kakadu plum and antibacterial 
activity.[48]

Cellular signaling, control, and cancer formation
The two major pathways involved in cell signaling are dependent 
on protein phosphorylation and the status of  thiol group(s) in 
proteins under redox control of  the cell.[49] The thiol status is 
dependent on redox cascades triggered by oxidative and reductive 
stress experienced by the cell. Therefore, any changes in cellular 
redox environment affects signal transduction, DNA and RNA 
synthesis, protein synthesis, enzyme activation, regulation of  cell 
cycle, ligand binding, DNA binding, and nuclear translocation.[50] 
Studies indicate that transcription factors are active in their reduced 
form and their translocation to the nucleus is redox dependent.
[51] Furthermore, high concentrations of  reduced thiols stimulate 
cellular proliferation (i.e., cellular growth and proliferation is 
consistent with a reducing environment). Conversely, an oxidizing 
environment initiates cell death where prooxidants increase levels 
of  reactive oxygen species inducing apoptosis.[52,53] Antioxidants 
such as GSH and thiol containing proteins (e.g. THX) may act 
as reducing agents and have been reported to prevent apoptosis.
[54,55] Ellagic acid (a known component of  T. ferdinandiana fruit) 
has been shown to induce apoptosis in cancer cell lines as well 
as suppressing angiogenesis (the growth of  new capillary blood 
vessels).[56] Therefore, the redox environment may determine if  a 
cell would proliferate, differentiate, or die.[57]

Regardless of  the significance of  redox-related cell signaling 
processes, the growth and development of  normal cells is 
also regulated by additional growth promoting and inhibiting 
pathways. These pathways may be disrupted by genetic mutation; 
resulting in an aberration of  cellular behavior.[58] Proto-oncogenes 
and tumor suppressor genes are responsible for encoding 
proteins that regulate cell division/cycle and cell programed death 
by apoptosis and repair of  damaged DNA. Mutations within 
specific genes have been implicated in the onset of  cancer.[59] 
These genes code seven vital classes of  proteins: 
• extracellular signaling molecules, 
• signal receptors/intracellular receptors, 
• signal transduction proteins/intracellular transducers, 
• transcription factors, 
• apoptotic proteins, 
• cell cycle control proteins, and 
•  DNA repair proteins that are responsible for controlling cell 

growth and proliferation but it is the mutant forms that are 
cancerous.[59]

Hanahan and Weinberg[59] have proposed that normal cells 
must acquire the following six phenotypes [Figure 2] to become 
malignant: 

• Self-sufficiency in growth signals. 
• Insensitivity to anti-growth signals.
• Limitless replicative potential. 
• Tissue invasion and metastasis. 
• Sustained angiogenesis.
• Evading apoptosis.

Hence cancer cells do not require external inducing signals to 
proliferate, and further fail to recognize signals that restrict 
cell division. In tumor genesis, multiple genes are altered 
and transmitted to daughter cells that are clones. These cells 
escape normal growth restraints and form a tumor, which 
may be benign or malignant. In the Hanahan and Weinberg 
model (summarized in Figure 2), chronological order of  the six 
phenotypes and the mechanism by which these phenotypes are 
acquired may differ in each tumor. Genomic instability provides 
the driving force for acquiring new phenotypes.

Phytochemical studies of  the nutritional value of  T. ferdinandia 
have shown the fruits to be high in important polyphenolic 
antioxidants including ellagic and gallic acids.[26] Pure ellagic and 
gallic acids and their derivatives have previously been shown to 
be antibacterial[60,61] and to have cytotoxic activity toward cancer 
cells while being nontoxic to normal cell lines.[27,28] While the 
mechanism is not completely understood, it is known that ellagic 
acid induces cellular detachment, decreased cell viability, and 
induced apoptosis as measured by DNA strand breaks. It also 
induced alterations in cell cycle arrest.[62] A better understanding 
of  T. ferdinandia phytochemicals (including ellagic acid) and 
the cellular mechanisms involved could lead to the potential 
antitumorigenic treatment.

Cellular proliferation and differentiation
In a multicellular entity, cell proliferation requires high GSH 

Figure 2: Hanahan and Weinberg model: defining six properties 
a tumor acquires.
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levels and low levels of  antioxidant proteins such as SOD, 
GPx, and catalase, favoring a reducing environment.[63,64] The 
redox environment of  the cell has a significant role in cell 
proliferation. Sequential changes in antioxidant profiles suggest 
that GSH levels fluctuate in response to cell cycle progression.[65] 
Low level of  these antioxidants induces cell proliferation while 
high levels inhibit it.[66,67] Therefore, proliferation favors a 
reducing environment while differentiation requires an oxidizing 
environment.[68,69] Thus, ROS could also play a very important 
physiological role as secondary messengers[70] and in maintenance 
of  redox balance. Consumption of  phenolic antioxidants in T. 
ferdinandia fruits could help to reduce the oxidative stress of  the 
cell and the whole organism in total.

Cell death
Oxidizing environments may predispose a cell to apoptosis 
or necrosis depending on the oxidative stimuli provided.[71] 
Moderate lethal oxidative stimuli cause apoptosis whereas severe 
oxidative stress leads to necrosis. Apoptosis requires ATP for 
organized cell death. The stages of  apoptosis are: 
• Initiation—signal is received. 
• Effector phase—signal is integrated and cell fate is decided. 

Irreversible execution phase—digestion of  DNA and protein 
occurs. Furthermore severe oxidative stress depletes energy and 
damages the mitochondrial machinery [Figure 3]. 

Regulated cell death (apoptosis)
Apoptosis is a regulated cell death program that involves 
a mechanism of  cell replacement, tissue remodeling, and 
subsequent removal of  damaged cells.[72,73] Apoptosis is 
characterized by cell shrinkage, chromatin condensation, 
internucleosomal DNA fragmentation, and formation of  
apoptotic bodies.[74,75]

Caspases are central to apoptosis and eliminating caspases 
through mutation or pharmacological inhibitors may slow down 
or block apoptosis.[76] However, antioxidants from plants extracts 
such as T. ferdinandia may also have the potential to enhance 
apoptotic activity in cancer cells by inducing DNA strand breaks 
and cell detachments.

INFLAMMATION, OXIDATIVE STRESS, AND 
CANCER

Pathological diseases that share oxidative stress and affinity 
towards cancer (eg Fanconi anaemia, Xeroderma pigmentosum, 
Ataxia telangiectasia, Bloom Syndrome, Down Syndrome and 
cystic fibrosis) are congenital disorders, where cells display 
evidence of  increased inflammation [Table 1]. The affected 
individuals show an increased incidence of  cancer[77] and 
chromosome instability is also a common feature of  the first 
four disorders in Table 1.[78] This suggests that increased oxidative 
stress may contribute to development of  genetic instability (ie. a 
mutant phenotype that is a hallmark of  cancer cells).

The continuous production of  oxidants at the site of  chronic 
inflammation may induce cancer by excessive production 
of  neutrophils, eosinophils and macrophages. Cancer is 
characterised by a reducing environment of  the cell and can be 
considered as a disturbed balance between cell proliferation and 
cell death, shifted greatly towards cell proliferation. Anticancer 
agents such as antioxidants play a vital role in restoring the redox 
balance of  cells. Redox balance in cancer cells is impaired in 
comparison to normal cells, which may be related to oncogenic 
stimulation [Figure 4]. Altered levels of  antioxidant enzymes 
(SOD, catalase, glutathione peroxidase) and non-enzymatic 
antioxidants (GSH, Vitamin C, thioredoxin) along with changes 
in the related signal pathways, are evident in many human 
cancers. [89] Detailed studies into the phenolic phytochemical 
components of  the T.ferdinandiana could provide solutions to 
many medical problems.

Therapeutic approach to cancer
Currently used anti-cancer agents (eg. doxorubicin, daunorubicin, 
mitomycin C, etoposide, cisplatin, arsenic trioxide, ionising 
radiation, photodynamic therapy) depend at least partially on 
the production of  ROS for cytotoxicity. Sensitivity of  tumour 
cells to oxidative stress and/or apoptosis may affect treatment 
success (Davis, 2001). Studies indicate that WEH17.2 mouse 
thymoma cells over expressing catalase (CAT38) or thioredoxin 
(THX) are resistant to glucocorticoid-induced apoptosis in 
vitro. This suggests that glucocorticoid-induced apoptosis 
occurs by a ROS dependant/independent mechanism. Average 
tumour weights increased in SCID mouse tumour xenografts 

Figure 3: Phases of apoptosis

Figure 4: General overview of reactive oxygen species and effect on 
the cellular mechanism.
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from cells over-expressing catalase or thioredoxin. Tumours 
from both transfectants contained fewer apoptotic cells but 
mitotic cell numbers were similar. This suggests that antioxidant 
over-expression results in increased tumour size due to a 
decrease in apoptosis.[78] In contrast, the effects of  the ellagic 
acid, inhibiting the growth of  the cervical carcinoma[90] and 
neuroblastoma cells[62] are dose dependent. Reducing antioxidant 
levels increases cancer cell viability. In summary, carcinogenesis 
resulting from inflammation induced by oxidative stress leads 
to genetic instability that causes the emergence of  new tumour 
phenotypes. In such populations, decrease in apoptosis, increase 
in tumour growth and subsequent tumour progression are 
observable. [62,90] Ellagic acid induces detachment, proliferation 
inhibition, apoptosis and cell cycle alterations in cancer and 
neuroblastoma cell lines in vitro.[62] Therefore extracts containing 
ellagic acid (such as T. ferdinandia fruit extracts) have potential 
as chemotherapeutic agents for cancer treatment/prevention.

CONCLUSION

Cancer is a major public health burden, both in developed 
and developing countries. Plant derived agents such as taxol, 
vinblastine, vincristine, and the camptothecin derivatives 
topotecan and irinotecan and etoposide (derived from 
epipodophyllotoxin) are in clinical use globally[91] for the 
treatment of  cancer. With regard to previous phytochemical 
studies,[11,12] it is surprising that the chemotherapeutic potential 
of  T. ferdinandiana remains largely unexamined. Although T. 
ferdinandiana fruit extracts are not yet fully characterised due 
to difficulties in separating some components, high levels of  
antioxidant molecules have been reported. Apart from the high 
ascorbic, gallic and ellagic acid levels previously discussed, T. 
ferdinandiana fruit also contains high levels of  other phenolic 
compounds which have therapeutic potential that is not just 
limited to cancer treatment. Polar T. ferdinandiana fruit extracts 
contains nearly 5 fold higher levels of  antioxidants than in 
blueberries.[11] Most of  the studies regarding this plant report 
solely on the vitamin C level and the total antioxidant capacity 
without, examining medicinally important bioactivities. The 

current review highlights the chemotherapeutic potential of  the 
phytochemicals of  T. ferdinandiana. In particular, this manuscript 
describes the potential of  this plant in treatment for disorders 
related to cellular redox control (eg cellular proliferation, 
inflammation, cancer, diabetes, obesity, cardiovascular and 
neurodegenerative diseases).
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2.2.1 Abstract 

The Winteraceae are a family of flowering plants that comprises five genera and include 

approximately 130 species of trees and shrubs that are most commonly found in the 

southern hemisphere ranging from Eastern Australia, Madagascar, Malaysia, New Zealand, 

Oceania and South America. The Winteraceae’s species richness is a result of a complex 

geological history which can be traced back to its Gondwanan origin. There is still some 

debate about the taxonomic relationships within the family. Many species from the 

Winteraceae have been used as medicines and condiments by indigenous people across 

the geographic range of the family. The ethnopharmacological use of plants within the 

family includes treatments for digestive disorders, toothaches, general purpose pain relief, 

inflammation, fever, skin infections and scurvy. In some instances the plants have even 

been used for their narcotics effect in both religious and social context. Many species have 

also been used as a pepper substitutes in food preparation because of the pungency of 

some of the chemicals present in various plant tissues, e.g. Tasmannia lanceolata. 

Drimane sesquiterpene 1,4-dialdehydes such as polygodial and its derivatives have been 

shown to be characteristic phytochemicals present in the majority of species studied and 

these compounds are directly responsible for the observed pungency. The family has been 

shown to be a rich source of the essential oils with complex mixtures of monoterpenes, 

sesquiterpenes and phenylpropanes occurring in leaf, stem and bark steam distillates. 

Aromadendrane sesquiterpenes are particularly abundant in the essential oils. A 

chemotaxonomic feature of the family is the presence of various drimanes sesquiterpenes 

in almost all species that have been chemically investigated. In addition flavonoids such as 

quercetin have been commonly found in the family, while aryl-3-tetralones have 



30 

 

exclusively been reported in the genus Zygogynum; the only genus so far to be reported to 

contain alkaloids. Therefore, aryl-3-tetralones could be a reliable taxonomic marker 

resulting in its potential use as an additional tool to assign species to this disputed and 

much debated genus. 

Antimicrobial, anti-inflammatory, antinociceptive, insecticidal, insect repellent and 

anticancer activity have been reported for many of the compounds isolated from plants 

within the Winteraceae. Only a small fraction (< 10%) of the families total species diversity 

have been chemically and/or biologically evaluated and current analysis of the literature 

suggests that significant value would be gained by a more comprehensive chemical and 

biologically evaluation of other species within the family. In particular, species from 

Australia are poorly studied whereas species from Melanesia and South East Asia are 

largely undescribed and have not been chemically evaluated. In addition chemical studies 

of Australian and New Guinean Zygogynum (Bubbia) species could help to resolve an 

ongoing taxonomic debate regarding the genus Zygogynum; a number of botanists have 

published conflicting classification schemes for this genus. This review summarises the 

latest state of knowledge regarding the taxonomy, ethnopharmacology, chemistry and 

biological activity of the Winteraceae plants and their chemicals. It includes 

comprehensive lists of ethnobotanical uses of extracts and natural products that have 

been reported and biological activities of these isolated compounds from the Winteraceae 

species. It draws some conclusions about where future chemical and bioactivity studies 

should be directed as well as discusses the rich diversity and biological activity of drimane 

sesquiterpenes that have so far been reported from the family. This suggests that 

additional studies specifically directed at the identification and biological evaluation of 
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novel drimane sesquiterpenes from other species within the family would be beneficial. 

Aryl-3-tetralones have recently been demonstrated to possess anticancer activity and a 

comprehensive evaluation of Zygogynum species from Melanesia is likely to yield related 

compounds which could expand the structure activity relationship (SAR) around this 

structure class.  

KEYWORDS: Winteraceae, drimanes, phenyl-3-tetralone, bioactivity, ethnopharmacology. 

 

2.2.2 Introduction 

This review covers the literature relating to the chemistry, ethnopharmacology and 

biological activity of extracts and compounds derived from plants belonging to the family 

Winteraceae. Although a few reviews have reported on selected chemical classes or the 

chemotaxonomic relationships within selected genera within the Winteraceae, no 

comprehensive review of the family exists in the literature. Three reviews have reported 

on the distribution and diversity of drimane sesquiterpenes (a prominent structure class 

present in Winteraceae species). The first two reviews by Jansen and de Groot (Jansen 

1993, Jansen and de Groot 2004) are excellent compendia of the chemistry, synthesis and 

biological activity of drimane sesquiterpenes reported in the literature before January 

2003 and so this review will not aim to duplicate the detail of the biological activity 

reported. The third review Asakawa, Ludwiczuk et al. (2012) only reported on the 

chemistry of drimane sesquiterpenes from liverworts, ferns and the angiosperm families 

Polygonaceae, Canellaceae and Winteraceae however it was by no means comprehensive. 

The taxonomy of the Winteraceae has also been the subject of several revisions and this 



32 

 

may have created some confusion regarding the chemistry associated with specific genera 

and species. This review will summarise the current state of knowledge relating to the 

taxonomy of the family.  

Plants have evolved to produce an enormous variety of chemically complex, biologically 

active compounds. These compounds act as the plants major defensive mechanism 

against all threats and forms of competition and can be exploited as a novel source of 

medicinal, industrial and commercially useful compounds (Cowan 1999). These natural 

products have no apparent roles in primary plant growth or development processes, are 

often unique to plants from a single species and increase during times of high stress such 

as drought, fire and bacterial infection (Taiz and Zeiger 2006). Many of these compounds 

exhibit antimicrobial, antioxidant, cytotoxic and other medicinally useful properties 

(Cowan 1999, Taiz and Zeiger 2006, Allouche, Morleo et al. 2008, Allouche, Apel et al. 

2009). These activities can be attributed to the presence of a variety of phytochemical 

constituents which can be divided into chemically distinct groups e.g. terpenes, phenolics, 

saponins and nitrogen containing compounds (alkaloids). There has been sustained 

interest in the discovery of biologically active natural products from plants as new agents 

for controlling diseases in humans and plants because it is believed they are more 

sustainable than synthetic products (Smid and Gorris 1999, Cordell 2014). In addition, the 

proportion of synthetic compounds that have been developed into treatments for 

infectious diseases are low in comparison to natural products (Newman, Cragg et al. 

2003). It is estimated that over 120 plants based prescription products from over 90 plants 

sources are currently marketed worldwide and an additional 100 plant derived 

compounds are currently being developed as new medicines (Cordell 2014). The majority 
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of these compounds are produced by plants occurring in the “old world” where 

historically more extensive analysis of plant based products has been undertaken. There is 

however, great potential to find new bioactive molecules from “new world” plants since 

family, genus and species diversity within plants is more highly concentrated in southern 

hemisphere ecosystems (Bailey 1944, Smith 1969, Vink 1970, Trinta and Santos 1997, 

Guymer 2007, Govaerts, Dransfield et al. 2015).  

 

2.2.3 Gondwana 

Gondwana is the name given to the southern supercontinent that comprised the current 

major landmasses of Africa, Antarctica, Australia, India, Madagascar, and South America 

up until about 184 million years ago. Based on paleontological and geological evidence 

and the distribution of specific plants lineages in the southern hemisphere, it has been 

suggested that differentiation of many plant groups occurred within Gondwana before its 

break up when today’s southern continents drifted apart (Anderson, Anderson et al. 1999, 

McLoughlin 2001). Four key angiosperm families that characterize this southern 

biogeography on a large scale are the Winteraceae, Northofagaceae, Proteaceae and 

Asteraceae (Ehrendorfer, Krendl et al. 1968, Anderson, Anderson et al. 1999). Two of 

these families, the Winteraceae and Proteaceae, are still mainly confined to the southern 

hemisphere, while the Proteaceae is a distinct feature of Southern African, Australian and 

South American flora. The Winteraceae disappeared from the fossil record in Africa 

approximately 24 million years ago but maintains species richness in Southern America, 

Melanesia and Australasia (Hoot and Douglas 1998, Feild, Zwieniecki et al. 2000, 
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McLoughlin 2001). The Winteraceae is one of the first living members of the “lower” 

Magnolidae to occur in the Australian fossil pollen record (Suh, Thien et al. 1993, Feild, 

Zwieniecki et al. 2000).  

2.2.3.1 Winteraceae: Taxonomy and Biodiversity 

The Winteraceae are classified as dicotyledon angiosperms. It, along with its sister family, 

the Canellaceae, belongs to the “lower” Magnolidae order the Canellales. ((APG) 2003) 

Floristic characteristics of the family include plants with a woody trunk and a vessel-less 

xylem. The plants are insect pollinated and are either actinomorphic, bisexual or dioecious 

trees or shrubs possessing exstipulate leaves, terminal flowers and seeds that are 

abundant in the endosperm (Guymer 2007). Although the name Winteraceae is suggestive 

of the wet, cool conditions that is the preferred habitat for the majority of species within 

the family, the family is actually named after Captain John Winter who in the late 14
th

 

century, while on an expedition with Sir Francis Drake to circumnavigate the world, used 

the bark of Drimys winteri (Winter’s bark), collected from coastal forests in Chile, as a 

herbal medicine to treat scurvy when his boat was caught in storms near Cape Horn in 

South America (Houghton and Manby 1985). The Winteraceae was first described by 

Lindley (1836) but there is still debate over the total number of genera present within the 

family. Mabberley (2008) suggested that the Winteraceae consisted of four genera, while 

Smith (1969) extended this figure to seven which comprised of Bubbia, Drimys, 

Exospermum, Pseudowintera, Takhtajania, Tasmannia and Zygogynum. Vink (1970) 

treated the genus Zygogynum in a very broad sense, including the genera Tetrathalamus, 

Exospermum, Belliolum and Bubbia into Zygogynum rather than as specific genera. Smith 

(1969) and Vink (1970) also suggested that Tasmannia be included in the genus Drimys. 
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Molecular studies by Doust and Drinnan (2004) however, support the separation of 

Drimys and Tasmannia. Molecular analysis of a limited number of samples by Suh, Thien 

et al. (1993) indicated that Zygogynum was polyphyletic and based upon this Guymer 

(2007) concluded in 2007 that the Winteraceae was represented by nine genera 

(reinstating Bubbia, Exospermum, Belliolum and Tetrathalumus) and 130 species. In 2009 

Marquinez et al (2009) used nuclear (ITS) and plastid (rpS16 and psbA-trnH) sequence 

data to study lineages within the Winteraceae and concluded that Takhtajania sits in a 

basal position from which Tasmannia diverged first followed by the sister genera Drimys, 

Pseudowintera and Zygogynum. They also concluded that Zygogynum should include 

species previously assigned to Exospermum, Belliolum and Bubbia although this was based 

exclusively on sequence data from New Caledonian species. Further molecular evidence 

using samples from Australia and New Caledonia has identified two sister clades within 

Zygogynum. One clade includes the four Australian Bubbia species and one New 

Caledonian species; Z. schlechteri and the other clade contains all of the remaining New 

Caledonian Zygogynum species (Pratt 2013). Zygogynum species from New Guinea, 

Indonesia or the Solomon Island have not been the subject of molecular studies so there is 

still a lack of comprehensive evidence to clarify taxonomic uncertainty within the genus 

Zygogynum. However, based upon the latest evidence this review uses the taxonomic 

groupings of Takhtajania, Tasmannia, Drimys, Pseudowintera and Zygogynum but will 

differentiate between studies carried out on the two Zygogynum clades (Zygogynum s.l. 

and Bubbia). Takhtajania is monospecific and restricted to Madagascar. The species, T. 

perrieri, was first classified based upon analysis of a single specimen collected in 1909. It 

was not until a grove of the plant was found in 1994, at a location 150 km from the first 
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collection, that material was available for molecular studies which confirmed its 

relationship to other Winteraceae species (Schatz, Lowry et al. 1998). Pseudowintera 

contains fours species and is restricted to New Zealand (Heenan and De Lange 2006). 

Drimys contains seven species and is the only genus present in central and South America 

(Vink 1970). New Caledonian Zygogynum species are represented by 19 species, 14 

subspecies and five varieties (Pratt 2013). Additional Zygogynum species (both 

Zygogynum s.l. and Bubbia) currently include 30-33 species occurring in Australia (four 

species and one subspecies of Bubbia) and Melanesia, while Tasmannia has 40-50 species 

in Australia (eight described species), Melanesia, Philippines, Borneo and Indonesia (Bailey 

1944, Smith 1969, Vink 1970, Curtis and Morris 1975, Feild, Zwieniecki et al. 2000, Guymer 

2007). Molecular data also suggested that Tasmannia species were likely to have diverged 

from the rest of the Winteraceae genera around 78-92 million years ago, prior to the 

separation of New Caledonia and New Zealand from Gondwana (Doust and Drinnan 2004). 

Drimys, Pseudowintera and Zygogynum all share a common Gondwanan ancestor and the 

Australian/New Guinean Zygogynum species probably dispersed west and north from 

New Caledonia (Ehrendorfer, Krendl et al. 1968, Pratt 2013).  

2.2.3.2 Traditional uses of the Winteraceae  

Many species from the Winteraceae have been used as traditional medicines by 

indigenous inhabitants and more recently as herbal medicines by the wider community 

(Table 2.1). 
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Table 2.1: Traditional uses reported for various Winteraceae species. 

Scientific Name Plant Parts Traditional Uses Location  Reference 

Drimys winteri Leaves Analgesic and anti-inflammatory medications. Chile (Corrêa 1984, 

Houghton and Manby 

1985, Muñoz, Montes 

et al. 2001) 

Drimys winteri Leaves, rinds, 

bark and whole 

plant 

Infusion of leaves as an intoxicating narcotic, used for dulling 

birth pains, stomach-aches and also as a vermifuge. Infusion 

of bark treating scurvy, toothaches and cancers.  

 

Plant burnt to fumigate for treatment of boils and ulcers, treat 

warts. 

Antifungal and stop leucorrhoea. 

Chile Mapuche 

Indians 

(Houghton and Manby 

1985) 

 

 

(Fenner, Betti et al. 

2006) 

Drimys brasiliensis  Ulcer, cancer, pains, infection of respiratory tract and as 

substitute for quinine in treating malaria and other fever 

conditions. 

 

Analgesic and anti-inflammatory, antiscorbutic, stimulant, 

antispasmodic, antidiarrhoeal, antipyretic and antibacterial to 

treat asthma and bronchitis. It also has insecticidal properties. 

Brazil (Almeida 1993, da 

Cunha, Fröde et al. 

2001) 

 

(Trinta and Santos 

1997) 

Drimys angustifolia  Antiscorbutic, stimulant, antispasmodic, antidiarrhoeal, 

antipyretic and antibacterial, treat asthma and bronchitis and 

it has insecticidal properties. 

 

The stem bark and leaves of this plant are used in Brazil as a 

stimulant /tonic and are employed against abdominal pain, 

diarrhoea, inflammation and gastric disorders. Traditional use 

of this plant is based on oral administration of a decoction 

prepared from 10 g of dry and pulverized leaves, stem or bark 

in approximately 200 ml of water. The traditional preparation 

is consumed twice (2x 10 g/day) until reduction of symptoms. 

Brazil (Corrêa 1984) 

 

 

 

(Matos 1989) 
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Table 2.1: (Contd)     

Drimys granadensis  Intoxicating narcotic to treat several ailments such as pains, 

scurvy, gastrointestinal disorders, toothaches, cancers, 

diarrhoea, inflammations, affections of the respiratory tract 

and as a substitute for quinine in treating malaria and other 

fever conditions. 

Columbia (Gupta 1995) 

Tasmannia (syn Drimys) 

beccariana 

 Tasmannia becariana (akuai) has become a very popular 

medicinal plant in Minyambouw area and its surroundings. 

The stem-bark of this species is normally used by the 

indigenous people, especially the Hatam tribe, as a tonic. In 

general, the bark is chewed or it can be prepared as a 

decoction to drink to strengthen people and to provide energy 

for long distance travel. 

New Guinea (Lense 2012) 

Pseudowintera colorata Leaves Used by Māori and European settlers for a variety of ailments, 

including toothache (by chewing) and skin diseases (by 

external application). 

Treatment of skin diseases, oral thrush, diarrhoea and 

analgesic (European settlers). 

New Zealand (Kirk 1889, Riley and 

Enting 1994) 

Pseudowintera axillaris Leaves Skin treatment, venereal disease, stomach ache and 

toothache (by chewing the leaves). 

New Zealand (Pomare 1903, Allan 

1961, Heenan and De 

Lange 2006) 

Zygogynum (syn 

Belliolum/Bubbia)  

haplopus 

 Diseased spots on skin of pigs. Solomon Islands (Perry and Metzger 

1980) 

Bubbia sp (syn 

Zygogynum sp) 

Decoction of 

leaves and bark 

Oral administration of decoction used to treat aches and 

pains, cough, arthritis and dyspnea. 

New Guinea 

 

(Jorim, Korape et al. 

2012) 

Bubbia sp (syn 

Zygogynum sp) 

Bark Smoked with tobacco to produce dream like state during 

healing rituals. 

New Guinea (Thomas 2000) 

Tasmannia insipida Leaves and fruit Culinary. Australia (Cribb, Cribb et al. 

1974) 
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Table 2.1: (Contd) 

Tasmannia piperita Leaves Malaria and strong cough. Eastern 

Highlands New 

Guinea 

 

(Jorim, Korape et al. 

2012) 

Tasmannia piperita Plant Exorcism of sickness. Yali (West 

Papua) 

(Milliken 1994) 

Tasmannia piperita Dried fruit 

and decoction 

of leaves 

Used to counter diarrhoea, stomach disorders and remedy 

cough and cold. 

Philippines (Pladio and Villaseñor 

2004, Cepeda 2010) 

Tasmannia piperita Leaves Malaria and vitality. West Papua 

(Manokwari) 

(Cepeda, Santoso et al. 

2011) 

Tasmannia lanceolata Fruit, leaves and 

bark 

Treat scurvy, wart and skin conditions, culinary use and 

abortifacient. 

Australia (Maiden 1889, Ewart 

1930) 



40 

 

The most extensively documented traditional uses relate to Drimys species from South 

America. The Mapuche Indians from Chile consider D. winteri to be a sacred plant and 

have used it to treat stomach/abdominal pain, gastric disorders, diarrhoea, inflammation 

(Rodríguez, Matthei et al. 1983, Corrêa 1984, Retamar 1986), toothache, tumours 

(Houghton and Manby 1985) and a range of fungal or bacterial skin infections and wound 

infection (Barrero, Herrador et al. 2000, Svetaz, Zuljan et al. 2010). The bark of D. winteri 

(Winter’s bark) was also used to treat scurvy by European mariners for many centuries. 

Although the literature reports on the medicinal use of D. winteri in Brazil, this plants 

distribution is restricted to Chile and Argentina and so these reports are likely to be 

related to the use of either or both of the Brazilian species D. brasiliensis and D. 

angustifolia. Decoctions made from stem bark and leaves of D. angustifolia are taken 

orally as a stimulant and a tonic for the treatment of inflammatory diseases in addition to 

gastric disorders including abdominal pain and diarrhoea (Corrêa 1984). In addition 

decoctions from both D. angustifolia and D. brasiliensis have been used as an analgesic, to 

treat ulcers, cancer, asthma, bronchitis, as an antipyretic to reduce fevers caused by 

malaria and other conditions as well as an antispasmodic (Matos 1989). D. granadensis 

from Colombia has been used as an intoxicating narcotic (Gupta 1995), but it has also 

been used in a similar fashion to both D. brasiliensis and D. augustifolia to treat the same 

list of conditions with the addition of scurvy (Corrêa 1984, Almeida 1993, Trinta and 

Santos 1997). In Mexico the stems are also chewed by farm workers to stave off hunger 

and to disinfect the mouth (Houghton and Manby 1985).    

The Maori from New Zealand also developed medicines derived from Winteraceae 

species. Decoctions from the leaves of Peudowintera colorata, a New Zealand shrub, were 
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used by Maori people as a cure for skin disease, venereal disease and stomach ache, while 

the leaves were chewed to relieve toothache (Kirk 1889, Salmon 1980). The leaves were 

also used to eliminate oral thrush, as an analgesic and to treat diarrhoea (Riley and Enting 

1994). Commercial skin creams (Kolorex Intimate Care cream) contain P. colorata extract 

as one of the active ingredients to treat fungal (Candida) infections. The bark of 

Peudowintera axillaris was used by pioneering New Zealand settlers as a quinine 

substitute, while the sap was used for treating skin disease (Salmon 1980).  

Several Zygogynum species from Melanesia have traditional uses. The pounded leaves of 

Zygogynum haplopus (syn Bubbia/Belliolum) are used in the Solomon Islands to treat 

“diseased spots” on the skins of pigs (Perry and Metzger 1980). Decoctions of the leaf and 

bark of a Zygogynum (syn Bubbia) species in New Guinea have been used to treat coughs, 

arthritis, as an analgesic and to alleviate shortness of breath symptoms (Jorim, Korape et 

al. 2012). The bark of another Zygogynum (syn Bubbia) species also from New Guinea is 

smoked with tobacco to produce a dreamlike state during healing rituals (Thomas 2000). 

No evidence has been put forward to date indicating that Zygogynum species from New 

Caledonia were traditionally used. 

Tasmannia piperita (Drimys) is used by indigenous communities in Papua New Guinea, 

West Papua and on the island of Mindinoa in the Philippines (Cepeda 2010, Jorim, Korape 

et al. 2012, Lense 2012). In the eastern highlands of Papua New Guinea and the 

Manokwari region of West Papua the leaves of T. piperita are used to treat malaria, strong 

coughs and for vitality, while the Yali people of West Papua use the plant to exorcise 

sickness (Cepeda, Santoso et al. 2011, Jorim, Korape et al. 2012). Dried fruit and 
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decoctions of the leaves of T. piperita are used by the indigenous people from the 

Kitanglad Range region of Mindanao in the Philippines to treat stomach disorders, 

diarrhoea and as a cough and cold remedy (Cepeda 2010, Cepeda, Santoso et al. 2011). 

The stem bark of T. beccariana is chewed or made into a decoction by the Hatam tribe 

from the Minyambouw region of New Guinea to produce a tonic to strengthen people for 

long distance travel (Lense 2012). In Australia, Tasmannia species were taken as an 

abortifacient (Perry and Metzger 1980). There is also evidence that Indigenous Australians 

used an infusion of the bark of one species of Tasmannia in the treatment of warts. 

Colonial settlers in Australia also used Tasmannia spp. to treat scurvy (Ewart 1930), as an 

alternative for winter’s bark, pepper substitute and to help stomach metabolism (Maiden 

1889).  

Another significant and consistent characteristic trait of many species is their pungency 

and this has led many species to have culinary uses. Indeed the name Drimys comes from 

Greek and means pungent. In Argentina and Chile the bark of D. winteri and in Brazil the 

bark of D. brasiliensis have been used as a pepper substitute and aromatic for culinary use 

(Mariot, Mantovani et al. 2014). In Mexico the stems of D. granadensis are peeled and 

eaten raw with a meal and the inner stem is also ground to make flat cakes which are 

eaten with tortillas (Ferreto, Cicció-Alberti et al. 1988). The plant has a pepper taste 

similar to chilli but is also numbing. In New Zealand P. colorata (Horopito) leaves have 

been used as a condiment and the plant is burnt to produce smoke to cure food (Corbett 

and Speden 1958). The leaves and the smoke it produces also impart a peppery flavour.  
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In Australia the leaves and berries of T. lanceolata are used as “bush foods” and are 

commonly found in gourmet food stores, restaurants and also as a cheese flavouring 

agent. Both plant parts have a characteristic peppery flavour. Extracts from the leaves and 

fruit have also been developed as a peppery additive to chewing gum in Japan (Menary 

2003). The fruits and leaves of T. stipitata have been reported to be even more peppery 

than T. lanceolata (Southwell and Brophy 1992, Hegarty, Hegarty et al. 2001). In the 

Philippines the fruit of T. piperita is also reported to have a bitter and pungent taste 

(Jorim, Korape et al. 2012, Lense 2012). From the above summary there is commonality in 

the traditional medical uses of Winteraceae plants by indigenous communities, 

throughout the geographic range of the family. Their use to treat stomach and respiratory 

disorders, pain, fever, skin infections and to a lesser extent, use as a narcotic are 

widespread.   

 

2.2.4 Biological activity of extracts derived from Winteraceae species 

In response to the rich and varied application of Winteraceae plant preparations in 

ethnopharmacology, researchers have tested extracts derived from these species for a 

variety of applications. This section provides a summary of these studies. 

2.2.4.1 Biological activity of extracts derived from Drimys species 

An aqueous ethanol extract from the bark of D. winteri has been shown to antagonize the 

effects of several mediators such as histamine, acetylcholine, neurokinins involved in 

asthma and allergic reactions in guinea-pig trachea (El Sayah, Filho et al. 1997). In a 

parallel study the aqueous ethanol extract of D. winteri bark was also shown to be 
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antiallergic (Tratsk, Campos et al. 1997) while Mendes, Santos et al. (1998) showed that a 

bark aqueous ethanol extract showed antihyperalgesic activity. D. winteri bark essential oil 

is renowned for its antiscorbutic, antirheumatic, diuretic, analgesic, antiallergic, and 

antitumor activity (Cruz, Silva et al. 1973, Houghton and Manby 1985, Hoffmann, Farga et 

al. 1992, El Sayah, Filho et al. 1997, Tratsk, Campos et al. 1997, Cechinel Filho, Schlemper 

et al. 1998, Mendes, Santos et al. 1998). A hexane extract of the bark of D. winteri inhibits 

the settling of the pest aphid Nasonovia ribisnigri on lettuce leaves (Zapata, Vargas et al. 

2010). The essential oils isolated from the leaves of D. winteri weakly inhibit the 

germination of the tropical weed Portulaca oleracea (Verdeguer, Garcia-Rellan et al. 

2011). The leaf essential oils of D. winteri have also been shown to kill phytopathogenic 

fungi such Aspergillus niger, Fusarium oxysporum, Rhizopus arrhizus, Botritis cinerea 

(Becerra, Bittner et al. 2010). The hexane extract and essential oils of the bark of D. 

winteri also show antifungal activity against the soil fungus Gaeumannomyces graminis, 

which affects the growth of wheat (Triticum aestivum L.) (Monsálvez, Zapata et al. 2010). 

The essential oil from the bark and leaves of D. winteri have exhibited repellent activity 

against the red flour beetle, Tribolium castaneum which is an insect pest of stored 

produce (Zapata and Smagghe 2010). Drimy brasiliensis, endemic to Brazil has been 

suggested to have good potential as an anti-inflammatory agent (Oliveira, Yamada et al. 

2012). A hexane extract from bark of D. brasiliensis displayed antiparasitic activity against 

Leishmania spp. in the range between 22 and 62 μg/mL (Corrêa, Tempone et al. 2011). 

Chloroform and methanol extracts from the stem bark, branches and leaves of D. 

brasiliensis also showed leishmanicidal and antimalarial activity (Claudino, Silva et al. 

2013). The essential oils of D. brasiliensis and D. angustifolia exhibited repellence to 
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drywood termite Cryptotermes brevis (Isoptera: Kalotermitidae). The essential oil of D. 

angustifolia killed the termites but the essential oil of D. brasiliensis did not cause any 

death of termites (Gomes, Dorneles et al. 2014). D. brasiliensis bark chloroform extract 

inhibited the food spoilage bacteria B. cereus, while a semi purified fraction was active 

against S. aureus. The dichloromethane (DCM) extract of D. brasiliensis was active against 

the gut bacteria Helicobacter pylori which are responsible for gastric ulcers. This DCM 

extract however showed toxicity in a Artemia salina assay (Silveira, Claudino et al. 2012). 

Essential oils derived from the stem bark and leaves of D. brasiliensis showed significant 

anti-inflammatory and antinociceptive activity (Limberger, Scopel et al. 2007). D. 

angustifolia stem and bark ethanol extracts showed antiulcer activity which was reported 

to be associated with reduced oxidative stress. The same extracts did not show any  anti-

inflammatory or pain relieving activities (Witaicenis, Roldão et al. 2007). The essential oils 

derived from leaf and branch of D. angustifolia collected from southern Brazil were active 

against B. cereus (Santos, Dognini et al. 2013). The essential oils from both D. brasiliensis 

and D. angustifolia are cytotoxic against human glioblastoma (U-138 MG) and human 

bladder carcinoma (T24) cell lines (Gomes, Schuh et al. 2013). D. granadensis leaf essential 

oil was shown to be active against a panel of eight gram-positive bacteria (Gaviria, Quijano 

et al. 2011).  

2.2.4.2 Biological activity of extract derived from Pseudowintera species  

Leaf extracts from P. colorata showed insecticidal and antifeedant activity against the 

webbing clothes moth, Tineola bisselliella and against the Australian carpet beetle, 

Anthrenocerus australis. In some parts of the world P. colorata extract is used as a skin 

lightening agent and in various cosmetics (Murase and Oba 2014). 
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2.2.4.3 Biological activity of extract derived from Zygogynum species  

Extracts from various Zygogynum species have been reported to possess anticancer 

activity (Allouche, Morleo et al. 2008, Allouche, Apel et al. 2009, Devkota, Covell et al. 

2013). The activity associated with these extracts has been shown to be attributed to 

various drimane terpenes and phenyl-3-tetralones and this activity will be summarized 

below in the section relating to the biological activity of purified compounds.  

2.2.4.4 Biological activity of extract derived from Tasmannia species  

The berries of T. lanceolata are known to contain high concentrations of antioxidant 

phenols and the highest levels of anthocyanins (cyanidin 3-glucoside, cyanidin 3-

rutinoside) among the twelve Australian native plants with high antioxidant content 

analyzed (Netzel, Netzel et al. 2006, Netzel, Netzel et al. 2007). This suggested that fruit 

extracts could be used as a potential treatment for oxidative stress related diseases. Leaf 

acidified methanol extracts inhibit the enzyme α-glucosidase and hence could be 

antidiabetic (Sakulnarmrat and Konczak 2012). T. lanceolata leaf extracts also show 

anticancer activity against promyelocytic leukemia (HL-60) and colon adenocarcinoma 

(HT-29) cell lines as well as cytoprotective effects on hepatocellular lines (Sakulnarmrat, 

Fenech et al. 2013). T. stipitata leaf essential oil using fatty acid ester extracts has 

pesticidal activity such as against anthropod (Erskine 2005) whereas ethanol extracts from 

the leaves, stem and berries of  T. stipitata aids to enhance insecticidal activity of 

petroleum, vegetable and fish oil  on a variety of insects or pest that occur on plants 

(Milgate, Basta et al. 2001). A T. lanceolata extract acts as a gastro-protectant by aiding in 

the mucus and alkaline secretion in ethanol induced mice (Zayachkivska, Konturek et al. 
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2005). An extract from T. lanceolata was also used as a starting point for under water 

biofouling control agent (Eto 2000). T. lanceolata leaf water, hexane and ethanol extracts 

had antimicrobial effect against food borne microorganism such as Escherichia coli, 

Salmonella enterica typhimurium, Listeria monocytogenes and Staphylococcus aureus 

(Weerakkody, Caffin et al. 2010). The leaf extracts are also known to treat skin conditions 

via a topical application (Faller, Gan et al. 2008) and have also been patented as an 

antiulcer agent (Murakami, Nakano et al. 2003). The Rural Industries Research and 

Development Corporation (an Australian government organization) has conducted 

preliminary research on the antioxidant content and antimicrobial effect of the nineteen 

native bush foods against eleven pathogenic, seven food spoilage bacteria and nine 

spoilage yeasts. T. lanceolata fruits and berries extracts showed strong broad spectrum 

antimicrobial activity, inhibiting seven out of the nine spoilage yeast (Zhao and Agboola 

2007). The hexane, methanol, water extracts of both the fruits and leaves showed good 

antimicrobial activity on strains such as Aeromonas hydrophilia, Bacillus cereus, 

Clostridium perfringens, Listeria monocytogenes, Staphylococcus aureus, Bacillus subtilis, 

Pseudomonas aeruginosa, Candida albicans and  Schizosaccharomyces octosporus (Zhao 

and Agboola 2007).  
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2.2.5 Phytochemistry within Winteraceae species 

The chemistry of the genus Takhtajania has not been studied. Whereas chemical 

investigations of species from the Bubbia clade of the genus Zygogynum have been 

limited to only a few studies on the flavonoid and essential oil chemistry from the leaves 

of several described and undescribed species. The majority of phytochemical analyses 

within the family have focused on the genera Drimys, Zygogynum, Pseudowintera and to a 

limited extent, Tasmannia. These studies have demonstrated that Winteraceae plants 

produce a variety of secondary metabolites including mono and sesquiterpenes, 

phenylpropanoids, flavanoids, anthocyanins, alkaloids and stilbenoids (Cechinel Filho, 

Schlemper et al. 1998, Mecchi and Lago 2013). Many studies have focused on the 

essential oils present in the leaves, wood or fruits of this species, including cadenane, 

eudesmane, and aromadendrane sequiterpenes as well as monoterpenes such as 1,8-

cineole (1), terpinene-4-ol (2), α-Pinene (3), β-pinene (4), sabinene (5), myrcene (6), α-

terpinene (7), α-phellandrene (8), γ-terpenine (9), linalool (10), π-cymene (11) and 

limonene (12) being repeatedly identified (see Figure 2.2 for chemical structure). The 

peppery taste of many species has been shown to be associated with sesquiterpene 

dialdehydes such as polygodial and some studies have even suggested that sesquiterpenes 

dialdehydes could be good taxonomic markers within the family (Wayman, de Lange et al. 

2010). 
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Figure 2.1: The major monoterpenes present in essential oils of Winteraceae species. 
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Figure 2.2: The major sesquiterpenes present in the essential oils of Winteraceae 

species. 

 

 

 

Figure 2.3: The major phenylpropanes present in the essential oils of Winteraceae 

species. 
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Figure 2.4: The major diterpenes present in the essential oils of Winteraceae species. 

 

2.2.5.1 Drimys Chemistry  

By far the most widely studied genus is Drimys. Drawing upon the knowledge obtained 

from their traditional uses, researchers have investigated the chemicals present within 

various plant parts from several species. D. winteri from Chile and Argentina has been the 

subject of many phytochemical investigations and over 75 natural products have been 

reported. Essential oils from leaf, bark and fruit samples of D. winteri have resulted in 48 

monoterpene, sesquiterpene and phenylpropanoid compounds being identified (Table 

2.2) (Barrero, Herrador et al. 2000, Monsálvez, Zapata et al. 2010, Zapata and Smagghe 

2010, Verdeguer, Garcia-Rellan et al. 2011). Although there is variation in the components 

identified in different plant parts, the oils are generally rich in oxygenated sesquiterpenes, 

monoterpene hydrocarbons and oxygenated monoterpenes. Phenylpropanoids are also 

present but represent less than 10% of the total oil content (Limberger, Scopel et al. 

2007). Four phenylpropanes, elemicin (39), methyl eugenol (40), myristicin (41) and 

safrole (42) have been identified within the leaf, bark and fruit oils (see Figure 2.3 for 

chemical structure). In addition to the essential oil sesquiterpenes, to date 19 non-volatile 

drimane sesquiterpenes have also been reported from D. winteri (Appel, Bond et al. 1963, 

Cechinel Filho, Schlemper et al. 1998, Monsálvez, Zapata et al. 2010). The drimane 

dialdehyde polygodial (46) is present in high amounts in the leaf, fruit and bark extracts. 
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Several other dialdehydes including 9-epipolygodial (70), mukaadial (51) and warburganal 

(55) and three 1-β-cinnamate esters 1β-cinnamoylpolygodial (48), 1β-p-

methoxycinnamoyl polygodial (50), and drimanial (10) have also been reported (Ferreto, 

Cicció-Alberti et al. 1988, Cechinel Filho, Schlemper et al. 1998, Malheiros, Filho et al. 

2001, Mecchi and Lago 2013). The remaining drimane sesquiterpenes isolated from D. 

winteri incorporate varying levels of oxidation at C-11 and C-12 including the alcohols 

drimenol (73), isodrimenol (75), and drimendiol (74), the anhydride winterin (81) and the 

lactones drimenin (76), futronolide (82), confertifolin (83) and isodrimenin (84) (Brown 

1994). Both 5,7,4’-trihydroxy and 5,7,3’,4’-tetrahydroxyflavanoids with methine, 

methylene, hydroxyl or glycoside substituents at C-3 predominate in D. winteri (Appel and 

Dohr 1958, Vichnewski, Kulanthaivel et al. 1986, Rodríguez, Zapata et al. 2005). 

Anthocyanins have also been reported (Williams and Harvey 1982, Netzel, Netzel et al. 

2006). 

The proportion of sesquiterpene and monoterpenes in the essential oils of D. brasiliensis 

differs markedly between leaf and bark. In a number of studies, leaf material was 

predominated by monoterpenes (>50%) with smaller amounts of sesquiterpene (<40%) 

and phenylpropanes (~7%) while bark extracts contained sesquiterpenes (>80%) and 

phenylpropanes (~7%) but with little or no detectable monoterpenes. In one conflicting 

study the proportion of monoterpene to sesquiterpene between leaf and stem bark was 

reversed (Lago, Carvalho et al. 2010). A total of 21 monoterpenes, 26 sesquiterpenes and 

four phenylpropanes have been reported from D. brasiliensis. Aromadendrane 

sesquiterpenes are the most abundant subclass with cyclocorenone and spathulenol (18) 

representing nearly 50% of the oil content. One diterpene, rimuene (44) has been 
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identified in essential oils. Eight drimane sesquiterpenes have been reported from D. 

brasiliensis. These include the 11,12-dialdehydes polygodial (46), waburganal (55), 

drimanial (54), 1β-coumaroylpolygodial (49) and 1β-p-methoxycinnamoylpolygodial (50) a 

further two cinnamate esters (104) and (89) and drimenol (73). Four 3-rhamnosyl 

flavanoids have been isolated from D. brasiliensis of which quercitrin (114), neoastilbin 

(132) and isoastilbin (131) were reported for the first time in the genus Drimys (Mecchi 

and Lago 2013). 

Although D. angustifolia has been used traditionally because of its anti-inflammatory, 

antiulcer, and analgesic properties, chemical studies have been limited to analysis of leaf 

and stem bark essential oils (Gomes, Dorneles et al. 2014). The essential oil content of 

both leaf and bark showed a similar trend of monoterpene and sesquiterpene presence to 

that reported in D. brasiliensis with monoterpenes predominating in leaves and 

sesquiterpenes predominating in bark. Bicyclogermacrene (19) was the most abundant 

sesquiterpene closely followed by drimenol. Phenylpropanes represent ~5% of essential 

oil content (Limberger, Scopel et al. 2007, Ribeiro, Rolim et al. 2008, Lago, Carvalho et al. 

2010). In total 15 monoterpenes, 13 sesquiterpenes, two phenylpropanes, safrole (42) and 

myristicin (41) and two diterpenes, rimuene (44) and kaurene (45) have been reported 

from D. angustifolia essential oils (Limberger, Scopel et al. 2007, Witaicenis, Roldão et al. 

2007, Gomes, Dorneles et al. 2014). One study reported polygodial (46) and its 1β p-

methoxycinnamate derivative (50) to be present in the bark of D. winteri from Brazil but 

this collection was later recognized to actually be D. angustifolia (Muñoz-Concha, Vogel et 

al. 2007). In the same study two flavonoids, taxifolin (129) and astilbin (127) were also 

reported. Apart from this study there have been no other reports on the non-volatile 
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chemistry of D. angustifolia although preliminary phytochemical studies have suggested it 

contains flavonoids, saponins, glycosylated triterpenoids and tannins (Witaicenis, Roldão 

et al. 2007).  

The leaf and unripe fruit essential oils of D. granadensis from Colombia contain a rich 

variety of monoterpene, sesquiterpene, diterpene and phenylpropanes with 75 

compounds from these classes being reported to date (Ferreto, Cicció-Alberti et al. 1988). 

In one report the leaves were shown to be rich in sesquiterpenes (73.7%) with 

germacrene D (20), α cadinol (21), longiborneol acetate (22) and drimenol being the 

predominant compounds present (Gaviria, Quijano et al. 2011). In another study the 

leaves contained mainly monoterpenes, with α-terpineol (14), sabinene (5), γ-terpinene 

(9) and α-terpinene (7) representing over 50% of the total oil content (Ciccio 1997). 

Germacrene D (20) was again the major sesquiterpene present. The unripe fruit also 

contained germacrene D (20) and drimenol (73), Drimane sesquiterpenes have also been 

isolated from D. granadensis. Polygodial (46) is a major component of the bark extract and 

it has been isolated together with another three 11,12-dialdehydes, 1β-

coumaroylpolygodial (49), 1β-p-methoxycinnamoylpolygodial (50) and warburganal (55). 

In addition two diacetal derivatives (96) and (99) and a nor sesquiterpene (105) were 

reported (Ferreto, Cicció-Alberti et al. 1988). The flavonoid glycosides quercitrin (114) and 

astilbin (127) have been reported from the wood (De Diaz, Diaz D et al. 1985) . 

Two additional Drimys species, D. andina and D. confertifolia have been poorly studied. 

One collection of leaf material of D. andina from Chile contained drimenol (73) and 

polygodial (46) as minor components (Muñoz-Concha, Vogel et al. 2007), while the 
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drimane sesquiterpene confertifoline (83) was isolated from the bark of D. confertifolia 

from Juan Fernandez Island (Appel and Dohr 1958). The flavonoid, taxifolin has been 

reported from D. confertifolia and 4’,7-dihdroxyflavone (124) has been reported from D. 

andina while quercetin-3-methyl ether (122) have been reported from both species (Ruiz, 

Fuentes et al. 2002). 

  

 R1 R2 R3 R4   R1 R2 R3 

46 H H H H  60 H H H 

47 H OH H H  61 CA H OH 

48 CA H H H  62 p-HCA H OH 

49 p-HCA H H H  63 p-MCA H OH 

50 p-MCA H H H  64 CA OH H 

51 H OH H OH  65 p-HCA OH H 

52 CA OH H H  66 p-MCA OH H 

53 p-HCA OH H H  67 CA H H 

54 p-MCA OH H H  68 p-HCA H H 

55 H H H OH  69 p-MCA H H 

56 CA H OH H  

57 p-HCA H OH H  

58 p-MCA H OH H  

59 Ac H H H  

 

 

 

 

 

 

 

Figure 2.5: Drimane 1,4-dialdehydes reported from Winteraceae species. 
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Figure 2.6: Drimane alcohols reported from Winteraceae species. 

 

 

                  

 

 R1 R2 R3 R4 

81 O H2 OH H 

82 O H2 H H 

83 H2 O H H 

84 O H2 H H 

85 O H2 OCH3 OCH3 

 

 

Figure 2.7: Drimane lactones reported from Winteraceae species. 
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 R1 R2 R3 R4 R5 R6 

86 H H H H2 OH H 

87 H H H O OH H 

88 H H H H2 OCH3 H 

89 p-HCA H H O OH H 

90 p-HCA H H H2 H OH 

91 H OH H H2 H OH 

92 CA H OH H2 OH H 

93 p-MCA H OH H2 OH H 

94 H H H O H H 

95 Ac H H O OH H 

 

Figure 2.8: Drimane hemiacetal and acetals reported from Winteraceae species. 

 

 

                                       

Figure 2.9: Miscellaneous drimane and nordrimanes reported from Winteraceae species. 
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2.2.5.2 Pseudowintera Chemistry 

Pseudowintera, a genus confined to New Zealand, is considered to be a sister taxon to 

Drimys. It is therefore not surprising that chemical investigations have reported drimane 

sesquiterpenes to be abundant in the species studied. Essential oil analysis of the four 

species is somewhat more restricted. 

The volatile oil of leaf and stem branchlets of P. colorata (colloquially known as horpito) 

was studied in the late 1950s and early 1960s and 19 mono and sesquiterpenes and the 

phenylpropane eugenol (43) were identified together with a number of uncharacterised 

compounds (Corbett and Speden 1958, Corbett 1962). The oil was particularly rich in 

aromadendrane sesquiterpenes such as epicyclocolorenone (23), cyclocolorenone (17), 

aromadendrane (24) and α-gurjunene (25) with later studies also identifying viridiflorol 

(26) in fruit extracts (Corbett and Speden 1958). The majority of more recent studies have 

focused on the drimane sesquiterpene chemistry of the plant. Polygodial (46) and 9-

deoxymuzigadial (60), an uncommon rearranged drimane 11,12-dialdehyde only found 

previously in the related plant, Cannela winterana (Cannelaceae) are major components in 

the leaves of P. colorata (Perry, Foster et al. 1996). A study of various populations of P. 

colorata showed that two chemotypes of the species were present in New Zealand 

(Wayman, de Lange et al. 2010). One chemotype contained relatively equal amounts of 

polygodial (46) and 9-dexoymuzigadial (60) (each ~1% dry weight) while the other 

chemotype contained polygodial (46) almost exclusively and in high concentrations (1.9 - 

4.4% dry weight) with only trace amounts of 9-dexoymuzigadial (60) (Perry, Foster et al. 

1996). The 9α-epimer of polygodial (70) and 9α-drim-7-en-11,12-diol have also been 
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reported in the leaves of P. colorata (McCallion, Cole et al. 1982) while the drimane 

lactone (80) has been isolated from the bark (Corbett and Chee 1976). Polygodial (46) and 

9-deoxymuzigadial (60) are both present in even higher concentrations in the fruit (4.6%) 

relative to the leaves (0.5%) and the fruits also contain the 1β esters (56) and (57) of 6-

hydroxypolygodial (Larsen, Lorimer et al. 2007). A study on the leaf flavonoid patterns of 

Winteraceae species indicated that P. colorata contained quercitin (115), luteolin (118), 

apigenin (119), taxifolin (129) as well as anthocyanins (Williams and Harvey 1982). Other 

studies have revealed that, the red anthocyanins present in the leaves act as a warning 

colouration to insect herbivores and the intensity of anthocyanin colour positively 

correlates with polygodial (46) (3 - 0.04 mg/g in-vitro) concentration (Cooney, van Klink et 

al. 2012). 

In contrast to P. colorata, chemical studies on P. axillaris have shown that polygodial (46) 

and/or 9-deoxymuzigadial (60) are present in leaf material at approximately one tenth of 

the concentration of that present in P. colorata. These two compounds are replaced in the 

leaves of P. axillaris with paxidal (61), the 1β-cinnamate ester of 9-dexoymuzigdial. Paxidal 

(61) is present in all plant parts except fruit while its 6-hydroxy derivatives (64) and (47) 

are present only in leaf extracts (Gerard, Perry et al. 1993, Wayman, de Lange et al. 2010). 

In a second investigation of the leaves of P. axillaris, a second 1β-cinnamoyl ester 

isopaxidal (72) was isolated in approximately one fifth the concentration of paxidal 

(Wayman, de Lange et al. 2010). Isopaxidal (72) contains a 3,4 double bond and is only the 

second rearranged drimane of this type in the literature. The aromadenrane 

sesquiterpene cyclocolorenone (17) is also found in the leaves and roots, while viridiflorol 

(26) is a major component of the fruit. Also present in the fruit of P. axillaris in high 
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concentrations (8.25%) are four prenylated flavones (133-136) (see Figure 2.12 for 

chemical structure). These compounds are also present in the leaves at lower 

concentrations and the two flavonoids (133, 134) are present in the twigs as well 

(Brennan, Larsen et al. 2006, Larsen, Lorimer et al. 2007). 

P. insperata is a highly restricted and rare new species, being represented in the wild by 

46 mature plants. Chemical investigations of the leaves of this species have identified the 

1β-cinnamate ester of 5α-hydroxypolygodial named insperadial (52) to be the major 

component (~3%) while polygodial (46), 9-deoxymuzigadial (60) and the 1β-coumarate 

ester of 5α-hydroxypolygodial (53) are present at one tenth of this concentration in most 

specimens analysed. One specimen contained high concentrations of 9-deoxymuzigadial 

(60), in addition to insperadial (52) (Heenan and De Lange 2006, Larsen, Lorimer et al. 

2007, Wayman, de Lange et al. 2010). 

A fourth species of Pseudowintera, P. traversii is rare and remains chemically 

uncharacterised. Only two studies refer to its chemistry and both reported an unknown 

dialdehyde being present in leaf material (McCallion, Cole et al. 1982). The most recent 

report concluded that, the leaves contained a cinnamate ester of a sesquiterpene 

dialdehyde similar to paxidal (61) (Wayman, de Lange et al. 2010). 

It should be noted that the presence of 1β-cinnamate/1β-coumarate esters of 

sesquiterpene dialdehydes in all four species of Pseudowintera provides a compelling 

taxonomic link to the Drimys species of the Americas (Larsen, Lorimer et al. 2007, 

Wayman, de Lange et al. 2010). 
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 R1 R2 R3 R4 R5 

107 H OH OCH3 OCH3 OH 

108 H OCH3 OCH3 H OH 

109 H OCH3 OCH3 OCH2O 

110 H OCH3 OCH3 OCH3 OH 

111 H OH OCH3 OCH3 OCH3 

112 H OH OCH3 OCH2O 

113 H OCH3 OCH3 OCH3 OCH3 

114 O-L-rham OH OH OH OH 

115 OH OH OH OH OH 

116 OH OH OH H OH 

117 OH OH OH OCH3 OH 

118 H OH OH OH OH 

119 H OH OH H OH 

120 H OH OCH3 OCH3 OH 

121 H OH OCH3 H OCH3 

122 OCH3 OH OH OH OH 

123 O-L-gluc H OH OH OH 

124 H H OH H OH 

125 H H OCH3 OH OCH3 
 

Figure 2.10: Flavones reported from Winteraceae species. 
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 R1 R2 R3 R4 R5 R6 

126 H H OH OCH3 H H 

127 O-L-rham H OH OH OH OH 

128 O-L-gluc H OH OH OH OH 

129 OH H OH OH OH OH 

130 OH H OH OH H OH 

131 H O-L-rham OH OH OH OH 
 

 

Figure 2.11: Flavonoids reported from Winteraceae species. 

 

 

                                                          

 R1 R2 R3 

133 H H H 

134 H 
 

OH 

135 OH 
 

OH 

136 H 
 

H 

 

Figure 2.12: Prenylated flavonoids reported from Pseudowintera axillaris. 
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2.2.5.3 Zygogynum Chemistry 

Over a dozen species of Zygogynum have been chemically investigated. These analyses 

have mainly focused on non-volatile chemical constituents including drimane 

sesquiterpenes, tetralones, flavonoids and alkaloids, although one study analysed the 

volatile oils present in the leaves of four Australian taxa (Z. semecarpoides, Z. howeanum, 

Z. queenslandianum subsp. queenslandianum and Z. queenslandianum subsp. australe) 

representing three species and one subspecies (Brophy, Goldsack et al. 1994). These 

plants are still classified as Bubbia species according to the census of Queensland flora 

((APG) 2003). The study revealed that all four taxa produce essential oils rich in 

sesquiterpenes. The major components of Z. semecarpoides oil were the aromadenrane 

sesquiterpenes spathulenol (18) (24.4%) viridiflorol (26) (4.2%), globulol (27) (2.8%) along 

with other sesquiterpenes bicyclogermacrene (19) (5.2%), β-caryophylene (28) (3.2%) and 

caryophylene oxide (29) (3.1%) while monoterpenes such as α-pinene (3) (5.4%) myrcene 

(6) (9.3%) and limonene (12) (2.7%) represented only a minor proportion of the total oil. Z. 

howeanum oil was extremely rich in β-caryophyllene (28) (48.0%), α-humulene (30) 

(16.5%) with myrcene (6) (8.3%) representing the only monoterpene present in any 

abundance. Spathulenol (18) (11.6%) was the major component of the essential leaf oil of 

Z. queenslandianum subsp. queenslandianum closely followed by bicyclogermacrene (19) 

(10.4%), globulol (27) (7.7%) and viridiflorol (26) (4.5%). Over 70% of the biomass of the Z. 

queenslandianum subsp. australe oil was sesquiterpenes with many unidentified 

oxygenated sesquiterpenes being the main constituents. Spathulenol (18) (7%), 

bicyclogermacrene (19) (4.9%) and viridiflorene (31) (4.4%) were the main identifiable 

sesquiterpenes but unlike Z. queenslandianum subsp queenslandianum globulol (27) and 
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viridiflorol (26) were absent from this oil. Z. semecarpoides, Z. howeanum together with a 

fourth Australian Zygogynum (Bubbia) species Z. whiteana each contain the flavonoids 

quercitin, kaempferol, 3’,7-dimethoxyluteolin (Brophy, Goldsack et al. 1994). 

The earliest report on Zygogynum chemistry relates to a study conducted on the leaves of 

Z. pauciflorum (Ahond, Guilhem et al. 1990). This study reported the first and to date only 

alkaloids to be identified from Winteraceae species. The two azatetracyclo [7.3.0.2.0] 

tetradecane alkaloids isolated, bubbialine (137) and bubbialidine (138), are closely related 

to norsecurinine alkaloids which have only previously been reported from Euphorbiaceae 

plants from the genera Fluggea and Phyllanthus. The authors suggest that their presence 

in a Winteraceae plant is the result of convergent evolution although this unusual 

occurrence raises a question about the true identity of the plant material studied. Eight 

flavonoids were also isolated from the leaves of Z. pauciflorum. These include methoxy 

and/or methylenedioxy derivatives of luteolin (107, 109, 110, 111, 112, 113) and 5,7-

dimethoxyapigenin (108) (Ahond, Guilhem et al. 1990). 

 

 

 

Figure 2.13: Alkaloids reported from Zygogynum pauciflorum. 
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Three subspecies of Zygogynum pancheri from New Caledonia (Z. pancheri subsp elegans, 

Z. pancheri subsp pancheri and Z. pancheri subsp arrhantum) have been chemically 

investigated. Drimane sesquiterpenes 1β-cinnamoxyl-polygodial (48) and 1β-cinnamoyl-

6α-hydroxy-isotadeonal (71) has been reported from both the arrhantum and pancheri 

subspecies, while 1β-cinnamoyl-6α-hydroxypolygodial (56), 1β-cinnamoyl-bemadienolide 

(78) and the lactone (94) are present only in Z. pancheri subsp arrhantum (Keskes, 

Litaudon et al. 2014). Drimane sesquiterpenes also present in the bark of Z. pancheri 

subsp pancheri include the 1β-cinnamate ester 92, 1β-cinnamoylpolygodial (48) and 

polygodial (46) while 1β-cinnamoyl-5α-hydroxypolygodial (52) is present in the leaves 

(Allouche, Apel et al. 2009). The third sub species Z. pancheri subsp elegans contains the 

drimane lactones drimenin (76) and 7-ketoisodrimenin (77) (Allouche, Apel et al. 2009) 

(see Figure 2.7 for chemical structure). In addition to drimane sesquiterpenes, all three 

subspecies of Z. pancheri contain phenyl-3-tetralones (Devkota, Covell et al. 2013). The 

bark of all three subspecies contain zygolone A (145) while the leaves of Z. pancheri subsp. 

pancheri and the bark of Z. pancheri subsp. arrhantum also contain 3’-deoxyzygolone A 

(142) (Allouche, Morleo et al. 2008, Keskes, Litaudon et al. 2014). Flavonoids have also 

been reported from Z. pancheri. The bark of Z. pancheri arrhantum contains 5-hydroxy-7-

methoxyflavonone (126) while the leaves of Z. pancheri (subspecies not identified) 

contains quercetin (115), kaempferol (116), 7,3’-dimethoxyluteolin (107), taxifolin (129) as 

well as anthocyanins (Williams and Harvey 1982). 

The bark of Z. bailonii from New Caledonia contains the drimane cinnamate esters 1β-4-

methoxycinnamoyl-6α-hydroxypolygodial (or isodrimanial) (58) and 1β-4-
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methoxycinnamoyl-bemadienolide (79) and the leaves of the same species contain 

phenyl-3-tetralone and 3’-deoxyzygolone A (142) (Allouche, Morleo et al. 2008). 

The bark of Z. ascmithii also contained a suit of 1β-4-methoxycinnamate esters of drimane 

sesquiterpenes. Isodrimanial (58) and 1β-4-methoxycinnamoyl-bemadienolide (79) found 

previously in Z. bailonii were isolated together with two new drimane sesquiterpenes 93 

and 105. The structure of 105 is unique since it contains a butenolide ketal adduct 

replacing the C-11 aldehyde. The bark also contained two butenolides (140, 141) and one 

secobutenolide (139) (Allouche, Apel et al. 2009). In a separate study the phenyl-3-

tetralone isozygolone A (145) was isolated from the bark (Allouche, Morleo et al. 2008). 

 

 

 

Figure 2.14: Butenoides and secobutenolides reported from Zygogynum acsmithii. 

 

The twigs of Z. calothyrsum collected in Papua New Guinea have yielded both drimane 

sesquiterpenes and phenyl-3-tetralones. Five drimane sesquiterpenes including the known 

1β-coumaroylpolygodial (49) and cinnamolide (94) and three new ones, 1β-p-hydroxy-E-

cinnamoyldrimeninol (90), 1β-p-hydroxy-E-cinnamoyl-5α-hydroxydrimeninol (91) and the 
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methyl ether of 1β-p-hydroxy-E-cinnamoyl-12α-methoxydrimeninol (98) were reported. In 

addition two new phenyl-3-tetralones, 3-deoxyisozygolone A (146) and calothyrlone A 

(147) and three known phenyl-3-tetralones, isozygolone A (145), zygolone A (143), and 4’-

O-methylzygolone A (144) were reported (Devkota, Covell et al. 2013). 

Z. stipitatum from New Caledonia has also been reported to contain two phenyl-3-

tetralones, zygolone A (143) and 4’-O-methyl zygolone A (144) in its bark (Allouche, 

Morleo et al. 2008). Trace amounts of the flavonoid kaempferol (116) together with 3’,7-

dimethoxyluteolin (107) and taxifolin (129) have also been reported from the leaves of Z. 

stipitatum (syn Exospermum stipitatum) (Williams and Harvey 1982) . 

 

 

 

Figure 2.15: Phenyl-3-tetralones reported from Zygogynum species. 
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Phenyl-3-tetralones appear to be a chemotaxonomic marker for the genus Zygogynum 

since they have not been reported in any other Winteraceae genus (or any other higher 

plants). Their presence in species that were previously classified as Belliolum (Z. pancheri), 

Exospermum (Z. stipitatum) and Zygogynum also lends weight to the amalgamation of 

Belliolum and Exospermum into the genus Zygogynum. An examination of the non-volatile 

chemistry of Zygogynum (Bubbia) species from Australia, to identify if they contain 

phenyl-3-tetralones may provide further insight into their relationship to other 

Zygogynum species. Furthermore the repeated isolation of 1β-cinnamoyldrimane 

sesquiterpenoids from several New Caledonian and one New Guinean Zygogynum species 

with a number of compounds being found in common with those found in either 

Pseudowintera or Drimys species corroborates the close taxonomic relationship of these 

three genera (Ahond, Guilhem et al. 1990, Brophy, Goldsack et al. 1994, Allouche, Apel et 

al. 2009). Analysis of the non-volatile sesquiterpene chemistry of Australian Zygogynum 

(Bubbia) species is also warranted in light of these observations. 

2.2.5.3 Tasmannia Chemistry 

The chemistry reported from Tasmannia species is surprisingly sparse considering that this 

genus contains the largest number of species in the Winteraceae. One study has analysed 

the essential oil components from seven Tasmannia species from Australia (Southwell and 

Brophy 1992). This study highlighted the interspecies differences in monoterpene, 

sesquiterpene and phenyl propane components present in essential oils of Tasmannia 

species. Sesquiterpenes are the predominant class present in some of these extracts, but 

others are predominated by monoterpenes. Safrole (42) (13.9%) is the most abundant 
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compound present in T. glaucifolia but the combined amounts of α-thujene (13), α-pinene 

(3), γ-terpinene (9), α-terpineol (14) represents ~11% and sesquiterpenes such as 

β−caryophyllene (28) (6.3%), cadina-1,4-diene (32) (2.8%), calamenene (33) (8.0%) and 

caryophyllene oxide (29) (2.7%) are also present. T. insipida monoterpenes include α-

pinene (3) (10.6%), sabinene (5) (4.9%), β-pinene (4) (3.2%) and myrcene (6) (6.6%), but 

the major components were sesquiterpenes including viridiflorol (26) (29.9%), α-

amorphene (34) (4.3%), bicyclogermacrene (19) (3.6%) and globulol (27) (2.7%). T. 

lanceolata essential oils are rich in α-pinene (3) (14.4%), 1,8-cineole (1) (13.7%), β-pinene 

(4) (5.7%), limonene (12) (3.8%) and α-terpineol (14) (3.8%) with only very low 

concentrations of sesquiterpenes being present. T. membranea essential oils are variable 

but dominated by sesquiterpenes. One chemotype contains extremely high 

concentrations of viridiflorol (26) (30.6%) along with α-eudesmol (35) (7.7%), δ-cadinene 

(36) (3.4%) and γ-eudesmol (37) (3.0%) while a second chemotype contains γ-eudesmol 

(37) (21.7%), elemol (38) (14.6%), α-eudesmol (35) (10.8%) and viridiflorene (31) (4.0%). T. 

purpurescens essential oil is very rich in limonene (12) (65.5%) but also contain the 

monoterpenes myrcene (6) (7.4%), sabinene (5) (5.5%) and α-phellandrene (8) (4.8%). The 

eight sesquiterpenes detected in the essential oil of T. purpurescens are all present in less 

than 1% of the total oil content (Menary 2003). The northern or Dorrigo pepperbush, T. 

stipitata, is also rich in monoterpenes with α-pinene (3) (35.4%), terpinene-4-ol (2) 

(11.9%), β-pinene (4) (5.5%), and car-3-ene (15) (2.5%) being the most abundant 

compounds. Safrole (42) (2.7%) and bicyclogermacrene (19) (3.4%) are also present in this 

essential oil (Southwell and Brophy 1992). The alpine pepperbush T. xerophila is also rich 

in monoterpenes with α-phellandrene (8) (28.7%), α-pinene (3) (16.9%), limonene (12) 
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(8.2%), linalool (10) (6.3%), β-phellandrene (16) (4.0%) and β-pinene (4) (3.3%) 

representing the major components. Two phenylpropanes eugenol (43) (3.1%) and 

myristicin (41) (6.5%) are also present in the oil. In another study the essential oils present 

in the pepper corn of T. lanceolata were reported and the majority of compounds 

identified were also reported in the leaf oils (Cardeal, Gomes da Silva et al. 2006). In a 

comparable study, the essential oil of bark from T. piperita collected in West Papua, 

Indonesia showed that the monoterpenes α-pinene (3) (20.2%), β-pinene (4) (14.9%) and 

terpinene-4-ol (2) (13.2%) were the most abundant compounds and monoterpene content 

represents over 71% of the total (Cepeda, Santoso et al. 2011). The drimane 

sesquiterpene drimenol (73) is also present in the bark of T. piperita.   

The peppery hot taste present in leaf and fruit of T. lanceolata has been shown to be 

associated with polygodial (46) (Loder 1962, Read and Menary 2000). A gas 

chromatography (GC) study to look at polygodial (46) concentration in leaf extracts from 

individual T. lanceolata plants collected from one location in Tasmania, Australia showed 

that polygodial (46) represents between 1% and 41% of the total petroleum extractable 

compounds present in the leaves (Dragar, Garland et al. 1998). In another study, the 

stems and leaves of T. lanceolata were shown to contain 1β-acetoxypolygodial (59) and 

1β-acetoxydrimeninol (95) (Deans, Gardiner et al. 2014). A Japanese patent has also 

reported that T. lanceolata contains the dimethoxydiacetal derivative of polygodial (96) 

and 11-methylisodrimeninol (88) (Matsuda, Pongpiriyadacha et al. 2002). T. lanceolata 

contains the flavonoids quercetin (115), kaempferol (116), luteolin (118) and apigenin 

(119). In another study of T. lanceolata leaves, a polyphenolic fraction contained 
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chlorogenic acid, quercetin (115), quercitrin (114), cyanidin-3-glucoside and cyanidin-3-

rutinoside (Sakulnarmrat and Konczak 2012). 

T. piperita appears to be an epithet for multiple undescribed species from Melanesia and 

in one paper which reports on leaf flavonoid chemistry within the Winteraceae (Williams 

and Harvey 1982), T. piperita taxa commonly contain quercitin (115), 3’,7-dimethyl 

luteolin (107), flavone C-glycosides and taxifolin (129) with some taxa also containing 4’,7-

dimethylapigenin (125), kaempferol (116) and luteolin (118) (Williams and Harvey 1982).   

 Given the rich species diversity present within the genus Tasmannia, further chemical 

studies, particularly focusing on the non-volatile constituents of various species is 

warranted. These studies will fill in some significant gaps relating to the occurrence of 

drimane sesquiterpenes found within these species and thus provide details that could be 

used for taxonomic purposes. In particular, no 1β-cinnamate drimane esters have been 

reported from Tasmannia species to date and this could either represent a clear 

chemotaxonomic difference between Tasmannia and the other Winteraceae genera or 

just reflects the paucity of studies carried out on this genus to date.  

In total, 246 compounds have been reported from Winteraceae plants to date. These are 

grouped into several categories including 59 drimane sesquiterpenes, 148 monoterpene 

and sesquiterpene essential oil constituents, six phenylpropanes, six phenyl-3-tetralones, 

31 flavonoids and two alkaloids. The essential oil constituents reported from Winteraceae 

species are not unique to the family, having also been reported from numerous plants 

belonging to large numbers of other families. The drimanes however, possess chemical 

features that are either unique to the family or have only been reported from a limited 
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number of other plants, animals or fungi. Even more significantly, the phenyl-3-tetralones 

have not been reported from any other natural source before. 
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Table 2.2: Essential oils found in the Winteraceae. 
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Monoterpene Hydrocarbons 

α-pinene x x x x x  x x x x x x x x x x x x 

sabinene x x x x    x x x x x x x x x x x 

β-pinene x x x x x  x x x x x x x x x x x x 

myrcene x x x x x  x x x x x x x x x x x x 

α-terpinene x x x x x  x x x x        x 

β-phellandrene x    x   x x x x x x x x  x x 

Ζ−β-ocimene x x x x   x x x x x        

E-β-ocimene x x  x   x x x x x        

γ-terpinene x x x x x   x x x x x x x x x x x 

terpinolene x x x x x  x x x x        x 

linalool x x x x   x  x x x x x x x x x x 

camphene  x  x   x x x x        x 

δ-3-carene  x      x        x  x 
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Table 2.2:  (Contd)               
 D

. 
a

u
>

 

D
. 

b
r%

^
^

&
>

 

D
. 

w
i!

*
<

 

D
. 

gr
 

P
. 

co
+

$
+

+
  

P
. 

a
x+

$
 

B
. 

h
o

#
 

B
. 

se
va

r.
 s

e
m

#
 

B
. 

q
u

 s
u

b
. 

Q
u

#
 

B
. 

q
u

su
b

. 
A

u
s#

 

T
. 

la
@

 

T
. 

g
l@

 

T
. 

in
@

 

T
. 

m
e

@
 

T
. 

p
u

@
 

T
. 

st
@

 

T
. 

xe
@

 

T
. 

p
i@

 

π-cymene  x x  x  x x   x x x x x  x x 
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thujene   x  x      x x x x x  x  

pyronene           x        

α-phellandrene   x      x x x x x x x  x  

α-fenchene         x          

α,p-dimethylstyrene         x          

isosylvestrene    x               

alloocimene    x               

Oxygenated Monoterpenes             

1,8-cineole x x x    x   x x x x x x   x 

terpinen-4-ol x x x x     x x x x x x x x x x 

π-cymen-8-ol  x       x          
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α-terpineol  x x x       x x x x  x x  

exo-fenchol  x                 

camphor  x  x              x 

borneol  x                 

α-campholenal    x       x        

δ-terpineol           x        

bornyl acetate         x  x        

terpinen-4-yl acetate       x            

perillene        x           

trans-π-menth-2-en-1-ol         x          

cis-π-menth-2-en-1-ol   x      x          

cis-piperitol   x      x          

trans-piperitol   x      x          

trans-pinocarveol    x               
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verbenone    x               

trans-carveol    x               
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sandaracopimara-8(14),15-

diene 
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sclarene    x               

isokaurene    x               

Phenylpropanes                   

safrole x x x x       x x       

myristicin x x x         x     x  

eugenol  x  x x      x x     x  
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elemicin   x    x           x 

E isoelemicin                   

croweacin            x       

Sesquiterpenes 

α-acoradiene   x                

E- α -bergamotene           x       x 

β-bourbonene    x               

γ-muurolene x   x       x        

δ-cadinene x x  x   x x x x x x x x x x x x 

calamenene     x  x  x x x x  x  x   

α−cubebene    x   x x x x x x  x x x x  

cadalene           x        

cadina-1,4-diene         x x x x x x  x   
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α-muurolene    x     x          
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α-amorphene             x      

cis-muurola-3,5-diene    x               

cis-muurola-4(14),5-diene    x               
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β-calacorene    x               

β-caryophyllene x x x x   x x x x x x x x x x x  

isocaryophyllene  x  x               

α-cedrene   x                

α-clovene           x        

α-copaene    x   x x x x x  x x x x   

cuparene          x         

β-elemene   x x x  x  x x         
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γ-elemene         x          

α-elemene    x               

β-selinene       x            

α-selinene       x            

bicycloelemene        x x x         

germacrene D x x  x   x  x  x x x x x x   

bicyclogermacrene x x x    x x x x x x x x x x x  

aromadendrene x x  x x  x x x x x        

alloaromadendrene x x     x  x x x        

α-gurjunene  x   x  x  x x x  x x    x 

viridiflorene       x x x x x x x x  x x  

β-gurjunene    x              x 

α-humulene  x  x x  x x   x        

E-β-farnesene   x    x   x x       x 
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γ-curcumene   x        x        
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α-santalene     x              

cyclosativene    x               

α-ylangene    x               
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cis-cadinene ether    x               

β himachalene                  x 

Oxygenated Sesquiterpenes 

acorenone B    x               

italicene ether   x                

τ-muurolol x x         x        

α-cadinol  x                 

cubenol           x        
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cis-muurol-5-en4b-ol    x               

epi-α-cadinol    x               

α-caryophyllene alcohol    x               

elemol   x    x   x    x     

10 epi γ- eudesmol x x x                

10-epi-γ-eudesmol  x x                

5-epi-7-epi-α-eudesmol  x x x               

γ-eudesmol   x      x x    x     

α-eudesmol   x      x x    x   x  

β-eudesmol   x      x x   x x     

eudesmα-4(15),7-dien-1β-

ol 

   x               

4-epi-cis-dihydroagarofuran   x                

rosifoliol   x                
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7-epi-α-eudesmol   x                

spathulenol x x x     x x x x x  x x x   

ledol  x                 

cyclocolorenone  x   x x             

globulol x x      x x    x x  x x  

viridiflorol x x   x x  x x  x x x x x x x  

epi-globulol  x                 

epoxy-alloaromadendrene  x                 

epicyclocolorenone     x              

palustrol        x x x         

aromadendrene oxide    x               

guiaol  x                 

bulnesol            x x   x   

humulene oxide  x  x               
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Sources: ! (Barrero, Herrador et al. 2000); @(Southwell and Brophy 1992); # (Brophy, Goldsack et al. 1994); % (Limberger, Scopel et al. 2007); ^^ (Ribeiro, Rolim et al. 2008); & (Lago, 

Carvalho et al. 2010); * (Zapata and Smagghe 2010, Zapata, Vargas et al. 2010); < (Verdeguer, Garcia-Rellan et al. 2011); > (Gomes, Dorneles et al. 2014); + (Larsen, Lorimer et al. 2007);  

$ (Wayman, de Lange et al. 2010); ++ (Corbett 1962). 
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E-nerolidol  x x x   x x x x        x 

(2E,6E)-farnesol    x               

longiborneol acetate    x               

β-bisabolol  x x                

β-atlantol    x               

bisabolone   x x               

β-oplopenone   x                



84 
 

2.2.6 Compound bioactivity 

Numerous studies have reported on the specific biological activity of pure compounds 

present in the Winteraceae species. Some of these studies have been undertaken on 

compounds specifically isolated from Winteraceae plants while other studies report on 

the biological activity of compounds that have been reported to be present in 

Winteraceae plants but the specific biological activity study reports on the same 

compound isolated from a different source. This section summaries the current 

knowledge on the biological activity of compounds known to be present in Winteraceae 

plants. 

2.2.6.1 Essential oils  

This section reports on the biological activity of individual essential oil components that 

are either unique to Winteraceae plants or are the major components of various oils 

derived from Winteraceae plants. Cineole is a major component in the essential oils of 

Mentha aquatic, Rosmarinus officinalis. It has been reported to have antibacterial activity 

against E. coli, C. albicans and Trichophyton tonsurans, in addition to acting as an 

antioxidant (Mimica-Dukić, Božin et al. 2003). Bicyclogermacrene (19) is the major oil 

component found in Drimys, Croton heliotropiifolius Kunth (Euphorbiaceae) has also been 

shown to have antibacterial activity against S. aureus, B. cereus, A. baumanii, E. coli, P. 

aeruginosa at a dose of 167 µg/mL to 500 µg/mL (Santos, Dognini et al. 2013). It also 

shows larvicidal activity against Aedes aegypti L. (Diptera: Culicidae) (Dória, Silva et al. 

2010) in addition to anti-inflammatory in an induced mouse foot oedema assay (Lago, 

Carvalho et al. 2010). In the same anti-inflammatory assay other essential oils present in 
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the Winteraceae species D. brasiliensis such as cedrene, muurolol, drimenol (73), α-

pinene (3) and terpinolene also displayed bactericidal activity at a dose of 1000 µg/mL. α-

terpineol (14), a major component of essential oils is antibacterial against the five food 

borne pathogens such as E. coli, E. coli O1157:H7, S. typhimurium, L. monocytogenes and 

Vibrio vulnificus (Kim, Marshall et al. 1995, Cosentino, Tuberoso et al. 1999). The 

monoterpenes α-pinene (3), β-pinene (4) and linalool (10) are all antimicrobial against 

both gram-positive bacteria, gram-negative bacteria and against yeasts (Cosentino, 

Tuberoso et al. 1999, Bougatsos, Ngassapa et al. 2004, Bauer, Garbe et al. 2008).The 

aromadendrane sesquiterpenoids α-gurjunene (25) and cyclocolorenone (17) possess 

larvicidal activity against Rhipicephalus (Boophilus) microplus, anti-tick effects on cattle 

and against dog ticks such as Rhipicephalus sanguineus (Ribeiro, Rolim et al. 2008). In 

addition, cyclocolorenone (17) is also phytotoxic to greenhouse grown corn, bean and 

tobacco plants in addition to its antibacterial and antifungal bioactivity (Jacyno, 

Montemurro et al. 1991). The aromadendrane sesquiterpene alcohols, spathulenol (18) 

and epi-globulol show spasmolytic activity whereas the aromadendrane sesquiterpene 

hydrocarbon α-gurjunene (25) was inactive in the same assay (Perez-Hernandez, Ponce-

Monter et al. 2009). Spathulenol (18) is also active against S. aureus, S. epidermidis, P. 

aeruginosa, E. coli, K. pneumoniae (Bougatsos, Ngassapa et al. 2004). Viridiflorol (26) 

another aromadendrane sesquiterpene alcohol which is abundant in the oils of several 

Winteraceae species is known for its fragrance, flavour and insecticidal activity against 

Oxyops vitiosa (Wheeler 2006). The sesquiterpenes β-caryophyllene (28) and an oxide, 

caryophyllene oxide (29), are both antibacterial against S. aureus, S. epidermidis, P. 

aeruginosa, K. pneumoniae and E. coli at a concentration of 6.4 mg/mL to 0.0073 mg/mL. 
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In addition caryophyllene oxide (29) possesses antifungal activity against C. albicans, C. 

tropicalis and C.glabrata (Bougatsos, Ngassapa et al. 2004) and β-caryophyllene (28) 

shows larvicidal activity against Aedes aegypti L. (Diptera: Culicidae) (Dória, Silva et al. 

2010). 

The other major class of the essential oil components present in Winteraceae species are 

the phenylpropanes. Safrole (42) has been reported from six species of Winteraceae and 

can be present in up to 14% of the total oil content. It shows piscicidal properties against 

fresh water bitterlings such as killie-fish (Oryzias latipes) at a concentration of 0.04ppm 

(Asakawa 1995) and antifeedant activity towards Tribolium castaneum (Herbst) and 

Sitophilus zeamais (Motsch) (Huang, Ho et al. 1999). It is also toxic and a hepatic 

carcinogen (Hagan, Jenner et al. 1965). Another phenylpropanoid, eugenol (43), found in 

several Winteraceae species and as well as in unrelated species such as Syzygium 

aromaticum (clove), is known as a fragrance and a flavouring agent (Bauer, Garbe et al. 

2008). In addition it also shows insecticidal activity against beetles such as Sitophilus, 

Tribolium castaneum (Huang, Ho et al. 2002). It is used as a food preservative in the meat 

industry specifically to inhibit growth of L. monocytogenes, is antigiardial in addition to 

being commonly used as a local anesthetic in dentistry (Kim, Marshall et al. 1995, 

Fujisawa, Atsumi et al. 2002, Machado, Dinis et al. 2011). A common feature relating to 

the biological activity of individual essential oil components present in Winteraceae 

essential oils is their antimicrobial activity. This observation correlates well with studies 

that have been undertaken on the oil mixtures and suggests that the major components 

present in these oils are likely to be responsible for the observed effects of the essential 

oil mixtures. The numbing properties often reported for condiments derived from the 
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leaves, bark and fruits of the Winteraceae species is likely to be associated with the local 

anesthetic properties of the phenylpropane derivatives such as eugenol (43) present in 

these plants (Ghelardini, Galeotti et al. 2001). The presence, in particular, of high 

concentrations of aromadendrane sesquiterpenes in the essential oils of the majority of 

the Winteraceae plants studied to date in combination with the rich antimicrobial 

properties that have been shown to be attributed to this class of compound suggests that 

future studies of species from Australasia and Melanesia are likely to yield commercially 

valuable species for fragrances, flavourings, food preservatives and topical disinfectants.  

2.2.6.2 Drimanes 

The largest group of drimane sesquiterpenes reported from Winteraceae species each 

contain a 11,12-dialdehyde moiety. These compounds account for nearly half of all 

drimanes reported from the family. The 11,12-dialdehyde moiety elicits some key protein 

binding properties to these molecules. In particular this moiety can covalently bind to 

primary amines. As a result 11,12-dialdehydes can inhibit or bind to proteins which 

contain basic amino acids such as lysine and arginine, either blocking active catalytic sites 

or covalently binding to receptors. It is therefore unsurprising that biological testing on 

molecules from within this group of have shown many different activities. In addition 

many of the dialdehyde drimane sesquiterpenes present within Winteraceae species 

contain a α-β-unsaturated aldehyde group that can also act as a Michael acceptor 

allowing for irreversible covalent binding to thiol groups in proteins. The most abundant 

11,12-dialdehyde drimane sesquiterpene present in Winteraceae species is polygodial 

(46). Polygodial (46) has been reported to possess a myriad of biological activities 
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including antibacterial, antihyperalgesic, antifouling, antiparasitic, cytotoxic, anti-

inflammatory and vasorelaxant activities (Cimino, De Rosa et al. 1982, Cimino, de Rosa et 

al. 1983, Asakawa, Dawson et al. 1988, Asakawa 1995, Mendes, Santos et al. 1998, André, 

Malheiros et al. 1999, Pongpiriyadacha, Matsuda et al. 2003, Corrêa, Tempone et al. 2011, 

Devkota, Covell et al. 2013). There is also a comprehensive review by Jansen and de Groot 

(2004) in 2004 which has succinctly summarised the current knowledge of its biological 

activity of polygodial (46) up to January 2003. Polygodial (46) was shown to have a 

bactericidal effect against Bacillus subtilis, Staphylococcus aureus, Escherichia coli and 

Salmonella choleraesuis (McCallion, Cole et al. 1982, Kubo and Fujita 2001). Recently 

polygodial (46) was also shown to have  antiviral activity against the Herpes virus (Butler 

2014). The modes of microbial inhibition for polygodial (46) has been studied in detail 

leading to a number of mechanisms of action being suggested which has been covered in 

detail in the review by Jansen and de Groot (2004). Briefly some of the mechanisms 

proposed are disruption of the structure of the cell membrane (Kubo, Shimizu et al. 2002), 

disruption of the hydrogen bonds at the lipid bilayer interface (Kubo, Fujita et al. 2001) 

and depletion of mitochondrial glutathione (Machida, Tanaka et al. 1999). Kubo, Fujita et 

al. (2001) have also reported antifungal activity of polygodial (46) via the mechanism of 

inhibiting the ATPase activity of crude mitochondrial membranes of Saccharomyces 

cerevisiae (Lunde and Kubo 2000) but new research was conducted on inhibition of 

Zygosaccharomyces bailii which also reinforces the fact that polygodial (46) plays a role in 

membrane fluidity and the activity could be enhanced by addition of sorbic acid to 128 

fold (Castelli, Lodeyro et al. 2005). Polygodial (46) has also been shown to be piscicidal 

against Oryzia latipes (Killie fish) (Asakawa 1995), toxic to fresh water bitterlings 
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(Zinsmeister and Mues 1990) and in the case of the marine fish Chromis and fresh water 

fish Carassius chromis, death occurred within 3-16 hours (Cimino, De Rosa et al. 1982, 

Cimino, de Rosa et al. 1983). Polygodial (46) has also been shown to possess high 

antiparasitic selectivity towards Trypanosoma cruzi trypomastigotes at 2 μg/mL (Corrêa, 

Tempone et al. 2011) whereas other drimanes such as mukaadial (51) and its activity 

against T. evansi and T. brucei in mice are covered in detail in the review by Jansen and de 

Groot (2004). Polygodial (46) extracted from T. lanceolata added in combination with 

indole and sorbic acid led to a 4 fold increase in activity against blue mussel (Mytilus edulis 

galloprovincialis) (Ban, Singh et al. 2000) and individually polygodial (46) can also act as 

underwater biofouling agent (Eto 2000). This result suggested that polygodial (46) and its 

derivatives could show some potential as a safe antifouling agent. 

The review by Jansen and de Groot (2004) comprehensively summarized the 

antinociceptive, antiallergic and anti-inflammatory activity of polygodial (46) and other 

drimanes in mice and rats. This review provides an update on the biological activities 

reported on polygodial (46) and other drimanes since 2003. Polygodial (46) possesses 

antiallergic effect for asthmatics, with allergic responses mediated by acetylcholine, 

histamine, ovalbumin, bradykinin, substance P, prostaglandin E2 and tachykinin NK2 

receptor being inhibited. This was demonstrated by inhibition of tracheal contraction in 

guinea-pig ileum in-vitro, after administration of polygodial (46) in combination with any 

of the above mentioned mediators and this suggested polygodial (46) shows efficacy as an 

anti-inflammatory agent (El Sayah, Filho et al. 1997). Polygodial (46) and drimanial (54) 

have also been shown to possess neurogenic antinociception in neonatal rats. The 

mechanism deduced was that, inhibition of glutamate binding in the spinal cord and 
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decreased expression of TRPV1 (transient receptor potential cation channel subfamily V 

member 1) in dorsal root ganglia, all leads to antinociceptive effect in addition to thermal 

antihyperalgesic effects (Martini, Cereser et al. 2006). Another study suggested that 

reduction of capillary permeability and fragility or inhibition of nitric oxide production 

could be one of the mechanisms by which polygodial (46) inhibits the inflammatory 

response in a host (Wang, Nair et al. 1999). Polygodial (46) has been shown to act as 

antihyperalgesic agent when assessed in a model of nociception in mice and rats 

(Malheiros, Filho et al. 2001) and this was result was supported by the fact that the 

polygodial (46) is an antagonist of vanilloid receptors  by increasing the intracellular Ca2+ 

influx (André, Campi et al. 2006). However, in other research conducted with polygodial 

(46), it was shown to be active against ion channel receptor TRPA1 (transient receptor 

potential A1) due to its ability to covalently modify cysteine residues in  TRPA1, leading to 

channel activation, rapid signaling and potential tissue damage via a pain pathway (Perry 

and Gould 2010). Hence, all these studies suggest that polygodial (46) and related 

drimanes could potentially be good anti-inflammatory agents. 

Polygodial (46) has also been shown to be cytotoxic to human KB (mouth epidermoid), 

HL60 (promyelocytic leukemia) and HCT 116 (colon) cancer cell lines (Allouche, Apel et al. 

2009). Polygodial (46) and its C-11 epimer isotadeonal (70) along with two drimane 

alcohols drimendiol (74) and isodrimeninol (75), showed antifeedant activity and growth 

inhibition towards the Egyptian cotton leaf worm, Spodoptera littoralis (Boisduval) (Lep., 

Noctuidae) and Colorado potato beetle larvae (Gols, Van Loon et al. 1996, Zapata, Budia et 

al. 2009) (see Figure 2.6 for chemical structure). Although all of the isolated compounds 

showed antifeedant and growth inhibitory activity, the most potent among them was 
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polygodial (46), while its epimer, isotadeonal (70), was less potent (Gols, Van Loon et al. 

1996). In another study, polygodial (46) was painted on tomato leaves in order to see if it 

had any effect on the leaves morphology. It was surprising that leaf damage such as slight 

pitting after 48 hours of application were observed at concentrations ≥18 µg/g of the 

fresh weight, leading to a deleterious effect on the plant. However, when a concentration 

of 2250 µg of polygodial /g of leaf fresh weight were applied, the leaves died (Prota, 

Bouwmeester et al. 2014). This suggests that polygodial (46) might have potential as an 

herbicide. Polygodial (46) shows allelopathic effects that could be used to control seed 

germination since when it is applied synergistically with trans-cinnamic acid to seeds, 

inhibition of root elongation via restriction of proton transport from the cytoplasm of 

germinated cells is observed (Fujita and Kubo 2003).  

Drimane-acetals such as polygodial 12α-acetal (100) and polygodial 12β-acetal (101) have 

been shown to possess gastro protective properties and have been patented as a 

potential antiulcer medication (Matsuda, Pongpiriyadacha et al. 2002, Murakami, Nakano 

et al. 2003). The drimane alcohol, drimenol (73) shows antibacterial activity against S. 

aureus, B. cereus, A. baumanii, E. coli and P. aeruginosa (Santos, Dognini et al. 2013). It is 

also active against the trypomastigote form of T. cruzi (parasite) (Munoz, Maya et al. 

2013).   

Other drimane dialdehydes such as warbuganal (55), mukaadial (51) have been shown to 

possess antifungal activity against C. albicans (Kubo 1999) and warbuganal (55) has also 

been demonstrated to have antifeedant activity against Colorado potato beetle larvae and 

army worm (Kubo, Lee et al. 1976, Gols, Van Loon et al. 1996).  
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Drimanes containing cinnamate, coumarate and 4-methoxycinnamate esters groups 

attached at the 1β position are common in many Winteraceae species and some have 

been shown to possess interesting biological activities. Drimanial (54) inhibits glutamate 

uptake by astrocyte leading to antinociception in mice (Martini, Cereser et al. 2006). 

These antihyperalgesic effects are due to participation of TRPV1 and drimanial is believed 

to be involved in reducing its expression (Scheidt, Santos et al. 2002, André, Campi et al. 

2006, Martini, Cereser et al. 2006). 1-β-(p-methoxycinnamoyl) polygodial (50) and 

mukaadial (51) also exhibit antinociceptive activity because of their interaction with 

vanilloid receptors (Malheiros, Filho et al. 2001, Della Monica, De Petrocellis et al. 2007). 

1β-cinnamoyldrimane esters such as cinnamoyl-6α-hydroxy-9-epi-polygodial (71), 1-β-O-E-

cinnamoyl-6α-hydroxypolygodial (56), 1β-O-E-cinnamoyl-5α-hydroxypolygodial (52), 1β-O-

E-cinnamoylpolygodial (48) and 1β-O-(p-methoxy-E-cinnamoyl)-6α-hydroxypolygodial (58) 

isolated from Zygogynum species have been reported to possess cytotoxicity against 

human mouth epidermoid, promyelocytic leukemia and colon cancer cell lines in the IC50 

range from 0.1 to 1.2 µM (Allouche, Apel et al. 2009). Some other cinnamate esters, 1-β-

(p-methoxycinnamoyl)-polygodial (50), 1-β-(p-coumaroyloxy)-polygodial (49) and paxidal 

(61) show antifungal activity against C. albicans, Epidermophyton floccosum, Tricophyton 

rubrum and Phytophthora infestans (Lee, Lee et al. 1999, Malheiros, Cechinel Filho et al. 

2005, Brennan, Larsen et al. 2006).   

The drimane lactone, confertifolin (83) showed good antibacterial activity against 

Enterococcus faecalis (minimum inhibitory concentration, MIC 31.25 μg/mL) as compared 

to a positive standard, streptomycin (MIC 25 μg/mL), but did not impact on the growth of 

Bacillus subtilis, Erwinia sp., E. coli, K. pneumoniae, P. aeruginosa, S. aureus and S. 
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epidermidis (Duraipandiyan, Indwar et al. 2010). Confertifolin (83) also shows antifungal 

activity against Epidermophyton floccosum, Curvularia lunata, and Scopulariopsis sp. (MIC 

7.81 μg/mL) and moderate activity against A. niger, Botrytis cinerea, Magnaporthe grisea, 

Trichophyton mentagrophytes, Trichophyton rubrum (MTCC 296 and clinical isolate) and 

Trichophyton simii (MIC 16.62–125 μg/mL) as compared to fluconazole (MIC < 12.5–

100 μg/mL) and ketoconazole (MIC < 12.5 μg/mL) (Duraipandiyan, Indwar et al. 2010). 

Confertifolin (83) can also act as a repellent against larva of the mosquito, Anopheles 

stephensi (human vector for the malaria parasites, Plasmodium falciparum and 

Plasmodium berghei) (Maheswaran and Ignacimuthu 2013). Isodrimenin (84) is active 

against the trypomastigote form of T. cruzi with an IC50 value of 27.9 µM (Munoz, Maya et 

al. 2013).  

2.2.6.3 Phenyl-3-tetralones 

Phenyl-3-tetralones have been found exclusively in Zygogynum species. Four of these 

compounds, 3’-deoxyzygolone A (142), isozygolone A (145), zygolone A (143) and 4'-O-

Methyl zygolone A (144) have been reported to have antiproliferative activity against 

cancerous mouth epidermoid cell lines (Allouche, Apel et al. 2009), while 3’-

deoxyzygolone A (146), isozygolone A (145), zygolone A (143) and 4'-O-Methyl zygolone A 

(144) are also active against colon carcinoma cell lines such as COLO205, KM12 (Devkota, 

Covell et al. 2013) and KB tumour cell lines (see Figure 2.15 for chemical structure). These 

tetralones bind to peroxisome proliferator-activated receptor-γ (PPARs) (Allouche, Morleo 

et al. 2008) and hence could play a role in inflammation and vascular modelling. 
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2.2.6.4 Flavonoids 

Flavonoids are ubiquitous chemicals that have been reported from a wide variety of plant 

species and with a huge number of chemical variants. The biological activities reported for 

this class are equally diverse and reviews by various authors (Harborne and Williams 2001, 

Ghosh 2005, Wei and Shibamoto 2007) have comprehensively reported on this bioactivity. 

A key feature of many flavonoids is their antioxidant potential. Other general activities 

include their ability to act as pollinator attractants in flowering plants because of their 

diverse colours, to act as phytoalexins (plant toxin produced at site of infection) or as 

antibacterial agents (Glazebrook and Ausubel 1994). Flavonoids have been shown to help 

prevent insect attack of plants (Harborne and Williams 2001). Bioassay guided 

fractionation leads to isolation of 5,4’-dihydroxy-6,7-dimethoxyflavone), quercetin (115), 

taxifolin (129), astibilin (127) as the active constituents against mouse leukaemia 

lymphocytes (P388) (Cruz, Silva et al. 1973). 

 Prenylated flavones have so far only been isolated from one species within the 

Winteraceae, the fruits and twigs of P. axillaris. This subclass of flavonoid show a limited 

distribution in the plant kingdom and bioactivity associated with these compounds has 

been reported to include phytoestrogenic, antimalarial, cyctotoxic, antiviral and 

antioxidant properties (Chen, Mukwaya et al. 2013) but none of the prenylated flavones 

isolated from the Winteraceae been reported to possess biological activity.   
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2.2.7 Future perspective and conclusion 

In this review, the ethnopharmacology that has been reported for Winteraceae species 

has been shown to have provided a good starting point for the discovery of a number of 

natural products with therapeutic potential. Pain control, fever, inflammatory diseases, 

gastric disorders and infections are all prominent discomforts that have been treated 

successfully with plants from the Winteraceae. Taking the knowledge gained from 

studying these well know traditional medicinal plants (such as D. winteri and P. colorata) 

and extending studies to less well known members of the family will undoubtedly lead to 

the discovery of many more bioactive compounds, some of which could lead to 

treatments for pain, inflammation and infections. This review has highlighted a significant 

gap in the current knowledge relating to the chemistry and biological activity of species 

from Australia, New Guinea, Melanesia and South East Asia. The majority of species 

present in the family belong to the genera Tasmannia and Zygogynum from the above 

noted regions and these genera are the least chemically studied. A comprehensive 

evaluation of these species will most likely lead to the discovery of beneficial molecules. 

Chemical studies on Australian and Melanesian Zygogynum species will also help to 

resolve taxonomic uncertainly within this genus, since the chemistry reported to date 

suggests that aryl-3-tetralones could be a good chemotaxonomic marker for the genus. 

The discovery of additional aryl-3-tetralones will also provide useful data to assess the 

potential of aryl-3-tetralones as anticancer agents. Investigation of the essential oil 

content of unstudied Winteraceae species (mainly from Melanesia) could also provide 

potentially new sources for commercially important monoterpenes, sesquiterpenes for 

the food flavouring and perfumery industries. 
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3 Terminalia ferdinandiana 

3.1 Terminalia ferdinandiana extract: Phytochemistry and 

antibacterial activity  

 

Chapter 3 comprises of an assessment of the phytochemistry and antimicrobial activity of 

extracts derived from the fruit of the Terminalia ferdinandiana. It is divided into two 

sections:  

 

Section 1 is a published paper which reports on the phytochemistry and bioactivity of 

crude T. ferdinandiana extracts. 

Section 2 is an unpublished manuscript. It reports on the bioactive compounds 

responsible for the antimicrobial bioactivitiy of the methanol fruit extract, which was 

identified using a bioassay guided approach. 

 

The small scale studies for T. ferdinandiana were conducted on material obtained from 

Wild Harvest (Darwin) and large scale studies were conducted on material obtained from 

Coradji (Broome) since the larger amount of material required could not be accessed from 

the original source. Although there is evidence in literature that there can be variation in 

the of vitamin C content between fruits sourced from different geographical locations, the 

chromatographic profile of the antibacterial regions of the extracts from both sources 

were found to be the same. As a result, the bioactivity observed from samples taken from 

both sources was believed to be equivalent. 

 

This Section 1: 

Cock, I.E. and Mohanty, S., Evaluation of the anti-bacterial activity and toxicity of 

Terminalia ferdinandia fruit extracts. Pharmacognosy Journal 2011, 3(20), 72-79. 
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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 
broadest specificity, inhibiting the growth of 13 of the 14 bacteria tested (92.9%). The deionised water extract inhibited 
the growth of 11 of the 14 bacteria tested (78.6%). The ethyl acetate, chloroform and hexane extracts inhibited 21.4%, 
28.6% and 14.3% respectively. T. ferdinandiana methanolic extracts were approximately equally effective against gram-
positive (100%) and Gram-negative bacteria (90%). All other extracts were more effective at inhibiting the growth of 
gram-positive bacteria. the water, ethyl acetate, chloroform and hexane extracts inhibited the growth of 100, 50, 50 and 
50% Gram-positive bacteria respectively. In contrast, they inhibited the growth of 70, 10, 20 and 0% Gram-negative 
respectively. all T. ferdinandiana extracts were either non-toxic (ethyl acetate, chloroform, hexane) with no significant 
increase in mortality induction, or of low toxicity (LC50 >1000 µg/ml) (methanol, deionised water) in the 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.

Key words: Terminalia ferdinandiana, Kakadu plum, antibacterial, medicinal plants, phytotoxicity, superfoods

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 flowers at the end of  dry season (September-
November) and develops fruits from the middle of  the 
wet season (January-June) to the early part of  dry season. 
The fruit are 1.5 to 2 cm long ovoid shaped smooth fleshy 
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 

astringent and have a pleasant but tart, slightly bitter flavour 
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] Some studies have estimated the levels of  
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Antibacterial screening
Test microorganisms
All microbial strains were obtained from Michelle Mendell 
and Tarita Morais, Griffith University, Australia. Stock cultures 
of  Aeromonas hydrophilia, Alcaligenes feacalis, Bacillus cereus, 
Citrobacter freundii, Escherichia coli, Klebsiella pneumoniae, Proteus 
mirabilis, Pseudomonas fluorescens, 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 
using a modified Kirby-Bauer disc diffusion method.[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 extracts were tested using 5 mm sterilised filter 
paper discs. Discs were impregnated with 10 µl 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 Alcaligenes feacalis, Aeromonas hydrophilia, 
Bacillus cereus, Citrobacter freundii, Klebsiella pneumoniae, Proteus 
mirabilis, Pseudomonas fluorescens 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 
triplicate. Mean values are reported in this study. Standard 
discs of  ampicillin (2 µg) and chloramphenicol (10 µg) 
were obtained from Oxoid Ltd. and served as positive 
controls for antimicrobial activity. Filter 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 
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 
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.

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 
fruit may also have beneficial health related bioactivities.

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] anti-inflammatory,[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 fruit pulp was a gift from David Boehme 
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 
and dried in a Sunbeam food dehydrator. The dried pulp 
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 
extracts were filtered through filter paper (Whatman No. 
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 
passed through 0.22 µm filter (Sarstedt) and stored at 4°C.
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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.

10 µl of  each extract (50 µg) 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 
hexane extracts each had narrower specificity, inhibiting 
3 (21.4%), 4 (28.6%) and 2 (14.3%) of  the tested bacteria 
respectively.

Both Gram-positive and Gram-negative bacteria were 
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 
antibacterial specificity towards 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) (AR grade, Chem-Supply, 
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. Mevinphos 
(2-methoxycarbonyl-1-methylvinyl dimethyl phosphate) 
was obtained from Sigma-Aldrich as a mixture of  cis (76.6%) 
and trans (23.0%) isomers and prepared as a 4 mg/ml stock 
in distilled water. The stock was serially diluted in artificial 
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 
of  active plant constituents with the following modifications. 
Artemia franciscana Kellogg cysts were obtained from North 
American Brine Shrimp, LLC, USA (harvested from the 
Great Salt Lake, Utah). Synthetic seawater was prepared 
using Reef  Salt, AZOO Co., USA. Seawater solutions at 
34 g/l distilled water were prepared prior to use. 2 g of  
A. franciscana cysts were incubated in 1 l synthetic seawater 
under artificial light at 25°C, 2000 Lux with continuous 
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 
density by placing an artificial light at one end of  their 
incubation vessel and the nauplii rich water closest to the 
light was removed for biological assays. 400 µl of  seawater 
containing approximately 42 (mean 41.6, n = 150, SD 17.8) 
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 
concentration in the bioassay. 400 µl 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 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 number per 
well. The LC50 with 95% confidence limits for each treatment 
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 
growth at concentrations below 500 µg/ml. P. mirabilis 
growth was also inhibited by low concentrations (<100 µg/ ml) 
of  the deionised water extract, whilst C. freundi, E. coli, 
P. fluorescens and S. epidermidis were all inhibited by the water 
extract at concentrations below 500 µg/ml.

Qantification of toxicity
The T. ferdinandiana fruit extracts (Figures 1a-e) were diluted 
in artificial seawater for toxicity testing in the 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, P. fluorescens, S. newport 
and S. pyogenes, as seen by minimum inhibitory concentration 
(Table 3). Indeed, the growth of  these bacteria was 
inhibited by low concentrations (<100 µg/ml) of  the extract. 

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 
within the first 3 hours of  exposure. 100% mortality was 

toxins potassium dichromate (800 µg/ml) (Figure 1g) and 
Mevinphos (2000 µg/ml) (Figure 1h) were also tested in 
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 
previously reported results for South American,[38] 
African,[39-40] and Australian[41] plant extracts. Results within 
this laboratory have also confirmed the greater susceptibility 
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 
for the extracts antiseptic potential were not identified in 
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 
2000 µg/ ml to 15 µg/ml 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  
900 µg/ml for both the methanol and water extracts and 
72 hour LC50 values of  886 µg/ml and 900 µg/ml respectively, 
compared to 48 h and 72 h LC50 values of  525 µg/ml and 
109 µg/ml for Mevinphos. Potassium dichromate was 
substantially more toxic at 24 hours (24 h LC50 92 µg/ml), 
48 hours (48 h LC50 86 µg/ml) and 72 hours (72 h LC50 
83 µg/ml).

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 – – – – –

– denotes values that were not obtained as ≥ 50% mortality was not obtained at this time point.
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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 
low toxicity. Both of  these extracts displayed 24, 48 and 
72 h LC50 values of  approximately 900 µg/ml. As an LC50 
of  ≥1000 µg/ml is defined as nontoxic,[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 
agents is warranted. Likewise, purification and identification 
of  the bioactive components is needed to examine the 
mechanisms of  action of  these agents. Whilst the extracts 
examined in this report 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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example, epigallocatechin gallate (EGCG), the most 
abundant polyphenol of  tea leaves (Camellia sinensis) has 
well established inhibitory activity towards S. aureus growth 
although this activity is unstable due to oxidation.[44,45] The 
addition of  ascorbic acid to EGCG solutions has been 
shown to significantly enhance their antibacterial activity 
and to prolong their inhibitory effect.[46]

Gallic and ellagic acids, as well as their derivatives, have been 
reported to be present in T. ferdinandiana fruit.[13] As these 
compounds have well established antibacterial activities,[14,15] 
they may be responsible, at least in part, for the bacterial 
growth inhibitory effects of  T. ferdinandiana fruit reported 
here. Similarly, gallic and ellagic acids also have well 
documented antifungal,[16,17] antiviral,[18] anti-inflammatory,[19] 
antimutagenic,[20] antiallergic[21] and anticancer[22,23] bioactivities. 
Further studies to examine T. ferdinandiana fruit extracts 
against these bioactivities is also warranted.

T. ferdinandiana fruit has also been reported to contain a 
number of  other important phytochemical components, 
vitamins and nutrients which could contribute to medicinally 
important bioactivities of  this plant, including antibacterial 
activity. Whilst T. ferdinandiana fruit extracts are not yet 
fully characterised due to difficulties in separating some 
components, high levels of  antioxidant molecules have been 
reported. Apart from the high ascorbic, gallic and ellagic 
acid levels previously discussed, T. ferdinandiana fruit also 
contains high levels of  phenolic compounds. Indeed, 
phenolic compound levels nearly 5 fold higher than in 
blueberries have previously been demonstrated to be 
associated with polar T. ferdinandiana fruit extracts.[9] These 
authors noted T. ferdinandiana fruit to be very rich in 
chlorophyll a and also to have high levels of  chlorophyll b. 
Both chlorophyll a and b have previously been shown 
to be capable of  relieving oxidative stress.[47] Lipophilic 
T. ferdinandiana fruit extracts are rich in lutein (a carotenoid 
antioxidant compound associated with eye health) and with 
vitamin E and vitamin E analogues.[9] Other antioxidants 
present in T. ferdinandiana fruit include the glucosides 
quercetin and hesperitin, and the glycosides kaempferol 
and luteolin.[9] T. ferdinandiana fruit is also a good source of  
the minerals magnesium, zinc, calcium, potassium, sodium, 
iron, phosphorous, manganese, copper and molybdenum.
[9] Of  further interest, the same study also noted a high 
potassium/sodium ratio in T. ferdinandiana fruit.[9] As high 
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The findings reported here also indicate that T. ferdinandiana 
fruit extracts display low toxicity towards Artemia franciscana. 
Indeed, the ethyl acetate, chloroform and hexane extracts 
did not induce mortality above that seen for the seawater 
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3.2 Terminalia ferdinandiana: Bioassay guided purification of 

antimicrobial compounds 

 

Section 2 comprises of an assessment of the bioassay guided fractionation, to search for 

the antimicrobial bioactive of active extracts derived from the fruits of T. ferdinandiana. 

The spectra for isolated compounds from T. ferdinandiana can be found in Section 3.3 

“Spectra for isolated compounds of Terminalia ferdinandiana”. 
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3.2.1 Abstract 

Food spoilage caused by microorganisms and food poisoning caused by microbial 

contamination are major concerns to the food production industry. Artificial preservatives 

can cause adverse reactions in humans and pets. Consequently, health and economic 

concerns have led to a search for natural alternatives that can safely be used as 

substitutes for synthetic preservatives to partially or completely inhibit the growth of food 

spoiling bacteria. Australian native plants have a long history of use as foods and 

medicines and one particular fruit of the Australian bush food, Terminalia ferdinandiana 

(Kakadu plum) have previously been show to possess antimicrobial activity against food 

borne microbial pathogens. The most potent antimicrobial activity was shown to be 

associated with the methanol extract of the fruit of T. ferdinandiana and in this current 

study, bioassay guided purification has led to the isolation of seven bioactive polyphenolic 

compounds, corilagin, 1,3,6-trigalloyl glucose, elaeocarpusin, chebulagic acid, chebulinic 

acid, geraniin and heliscopin B. Elaeocarpusin and helioscopin B were the most potent 

antibacterial constituents against B. cereus and chebulinic acid was active against 90% of 

the panel of bacteria tested. The antimicrobial activity of a number of these compounds 

isolated from T. ferdinandiana fruits has been evaluated for the first time. The potency of 

the antimicrobial activity of the constituents present in the fruit extract of T. 

ferdinandiana suggests that the individual compounds could be used as natural 

preservatives in food preparations. The study has also identified compounds that could be 

used as quality control markers for routine analysis to assess the batch to batch efficacy of 

T. ferdinandiana as a functional food. 
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3.2.2 Introduction 

Food borne diseases as a result of food poisoning or food spoilage is a major issue for the 

food industry (Havelaar, Brul et al. 2010, Newell, Koopmans et al. 2010) as there are 

approximately 76 million cases of food borne illness (in USA alone) each year (Lynch, 

Painter et al. 2006). The World Health Organization (WHO) reported that food borne 

disease is responsible for high levels of mortality in the general population, with infants, 

the elderly and immunocompromised people at the highest risk (Gaur, Patrick et al. 2001, 

Lynch, Painter et al. 2006). One of the major food borne diseases, diarrhoea, was 

estimated to affect one million people in 2013 (Mathers, Stevens et al. 2013). The 

contamination of food can occur at all stages of food production from preparation to 

consumption. Food poisoning can lead to diseases with neurological, gynecological or 

immunological symptoms. To avoid food contamination, control measures such as the 

addition of chemical preservatives, heating or refrigeration are commonly used. Some 

major factors that are generally considered to increase the shelf life of fruit, vegetable or 

fresh animal produce (meat, dairy or seafood) are packaging and protection from physical 

injury, delayed ripening (through chemical ripening), prevention of bacterial and fungal 

infections (through antifungal chemical and antimicrobial treatments) (Branen 1993, 

Rasooli 2007). Many solutions have been developed to prevent physical injury or delay 

ripening while in many parts of the world refrigeration is still not practical. Prevention of 

bacterial or fungal infection has relied heavily on the addition of chemicals such as 

sulphites and nitrites to food. People with Attention Deficit Hyperactivity Disorder (ADHD) 

or who suffer from life threatening reactions to these preservatives however, must avoid 
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consuming foods containing these substances (Rasooli 2007). Furthermore, the use of 

sulphites as chemical preservatives in the largely unregulated pet food industry has 

caused significant health concerns for animals that consume these preservatives such as: 

thiamine deficiency and anemia (Walker 1985). Therefore, there is an unmet need to find 

alternative preservatives with less adverse side effects. Some foods have been shown to 

possess antimicrobial properties and these foods could therefore have the potential to 

also be used as functional foods: to improve the well-being of the gut or as a measure to 

overcome antimicrobial resistance.  

In this study constituents from the fruits of the Australian bush food Kakadu plum (T. 

ferdinandiana) were investigated for their antimicrobial properties against food spoilage 

bacteria and human bacterial pathogens. T. ferdinandiana is classified within the family 

Combretaceae. This family consist of 20 genera and 600 species, with the genus 

Terminalia displaying the highest species diversity with 200-250 described species. 

Terminalia species are distributed in tropical to subtropical regions ranging from Africa, 

Asia and Australia. There have been many reports on the ethnobotanical usage of the 

Terminalia species and traditionally plant parts such as bark, leaves, roots and fruits have 

been used to treat heart problems, gastric issues, HIV/AID, tuberculosis, malaria, to 

eradicate parasitic worms and as a poison antidote, while the wood of some species have 

been used to make furniture. The majority of the Terminalia species studied chemically 

have been shown to contain tannin like molecules such as gallic acid, ellagitanins and 

flavonoids as well as triterpenes. Previous studies conducted on various Terminalia 

species have been investigated for the chemical/biomedical basis of their ethnobotanical 

use or researched for their unknown chemistry and biological activity of uninvestigated 
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species, which may have a similar chemical profile to known related ethnobotanically 

exploited species. For example, Terminalia triflora, has been reported to possess 

promising activity for the inhibition of HIV-1 reverse transcriptase (Martino, Morales et al. 

2004) and this species was investigated because other related species were traditionally 

used as antimicrobial agents. The fruits of eight Terminalia species have been reported to 

be used as traditional medicines including Terminalia arjuna (cancer), Terminalia bellirica 

(chest infection and laxative), Terminalia catappa (dysentery), Terminalia chebula 

(diarrhoea, diabetes and antipyretic), Terminalia citrina (Asthma, diarrhoea, boils, burns 

and constipation), T. ferdinandiana (medicinal use in Arnhem land), Terminalia 

macroptera (snake bites), Terminalia schimperiana (tuberculosis) and Terminalia sericea 

(tuberculosis). Four Terminalia species have been reported to be used widely as food 

sources by Indigenous Australians (Table 3.1) and although no detailed medicinal uses 

have been documented, Isaac reported in 1987 that T. ferdinandiana was used 

traditionally more as a medicine than as a food. Interestingly, studies on African 

Combretaceae fruits suggested that they are toxic and serve no medicinal potential 

(Rogers and Verotta 1996). 
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Table 3.1: Australian Terminalia species and their traditional uses. 

Botanical name Common name Region Use 

Terminalia carpentariae Wild peach Arnhem land Bark chipped and clear gum 

eaten (popular food). Green 

peach like fruit eaten raw. Red 

sap in inner bark used for 

rubbing tired and swollen feat. 

Terminalia ferdinandiana Green plum Northern 

Territory (NT), 

Western 

Arnhem land 

Eaten (especially by children) 

and fruit taken on hunting trips, 

red sticky inner bark used to 

treat leprosy, sores and 

backache. 

Terminalia grandiflora Native almond Kimberleys, 

Western 

Australia (WA) 

Shells cracked to eat the kernel. 

Terminalia melanocarpa Black fruit Cape York Eaten in times of food scarcity. 

Terminalia platyphylla  NT, WA and 

Queensland 

Fruit eaten and sap chewed or 

sucked. 

Terminalia sericocarpa or 

T. microcarpa (under 

review) 

Damson Cairns Fruit eaten. 

Source: (Isaacs 1987, Isaacs 1996) 

 

In total 30 species of Terminalia are found in Australia and the South Pacific region. One of 

the widely used species found in Southern Asia (including India, Sri-Lanka, Vietnam, 

Malaysia and China) is Terminalia chebula retzius which is known as black mytobalan, 

inkut and chebulinic myrobalan. Traditionally the leaves have been used in Taiwan to treat 

hepatitis, while in India the fruit extract is used to treat diarrhoea. It has also been used to 

treat tumours (Mishra, Agrawal et al. 2013), eye disorders, coughs, gastric issues (Gautam, 

Goel et al. 2012), inflammation, diabetes, as an anthelmentic, cardio-tonic and as an 

antimicrobial agent (Bag, Bhattacharyya et al. 2009, Lee, Boo et al. 2011). In contrast to 

the rich variety of reported medicinal uses for South East Asian Terminalia species, the 
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medicinal properties of species present in Australasia have been largely unreported. The 

fruit of T. ferdinandiana (Combretaceae) is also known as Billygoat plum, Kakadu plum, 

bush plum, green plum (Cribb, Cribb et al. 1974) and murunga (Arnhem land) (Isaacs 1996) 

and is a native fruit of northern Australia. It has reportedly been used as a refreshment 

and traditionally was used to treat different disorders such as skin infections (Isaacs 1987). 

The fruits have been claimed to be medicinal by Indigenous Australians living in central 

Arnhem land (Northern Territory, Australia) (Isaacs 1996), whereas other Indigenous 

Australians have been known to use it as an instant source of energy or as a refreshment 

(Brock 2005). Indigenous people from Western Australian processed the fruit by crushing 

and soaking it in water to create a drink with an acidic or citric taste (Clarke 2011). The 

fruit was traditionally a food that was taken on hunting trips where there was a need to 

carry foods that possessed high energy value (high sugar and mineral content) but at the 

same time did not spoil quickly. The inner bark is used for the treatment of sores, back 

ache, boils (Low 1990), swelling, ringworm and leprosy sores (Brock 2005). 

Recently a significant amount of commercial interest has been ascribed to the fruit of T. 

ferdinandiana because of its use in boutique foods, cosmetics, its potential to be used as 

bio preservative in the food industry (Brossier, Cusack et al. 2011) and because it has an 

exceptionally high vitamin C content and antioxidant activity (Netzel, Netzel et al. 2007, 

Konczak, Maillot et al. 2014). The concentration of vitamin C found in Kakadu plum is 

between 173.5 to 322.2 mg/g (dry weight) and is thus one of the most concentrated 

natural sources of the Vitamin C (Konczak, Maillot et al. 2014). Previous studies on the 

bioactivity of constituents present in T. ferdinandiana fruits suggested that the strong in-

vitro antioxidant activity was due to gallic acid and ellagic acid (Netzel, Netzel et al. 2006, 
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Konczak, Zabaras et al. 2010) or chlorophyll a and chlorophyll b which have previously 

been shown to be capable of relieving oxidative stress (Motilva 2008). Previous chemical 

investigations have shown that the fruits contain benzoic acid, flavanols or flavanones, 

lutein, vitamin E and vitamin E analogs, hesperitin and glycosides (kaempferol, luteolin 

and quercetin) (Konczak, Zabaras et al. 2010). Research conducted by Konczak et al (2014) 

showed that T. ferdinandiana collected from different regions possessed different 

phytochemical profiles. Fruits collected from Western Australian sites possessed high 

levels of sugars in comparison to fruits obtained from Northern Territory sites which 

contained high levels of phenolic compounds and vitamin C. In another study the crude 

methanol and water extracts were shown to possess antibacterial activity with both 

extracts being approximately  of equal effect against four out of four gram-positive (100%) 

and nine out of ten gram-negative bacteria (90%) when tested at a concentration of 37 

mg/mL (MeOH extract) or 50 mg/mL (water extract). These extracts were also shown to 

have low toxicity towards Artemia franciscana (brine shrimp) (Cock and Mohanty 2011). 

Additional research by Brossier, Cusack et al. (2011) showed that ethanol extract from T. 

ferdinandiana was antibacterial against Staphylococcus aureus, methicillin-resistant S. 

aureus (MRSA), Listeria monocytogenes, B. cereus, Bacillus subtilis, Escherichia coli, 

Pseudomonas aeruginosa, Acinetobacter baumannii and antifungal against Geotrichum 

candidum and the authors believed that gallic acid was responsible for this activity. 

Brossier, Cusack et al. (2011) also proposed that T. ferdinandiana could act as a bio-

preservative for increasing the shelf life of seafood and meat products because of the fruit 

extract’s antibacterial activity towards food spoilage microbes. No studies have been 

undertaken to definitively identify the compounds present in the fruit that are  
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responsible for its antimicrobial activity, although predictions have been made that 

antioxidative compounds such as gallic acid (Sato, Oketani et al. 1997, Brossier, Cusack et 

al. 2011), ellagic acid or flavonoids such as quercetrin were responsible for the 

antibacterial activity (D'Souza, Wahidulla et al. 2010). This study herein reports for the 

first time on the chemical constituents present in the fruit of T. ferdinandiana that are 

responsible for its antibacterial activity such as chebulagic acid and chebulinic acid. These 

compounds were identified through bioassay guided purification and spectroscopic 

analysis. Figure 3.1 shows the chemical structures of isolated compounds from the fruit of 

T. ferdinandiana. 
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Figure 3.1: Chemical structures of compounds isolated from Terminalia ferdinandiana 

fruit compounds.  
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3.2.3 Material and method 

3.2.3.1 Chemicals 

All chemicals were HPLC grade (purity > 99%), HPLC grade solvents were purchased from 

Chemsupply (Adelaide Australia) and Milli-Q water was produced by an ultrapure water 

purification system (Millipore, USA). 

3.2.3.2 Plant material  

T. ferdinandiana fruits were purchased from Coradji Pty. Ltd. This company procures the 

fruits from indigenous farmers in the Broome region of Western Australia. 

3.2.3.3 Bacterial Strains and Culture Conditions 

Antibacterial assays were performed using a microbroth dilution assay method described 

in the following section. Microbial cultures used in the study included E. coli (ATCC 15766), 

S. aureus (ATCC 157293), Pseudomonas aeruginosa (ATCC 27853), Enterococcus faecium 

(ATCC 19434) which were obtained from American Type Culture Collection (ATCC; 

Manassas, VA) while the remaining strains were obtained from Griffith Universities 

teaching laboratories and included Bacillus cereus, Streptococcus pyogenes, Proteus 

mirabilis, Alcaligenes faecalis, Klebsellia pneumonaiae, Serratia marcescens, and 

Salmonella enterica typhimurium. All of the microbes were subcultured and maintained in 

nutrient broth (Oxoid, South Australia) except for Streptococcus pyogenes and 

Enterococcus faecium which were cultured in Brain Heart Infusion (BHI) medium (Oxoid, 

South Australia) at 4 oC. Antibiotics that were used as positive controls were Ampicillin 

(CalBiochem, Victoria Australia) and ciprofloxacin (Sigma, New South Wales, Australia). 
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Resazurin (Sigma, New South Wales, Australia) was used as a metabolic dye to determine 

rates of bacterial growth. Microbroth assays were done in 96 well microtitre flat bottom 

plates with lids (BD Falcon, Australia). 

The results of preliminary bioactivity testing on extracts derived from T. ferdinandiana 

fruits have been described previously (Cock and Mohanty 2011). Based on these MIC 

results, major food spoilage bacteria which showed the lowest MIC were chosen for 

subsequent testing and bioassay guided purification using a micro broth dilution assay. 

These bacteria were P. mirabilis and E. coli (gram-negative rods), B. cereus (gram-positive 

rod), S. pyogenes (gram-positive cocci). In addition, microboth dilution assays were 

performed on S. aureus (gram-positive cocci), E. faecium (gram-positive cocci), A. faecalis 

(gram-negative rod), K. pneumoniae (gram-negative rod), S. typhi (gram-negative rod) and 

P. aeruginosa (gram-negative coccobacillus). 

3.2.3.4 Antibacterial assay and determination of the minimum inhibitory 

concentration via microbroth dilution assay 

 All the bacterial cultures were brought to log phase by streaking on nutrient broth agar 

plates and each colony of the respective bacterium was inoculated for 16 hours in 10 mL 

of nutrient broth (Oxoid) at 37 °C with shaking at 180 rpm prior to the broth dilution 

assay. The broth dilution assay was conducted in sterile 96 well plates and was used to 

evaluate the minimal inhibitory concentration of the test material towards E. coli, S. 

aureus, P. aeruginosa, B. cereus, K. pneumoniae, A. faecalis, K. pneumoniae, S. 

typhimurium, S. pyogenes, E. faecium and P. mirabilis. The CFU/mL was adjusted to an 

optical density (OD) of 0.1 at 600 nm, which corresponds to an initial average of 5 x 106 
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CFU/mL which had been previously confirmed with standard plate count method. For the 

assay the bacterial suspension was diluted 1 in 10 with fresh sterile broth (giving 5 x 105 

CFU/mL) and 90 µL was transferred to each well along with resazurin indicator (10 µL, 

167.0 mg/L prepared in sterile milli Q water) and DMSO (2 µL) containing the test extract, 

fraction or pure compound. Each plate contained a set of controls which included three 

wells with positive control for each antibiotic (ciprofloxacin, ampicillin); three wells each 

containing all of the solutions except for the test compound; three wells each containing 

all the solutions except for the bacterial suspension which was replaced with nutrient 

media (90 µL) (background fluorescence reading); three wells each containing all solutions 

except for the test compound but replaced with pure DMSO (2 µL) (solvent control); six 

wells with the negative controls had all of the solutions including DMSO (2 µL) with the 

exception that the bacterial suspension (90 µL) was replaced with nutrient media (90 µL). 

The plates were incubated at 37 °C for 4 hours with shaking (180 rpm). Growth inhibition 

of the bacteria was detected by measuring fluorescence (Emission: 590, Excitation: 544) 

from the resazurin indicator within the well via a Fluostar Omega plate reader. The 

amount of growth in the wells containing test samples was compared with the amount of 

growth in the control wells when determining the growth end points. Triplicate tests were 

performed for each concentration and repeated again to confirm the MIC for isolated 

compounds. The growth was indicated by colour changes from purple to pink (or 

colourless). The lowest concentration at which a colour change occurred was taken as the 

MIC value. The stock of ampicillin was prepared in sterile Milli-Q water (1 mg/ml) and the 

stock of ciprofloxacin (1 mg/mL), was prepared in sterile acidic water (in accordance with 

the suppliers instructions). The isolated natural products and fractions were reconstituted 
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in DMSO (100mM for pure compounds and 10 mg/ml for fractions and crude extracts). 

Some of the compounds tested caused a colour change of the resazurin dye and to 

compensate for this, an extra control well in which the compound, uninoculated media 

and resazurin dye were incubated for the same time period as the treatments and a 

background fluorescence reading was subtracted from the overall fluorescence reading 

obtained in the treatment wells. 

3.2.3.5 Determination of minimum bactericidal concentration 

Two methods were used to determine minimum bactericidal concentration (MBC). For the 

96 well inhibition assays, the well with lowest concentration of the test compound that 

prevented the visible growth of bacteria was defined as the MIC. For MBC, the three 

dilutions above and one below the MIC were used. The first method employed a transfer 

of an aliquot (10 µL) of solution from the MIC broth assay wells to plates containing the 

specific agar used to grow the microbe being tested. This method has previously been 

reported by Gabrielson, Hart (Sambrook, Fritsch et al. 1989, Downes and Ito 2001). The 

second assay method used was a modified version of the 96 well assay previously 

described by (Gabrielson, Hart et al. 2002) and the National Committee for Clinical 

Laboratory Standards (Watts 2008). In this assay 10 µL of the bacterial treated wells from 

the MIC evaluation plates (pure compound and bacteria suspension) were transferred into 

fresh broth (specific for individual bacterial strain) (90 µL) in 96 well microtiter plates and 

incubated for 24 hours at the optimum temperature for the respective bacteria, using the 

same procedure as that used for the MIC determination. In addition, the outermost well 

of the plates were filled with only nutrient broth to avoid dehydration. Six aliquots from 
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selected wells from the MIC dilution assay for each compound and at each concentration 

were assessed in the broth assay and a further six aliquots were assessed using the agar 

plate method. Each mitrotiter plate also contained triplicate negative control wells (for 

aseptic testing) in which only sterile broth (10 µL) was transferred, an additional three 

negative control wells in which sterile broth containing 2% DMSO (10 µL) was transferred, 

triplicate positive control wells in which broth (10 µL) containing healthy bacterial 

suspension were transferred, and an additional three positive control wells contained 

aliquots of bacterial suspension (10 µL) containing 2% DMSO. The MBC assay was also 

performed in triplicate with wells from the MIC plates containing the commercial 

antibiotics (ampicillin, ciprofloxin). To determine if bacterial growth had occurred after a 

24 hour incubation period, wells were visually inspected, resazurin (1 mg/ml, 2 µL) was 

added and the plates incubated for an additional four hours at room temperature with 

shaking. Wells were assessed as containing no bacterial growth if the colour of the well 

remained blue. The MIC and MBC were average values of their respective replicate wells. 

In a similar procedure, positive and negative controls and reference compounds were 

used in the agar plate method. The concentration of the compound from the initial MIC 

dilution assay that did not harbour any bacterial growth on the nutrient media plate 

(which is the conventional plating method) after 48 hours of incubation, were considered 

to be the MBC. 

3.2.3.6 Statistical analysis 

The results of the MIC were calculated as a mean of the replicate tests and the known 

antibiotic MICs were compared to literature data in order to validate the results. 
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3.2.3.7 Extraction and isolation  

3.2.3.7.1 Small scale extraction and purification 

The freeze dried, grounded fruit pulp (5 g) (without seed) was extracted extensively in 250 

ml methanol for 24 hours at 4 °C with gentle shaking. The extracts were filtered through 

filter paper (Whatman No.54) under vacuum followed by concentration by a rotary 

evaporation under vacuum and yielded a greenish yellow gum (1.8 g). The resultant gum 

(1.8 g) was dissolved in MeOH (1.5 mL) and the extract was passed through 0.22 μm filter 

(Sarstedt) and stored at 4 °C. An aliquot of the MeOH extract (1g) was adsorbed onto C18 

bonded silica gel (Alltech Davisil, 4 - 60 µm 60Å) with a 1:1 ratio and packed into a 

refillable stainless steel HPLC cartridge. The cartridge was attached in series to a C18 

bonded silica HPLC column (Thermo scientific, Betasil 21.2 mm x 150 mm) and eluted with 

a solvent gradient of 100% H2O to 100% methanol over 60 minutes at a flow rate of 9 mL 

min-1, followed by elution with methanol for 10 minutes at 9 mL min-1 resulting in a total 

of 71 fractions for collection. The analytical instrumentation for HPLC consisted of a 

Merck-Hitachi HPLC system with L-7100 pump, a D-7000 interface and L-7455 photo diode 

array detector connected to a Gilson 215 auto-sampler and a fraction collector. Data 

collection commenced as soon as the run was started. Antimicrobial activity testing and 

negative electrospray MS analysis of all fractions was used to determine which regions of 

the chromatogram contained antimicrobial compounds and which fractions contained 

pure compounds and/or mixtures of similar compounds that could be combined for 

further purification. The fractions eluting between 11-35 minutes showed antibacterial 

bioactivity. MS analysis of these fractions showed that fractions 15-20 displayed a 
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predominant ion peak at m/z 633 da (14-30% MeOH), fractions 25-35 displayed a 

predominant ion peak at m/z 955 da (30-50% MeOH), while fractions between 21-24 had 

both ions present in the spectra along with a number of other ion peaks. HPLC-QTOF 

analysis of the extract provided data to further characterise the compounds present in the 

antimicrobial active region of the chromatogram. 

3.2.3.7.2 Bulk extraction 

Freeze dried pulp of T. ferdinandiana fruit (55.55 g) was added to methanol (250 mL), 

sonicated (thermoline scientific, Soni 405) for 20 minutes and evaporated to dryness. The 

suspension, sonication and evaporation steps were repeated until no colour remained in 

the suspension (15 times), yielding a green brown gum (30.88 g). An aliquot of this extract 

(18 g) was adsorbed onto C18 bonded silica (18 g) by dissolving the extract in methanol 

(100 mL) adding the powdered C18 silica gel and the suspension re-evaporated to dryness. 

The resultant gel was resuspended in water (100mL), transferred to the top of a metal 

MPLC column (40 mm x 350 mm) containing a bed of C18 silica gel (Alltech Davasil 4-60 

µm, 60 Å) (150 g) that had been preconditioned in water. The column was eluted with H2O 

(1L), followed by 10% MeOH/ 90% H2O (1L), 60% MeOH/40% H2O (1.5 L), 80% MeOH/20% 

H2O (1L) and MeOH (1 L) at 9 mL/min. The fractions were analyzed by negative 

electrospray MS and the 60% MeOH fraction contained the same ion peaks as those 

observed in the bioactive fractions from the small scale bioassay guided purification. This 

fraction was evaporated to dryness to yield a dark brown gum (2.34 g). The gum (2.34 g) 

was re-dissolved in MeOH (10 mL), C18 silica gel (2 g) was added and the suspension re-

evaporated to dryness. The resultant gel was loaded into three refillable HPLC cartridges 
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(10mm x 20 mm) and connected in series to a preparative C18 HPLC column (21mm x 150 

mm). The columns were eluted with a gradient from H2O to 50% MeOH / 50% H2O over 60 

minutes, followed by a gradient to 100% MeOH over 5 minutes, at a flow rate of 9 

mL/min. One minute fractions were collected. All fractions were analyzed by 1H NMR 

spectroscopy. This resulted in corilagan (1) (37-39) (24 mg), 1,3,6-trigalloylglucose (2) (8.7 

mg), elaeocarpusin (3) (5.1 mg), geraniin (4) (1.3 mg), chebulagic acid (5) (18.9 mg), a semi 

pure fraction containing mainly helioscopin B (6) (1.8 mg) and chebulinic acid (7) (18.3 mg) 

being isolated. Due to the small quantity of helioscopin B (6) isolated and the observation 

that is was unstable in both organic and aqueous solutions, the semi-pure helioscopin B 

was used for antimicrobial screening. 1H NMR analysis suggested that helioscopin B was 

contaminated with 15% chebulagic acid. NMR analysis either by 1H NMR and comparison 

with published data or using a combination of 1H and COSY, HSQC and HMBC was used 

confirm the structures of the isolated compounds (Section 3.3 “Spectra for isolated 

compounds of T. ferdinandiana”). The pure compounds were tested for antibacterial 

activity using the microdilution broth assay.  

3.2.3.8 General procedures for mass spectrometry and NMR spectrometry 

Negative electrospray TOFMS ionization was used to analyze HPLC fractions by direct 

injection using a carrier solvent of 50% H2O/50% MeOH. Positive electrospray QTOF MS 

was used for LCMS analysis of crude extracts using a gradient from 90%H2O/ 10% CH3CN 

to CH3CN over 15 min. 

The 1H NMR and 2D NMR spectra were recorded in DMSO on a 600 MHz NMR 

spectrometer (Agilent) and MestReNova 8.1 software was used to process the data. The 
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1H and 13C chemical shifts were referenced to the solvent peak for DMSO-d6 at δH 2.49 and 

δC 39.5. LRESIMS were recorded on an Applied Biosystems Mariner Biospectrometry TOF 

workstation using negative electrospray ionization and a mobile phase of 1:1 MeOH:H2O. 

The crude extract was also analysed by LCQTOFMS in positive ion mode (quadrapoleTOF, 

Agilent Technologies 6530). The crude MeOH extract reconstituted in MeOH (1 mg/mL) 

was injected (3µL) on to a Phenomenex C18 (100 mm x 4.6 mm) HPLC column with a flow 

rate of 1mL/min, eluting with 90% CH3CN / 10% H2O. Eluent were diverted to waste for 

the first 5 minutes and between 5 and 20 minutes the column was eluted in gradient from 

10% CH3CN / 90% H2O to 100% CH3CN over 15 minutes followed by isocratic eluting with 

100% acetonitrile for a further 5 minutes. Mass Hunter Qualitative analysis software 

version 4 was used for the analysis for the LCMS data. The spectra for the below 

compounds are found in Section 3.3 “Spectra for isolated compounds of Terminalia 

ferdinandiana”.  

 Corilagin (1): yellow brown gum (24 mg, 0.10%); (+) HRESI-MS refer to Table 3.2 , 1H NMR 

(DMSO-d6) for 13C already exists in the literature (Yoshida and Okuda 1980, Hatano, 

Yoshida et al. 1988). 

1,3,6-Trigalloyl Glucose (2): yellow brown gum (8.7 mg, 0.04%); (+) HRESI-MS refer to 

Table 3.2, (Jochims, Taigel et al. 1968) 

Elaeocarpusin (3): yellow brown gum (5.1 mg, 0.02%); (+) HRESI-MS refer to Table 3.2, 

(Tanaka, Nonaka et al. 1986) 

Geraniin (4): yellow brown gum (1.3 mg, 0.005 %); (+) HRESI-MS refer to Table 3.2, 

(Yoshida and Okuda 1980) 

Chebulagic acid (5): yellow brown gum (18.9 mg, 0.08 %); (+) HRESI-MS refer to Table 3.2, 

(Hatano, Yoshida et al. 1988) 
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Helioscopin B (6): yellow brown gum (1.8 mg, 0.007%); (+) HRESI-MS refer to Table 3.2,  

Chebulinic acid (7): transparent yellow gum (18.3 mg, 0.07%); (+) HRESI-M/S Table 3.2; 

(Klika, Saleem et al. 2004, Han, Song et al. 2006, Mahajan and Pai 2010). 

Table 3.2: High resolution + ESI MS data for antibacterial compounds present in 

Terminalia ferdinandiana fruit methanol extract. 

Compound Mw Molecular 

formula 

M+NH4 Error 

(ppm) 

M+Na Error 

(ppm) 

MH- 

C7H6O5 

Error 

(ppm) 

Corilagin (1) 634 C27H22O18 652.1144 -0.06 657.0701 0.40 465.0663 -0.15 

1,3,6 

Trigalloyl 

Glucose (2) 

636 C27H24O18 654.1291 -1.5 659.0856 0.17 467.0819 -0.25 

Elaeocarpusin 

(3) 

1110 C47H34O32 1128.1367 -0.39 1133.0915 -0.92 941.0886 -0.50 

Geraniin (4) 952 C41H28O27 970.1151 -0.54 975.0717 0.70 783.0677 0.19 

Chebulagic 

acid (5) 

954 C41H30O27 972.1311 -0.18 977.0862 -0.48 785.0841 1.15 

Helioscopin B 

(6) 

1112 C47H36O32 1130.1498 -2.9 1135.1065 -1.49 943.1047 -0.02 

Chebulinic 

acid (7) 

956 C41H32O27 974.1461 -0.84 979.1021 -0.22 787.0995 0.83 

 

Figure 3.2 is a total ion chromatogram of T. ferdinandiana fruit methanol extract. It 

illustrates the elution order of each of the compounds. 

 

 

An expanded view of the total compound Chromatogram of the antimicrobial bioactive region of the extract. Observed 

masses are for the M+NH4 ions. 

Figure 3.2: Total ion chromatogram (+ ESI TOFMS) of Terminalia ferdinandiana fruit 

methanol extract. 
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3.2.4 Results and discussion  

Preliminary solvent extraction of the fruits of T. ferdinandiana using water, methanol, 

chloroform, ethyl acetate and hexane along with antimicrobial testing of these extracts 

using disc diffusion assay protocols have previously shown that the methanol extract 

displayed the highest antibacterial activity against both gram-positive and gram-negative 

bacteria (Cock and Mohanty 2011). Based upon this initial finding, the current study has 

used bioassay guided purification of the MeOH extract by gradient C18 HPLC to identify 

that antibacterial activity was associated with fractions that elute between 15% 

MeOH/85% H2O and 60% MeOH/40% H2O (Table 3.2). LCMS and 1H NMR analysis of these 

fractions indicated that a mixture of polyphenolic compounds was present in this region of 

the chromatogram. This was further supported by HPLC/QTOF MS analysis which allowed 

the molecular formulae for seven compounds to be identified from accurate mass 

analysis, indicating that all compounds were poly-oxygenated (Table 3.2). In addition, all 

compounds displayed a loss of 189 da from the molecular ion which is indicative of loss of 

a galloyl group from each molecule. To gain a better insight into the specific molecules 

responsible for the antibacterial activity, a larger amount of dried T. ferdinandiana fruit 

pulp was extracted with methanol and repeated preparative C18 HPLC of this extract was 

undertaken to separate the polyphenolic compounds. This resulted in seven compounds 

being isolated. MS and NMR analysis (1H NMR or a combination of 1H, COSY, HSQC and 

HMBC) allowed these compounds to be identified as corilagin (1), 1,3,6-Tri-O-galloyl-β-D-

glucose (2), elaeocarpusin (3), geraniin (4), chebulagic acid (5), helioscopin B (6) and 

chebulinic acid (7) all of which are known compounds that have been found previously in 
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species from the Combretaceae, Elaeocarpaceae Euphorbiaceae or Punicaceae (Jochims, 

Taigel et al. 1968, Yoshida and Okuda 1980, Tanaka, Nonaka et al. 1986, Hatano, Yoshida 

et al. 1988, Klika, Saleem et al. 2004, Han, Song et al. 2006, Mahajan and Pai 2010). 

Antibacterial testing of the T. ferdinandiana natural products against a panel of eleven 

bacteria including both gram-positive and gram-negative pathogenic and foodborne 

disease causing microorganisms using a broth dilution assay yielded interesting results 

(Table 3.3). The antibiotic ciprofloxacin  gave a MIC of 0.612 mg/L against B. cereus which 

compares favourably with a literature MIC of 0.25 mg/L (Turnbull, Sirianni et al. 2004). 

Likewise, the ampicillin MIC was determined to be 61.2 mg/L which also compared 

favourably with the literature reported MIC of 24 mg/L (Turnbull, Sirianni et al. 2004, 

Luna, King et al. 2007). 
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Table 3.3: Antimicrobial activity of bioactive molecules isolated from Terminalia ferdinandiana fruit extract. 

  1 2 3 6 5 7 4 Ampicillin# Ciprofloxin# T. ferdinandiana (crude extract) 

Bacillus cereus  µg/mL 21.5 5.0 12.4 6.3 17.2 17.9 75 61.2 0.612 200 

 µM 33.9 7.8 11.2 5.7 18.0 18.7 78.8 175.3 1.84  

Staphylococcus aureus  µg/mL - - - - - 2300.0 - 61.2 0.153 200 

 µM - - - - - 2405.9 - 175.3 0.46  

Escherichia coli  µg/mL 84.7 53.5 9.3 25.4 34.3 95.4 300 Nd Nd 200 

 µM 133.6 84.1 8.4 22.9 36.0 99.8 315.1 Nd Nd  

Streptococcus  µg/mL - - - - - - - 15.3 0.004 200 

pyogenes µM - - - - - - - 43.8 0.012  

Alcaligenes faecalis µg/mL - - - 76.4 - 2300.0 - 61.2 0.004 200 

 µM - - - 68.7 - 2405.9 - 175.3 0.012  

Pseudomonas  µg/mL - - 152.3 76.4 - 2300.0 - 61.2 0.038 200 

aeruginosa µM - - 137.2 68.7 - 2405.9 - 175.3 0.11  

Klebsellia pneumoniae µg/mL 42.9 39.6 24.9 18.7 34.3 95.4 300 61.2 0.004 200 

 µM 67.7 62.3 22.4 16.8 36.0 99.8 315.1 175.3 0.012  

Proteus mirabilis µg/mL 258.0 - 152.3 76.4 - 2300.0 - 30.6 0.038 200 

 µM 407.0 - 137.2 68.7 - 2405.9 - 87.7 0.11  

Serratia marcescens µg/mL - - - 76.4 - 1150.0 - 61.2 0.004 200 

 µM - - - 68.7 - 1202.9 - 175.3 0.012  

Salmonella enterica  µg/mL 21.5 - 12.6 9.5 17.2 2300.0 300 3.8 0.004 200 

typhimurium µM 33.9 - 11.4 8.6 18.0 2405.9 315.1 10.9 0.012  

Enterococcus faecium µg/mL - - - - - - - 1960 Nd 200 

 µM - - - - - - - 5616 Nd  

Numbers indicate the mean MIC values from at least triplicate determinations in µg/mL; - indicates no inhibition; # indicates positive controls; Nd – indicates not determined at 

concentration tested. (1) Corilagin, (2) 1,3,6-Trigalloyl Glucose, (3) Elaeocarpusin, (4) Geraniin, (5) Chebulagic acid, (6) Helioscopin B, (7) Chebulinic acid.
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None of the compounds affected the growth of the gram-positive bacteria, E. faecium 

and S. pyogenes and the only other gram-positive bacteria, S. aureus was only inhibited 

by chebulinic acid (7) at a very high concentration of 2300 µg/mL. The growth of three 

gram-negative bacteria, B. cereus, K. pneumoniae and E. coli were all inhibited by all 

the compounds isolated. The most potent inhibitors of B. cereus were helioscopin B 

(6), elaeocarpusin (3) and 1,3,6-Tri-O-galloyl-β-D-glucose (2) with MICs between 6-12 

µM chebulagic (5), chebulinic acid (7) were equipotent, but were approximately half as 

active as the previous compounds. Corilagin (1) was half as active against K. 

pneumoniae and E. coli were also most potently inhibited by helioscopin B (6) and 

elaeocarpusin (3) with corilagin (1), 1,3,6-trigalloyl glucose (2) and chebulagic acid (5) 

being approximately half the potency. Chebulinic acid (7) and geraniin (4) were only 

weakly active against these bacteria. The growth of P. aeruginosa was only inhibited by 

the two related compounds helioscopin B (6) and elaeocarpusin (3) while chebulinic 

acid (7) showed very marginal inhibition. Only helioscopin B (6) inhibited the growth of 

A. faecalis and S. marcescens, with chebulinic acid (7) showing only very weak 

inhibition. P. mirabilis was also inhibited by helioscopin B (6) and elaeocarpusin (3) and 

to a lesser extent corilagin (1) with chebulinic acid (7) only very weakly inhibiting its 

growth. The food borne disease causing gram-negative bacteria, S. typhi was also most 

potently inhibited by helioscopin B (6) and elaeocarpusin (3), with lower inhibitory 

affect observed for corilagin (1) and chebulagic acid (5) while geraniin (4) was 

approximately an order of magnitude less inhibitory and chebulinic acid (7) showed a 

further order of magnitude of lower activity. Although significant microbial inhibition 

was observed, none of the compounds tested showed bactericidal activity against the 

panel of bacteria tested.  
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This study is the first, to characterise the antimicrobial properties of the fruits of T. 

ferdinandiana and to identify the polyphenolic compounds that are responsible for the 

specific bioactivity. Previous studies have suggested that T. ferdinandiana fruits 

contain bioactive compounds that help to maintain the long shelf life for the fruit 

without spoilage (Brossier, Cusack et al. 2011) while others have suggested that the 

fruit could act as functional food because of its high antioxidant properties (Netzel, 

Netzel et al. 2007). However, no studies until now have identified the compounds 

responsible for these bioactivities although many have suggested that the fruits of T. 

ferdinandiana contain high levels of vitamin C, gallic acid and ellagic acid and that 

these compounds were responsible for both antimicrobial and antioxidative activities. 

In the current study, high levels of vitamin C were observed in fractions eluting early 

from the HPLC separation but these fractions were not responsible for antibacterial 

activity present in the crude fruit extract. Furthermore, commercial gallic acid and 

ellagic acid were tested for antibacterial activity at 10 mg/mL against B. cereus, E. coli 

and K. pneumonia in a Kirby disc diffusion assay and none showed any antimicrobial 

activity. This provided further evidence that these compounds were not associated 

with the observed antimicrobial activity of the crude T. ferdinandiana extract since 

none of these compounds were present in the extract at a concentration equal to or 

higher than the dose tested. Interestingly, the most potent and broadest spectrum 

activity was associated with elaeocarpusin (3) and its derivative, helioscopin B (6) and 

no previous studies have reported on the antimicrobial properties of these molecules. 

Elaeocarpusin (3) has been shown to be derived from the condensation of ascorbic 

acid and geraniin (4), but the stark difference in antimicrobial activity observed 

between elaeocarpusin and geraniin indicates that the addition of ascorbic acid to the 

oxidised hexahydroxydiphenoyl moiety of geraniin significantly enhances the 
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antimicrobial affect. The observation that little change in bioactivity was observed 

between elaeocarpusin and helioscopin B indicates that the replacement of a 

hexahydroxydiphenoyl group attached at C-3 and C-6 of glucose with two galloyl 

groups does not affect the antimicrobial bioactivity greatly in all strains tested, apart 

from A. faecalis and S. marcescens. Replacement of the elaeocarpusinoyl group in (3) 

with a chebuloyl group in (5) led to a minimal reduction in antimicrobial activity against 

B. cereus, E. coli K. pneumoniae and S. typhi, but significantly reduced the activity 

against P. mirabilis and P. aeruginosa. The compete removal of a phenolic moiety 

attached at C-2/C-4 of the glucose moiety further minimally reduced the antimicrobial 

activity against B. cereus, E. coli, K. pneumoniae and S. typhi. In contrast the removal of 

the chebuloyl group improves the antimicrobial activity against P. mirabilis as 

evidenced by the lower antimicrobial activity observed for corilagin compared to 

chebulagic acid. A surprising result of the screening was the significant difference in 

antimicrobial activity observed between chebulagic acid and chebulinic acid against S. 

typhi with a 100 fold reduction being observed simply through the cleavage of the 

diphenyl bond. Previous studies have shown that activity is enhanced by replacement 

of galloyl groups with a hexahydroxydiphenoyl HHDP group in anticancer screening but 

this has not previously been shown to affect antibacterial activity (Tanimura, 

Kadomoto et al. 2005).However studies on related tannins such as punicalagin, 

punicalin and gallagic acid isolated from plants from the family Punicaceae and from 

Terminalia species (Pfundstein, El Desouky et al. 2010) have been reported to have 

antimicrobial activity against methicillin-resistant Staphylococcus aureus, E. coli, P. 

aeruginosa and Cryptococcus neoformans (Machado, Leal et al. 2002, Reddy, Gupta et 

al. 2007). Punicalagin contains both a gallagioly group and a HHDP moiety attached to 

glucose, while punicalin only contains the gallagioyl group attached to glucose. 
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Antibacterial activity comparisons between punicalagin and punicalin showed that 

punicalin, missing the HHDP unit showed reduced antimicrobial activity. Furthermore 

studies have shown that HHDP by itself is not antibacterial, but when it is attached to 

glucose containing a chebuloyl moiety as a supporting unit (Conrad, Vogler et al. 2001) 

can change the membrane potential of microbes (Li, Luo et al. 2013). It also appears 

that the HHDP unit also plays a vital role in anti-inflammatory action by reducing the 

pro-inflammatory cytokines mediation (Zhao, Zhang et al. 2008).   

Although Terminalia species have been reported in Asian and Africa to possess 

medicinal properties such as antidiabetic, cardiovascular activity, antiprotozoal, gastric 

disorder and antitumour activities (Dwivedi 2007, Nadembega, Boussim et al. 2011, de 

Morais Lima, de Sales et al. 2012, Khan, Faruquee et al. 2013, Koo, Hong et al. 2013, 

Mishra, Agrawal et al. 2013) no studies have focused on the antibacterial activity from 

the bioactive pure compounds present these plants but have instead studied the 

effects of the extracts to validate their traditional uses.  

Despite the bioactivities reported previously for the compounds isolated from T. 

ferdinandiana, their major bioactive compounds reported in literature were anticancer 

activity, inhibition of prolyl endopeptidase (PEP): which affects blood coagulation, 

platelet aggregation and Alzheimer's disease (Sugino, Ito et al. 2006, Lee, Jun et al. 

2007, Blalock, Djekic et al. 2008). For example, corilagin and geraniin show antioxidant 

activities and can reduce blood pressure and are thus acting as vasorelaxant. The 

compounds also show anti-inflammatory, anticancer and antidiabetic activities as well 

as reduce HSV1 inflammation (Lin, Hsu et al. 1993, Funatogawa, Hayashi et al. 2004, 

Sugino, Ito et al. 2006, Lee, Jun et al. 2007, Guo, Zhao et al. 2010, Hau, Zhu et al. 2010, 

Honma, Koyama et al. 2010, Chen and Chen 2011, Kojima, Iddamalgoda et al. 2011, 
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Gambari, Borgatti et al. 2012, Li, Luo et al. 2013). Corilagin has previously been shown 

to possess antibacterial activity against Bacillus subtilis, S. aureus (31.25 µg/ml), E. coli 

(62.5 µg/ml), K. pneumoniae, P. aeruginosa, P. mirabilis, H. pylori (6.5 µg/ml), 2 yeasts: 

C. albicans (62.5 µg/ml), Cryptococcus neoformans. Geraniin was active against E. coli 

(1.25 mg/ml), S. aureus (0.16 mg/ml), P. aeruginosa (0.08 mg/ml), B. subtilis (0.31 

mg/ml), C. pseudotropicalis, S. pyogenes (0.08 mg/ml), H. pylori (12.5 µg/ml) (Agyare, 

Lechtenberg et al. 2011, Boakye and Agyare 2013). Corilagin has also been shown to 

possess anticancer activity towards hepatic cells (Hau, Zhu et al. 2010), ovarian cells 

(Jia, Jin et al. 2013) and is antihypertensive  (Cheng, Lin et al. 1995), antihyperalgesic 

(Moreira, Klein-Júnior et al. 2013), antihyperglycemic (Honma, Koyama et al. 2010), 

anti-inflammatory (Zhao, Zhang et al. 2008) and acts as virulence enhancer for β-

lactam antibiotics (Shimizu, Shiota et al. 2001). In comparison, 1,3,6 trigalloyl glucose 

has been reported to possess anticancer and antidiabetic bioactivity (Kashiwada, 

Nonaka et al. 1992, Lee, Jang et al. 2011). Elaeocarpusin was also shown to have 

anticancer and antidiabetic bioactivity but in addition shows PEP inhibition suggesting 

it is protective against Alzheimer’s disease (Kashiwada, Nonaka et al. 1992, Sugino, Ito 

et al. 2006, Lee, Jun et al. 2007). Chebulagic acid has been reported to have anticancer, 

antidiabetic and antiviral activity, has an effect on plaque formation. It also shows 

antiliver fibrosis, antibacterial activity against S. aureus, Corynebacterium accolans, 

Erwinia carotovora, C. albicans and platelet aggregation (Fogliani, Raharivelomanana 

et al. 2005, Rao and Nammi 2006, Sugino, Ito et al. 2006, Reddy, Reddy et al. 2009, 

Jebashree, Kingsley et al. 2011, Gautam, Goel et al. 2012, Koo, Hong et al. 2013, 

Miyasaki, Rabenstein et al. 2013). Chebulinic acid is known for its protective effect on 

cardiac vascular muscles (Guan, Kwan et al. 1996) by reducing blood pressure, is 
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protective against gastric ulcer, is antioxidative, cytoprotective (Yi, Liu et al. 2009, 

Mishra, Agrawal et al. 2013) and blocks the effect on the HIV rgp 120 to CD4 (Weaver, 

Pine et al. 1992). It has also been demonstrated to induce erythroid megakaryocytic 

differentiation (Yi, Wang et al. 2004). The only antimicrobial activity reported for 

chebulinic acid is its anti-Neisseria gonorrhea activity and activity against drug resistant 

A. baumannii (Miller, Hair et al. 1997, Gaur, Patrick et al. 2001). Helioscopin B is 

bioactive and inhibits PEPr, neutrophilic inflammation and the Alzheimer’s disease 

enzyme,β-secretase (BACE1) (Kim, Choi et al. 2004, Jun, Lee et al. 2006, Lee, Jun et al. 

2007, Blalock, Djekic et al. 2008).  

Extracts from T. ferdinandiana fruit could be advantageous as a preservative in food 

products since microbes such as B. cereus, E. coli, K. pneumoniae and S. typhi are some 

of the main microorganism to cause gastroenteritis and food spoilage (McCabe-Sellers 

and Beattie 2004). B. cereus is wide spread in the environment, produces heat stable 

spores (Doyle and Buchanan 2013), with some strains surviving pasteurization (Meer, 

Baker et al. 1991) and some pathological strains producing toxins which are either 

emetic or diarrhoeagenic. These strains are also known to cause meningitis and 

pneumonia in immunocompromised patients (Miller, Hair et al. 1997, Gaur, Patrick et 

al. 2001) and hence could be a major cause of death or morbidity due to food related 

poisonings. The current results therefore suggest that T. ferdinandiana fruit extracts or 

the bioactive tannins present in the extract could provide a significant health benefit if 

they are used as a food preservative. 

Cereal based products are easily contaminated by B. cereus and so natural food 

preservatives applied to these products could be used to improve their shelf life and 

safety. Of the compounds identified in this study, elaeocarpusin and helioscopin B 
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could be good candidates for further study since they showed the lowest MIC and 

broadest antimicrobial activity. In addition, the varied bioactivities already reported for 

the compounds identified in T. ferdinandiana fruits such as anticancer, antidiabetic, 

cardiovascular protection and anti-Alzheimer, suggest consumption of products 

containing these compounds could obtain additional benefits. It has been observed 

that the growth of a number of pathogenic bacteria (B. cereus, S. aureus, E. coli, A. 

faecalis, P. aeruginosa, K. pneumoniae, P. mirablis, S. marcescenes and S. typhi) are 

also inhibited by the tannins present in T. ferdinandiana fruit. This indicates that these 

compounds could also provide a natural supplement to protect against the pathogens. 
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3.3 Spectra for isolated compounds of Terminalia 

ferdinandiana 

The following section contains supplementary information for Section 3.2 “Terminalia 

ferdinandiana: Bioassay guided purification of antimicrobial compounds” of this thesis. 
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Figure 3.3: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Corilagin (1). 
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Figure 3.4: 
1
H NMR (600 MHz, DMSO-d6) spectrum of 1,3,6-Trigalloyl Glucose (2).  
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Figure 3.5: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Elaeocarpucin (3).  
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Figure 3.6: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Chebulagic acid (5).  
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Figure 3.7: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Helioscopin B (6).  
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Figure 3.8: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Chebulinic acid (7).  
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Figure 3.9: 
1
H NMR (600 MHz, DMSO-d6) spectrum of Geraniin (4). 
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4 Tasmannia lanceolata 

This chapter comprises an assessment of the phytochemistry and antimicrobial activity 

of extracts derived from the berries of T. lanceolata. It is divided into two sections.  

Section 1 consists of the phytochemistry, toxicity and preliminary antimicrobial activity 

of the berries of T. lanceolata.  

Section 2 consists of a co-authored manuscript on the antimicrobial bioactivity of the 

bioactive compounds, isolated from the berries of T. lanceolata. It reports on bioactive 

compounds responsible for the antimicrobial bioactivity of the T. lanceolata ethyl 

acetate fruit extract, that were identified using a bioassay guided approach.  

The material used for small scale studies was bought from an online retailer, “A Taste 

of the bush” and large scale studies were conducted using material bought from 

“Tuckeroo Innovative Native Products”, another online retailer. The chromatogram 

regions for the bacterial activity were found to be the same between the materials 

from both sources. 

 

4.1 Phytochemistry and antimicrobial activity of extracts 

4.1.1 Specific aims of this chapter 

This section aims to identify a definitive extract that could be developed as a potential 

food preservative. The section also aims to broadly identify what class of chemicals are 

present in the fruits and if the fruit extracts are toxic (Maiden 1889, Ewart 1930).   

In order to achieve the specific aims, a methodology employing a Kirby-Bauer disc 

diffusion assay was used for bacterial testing (Bauer, Kirby et al. 1966) and a Artemia 

franciscana nauplii bioassay was used for toxicity screening (Meyer, Ferrigni et al. 
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1982). These methods were utilised because they are easy to implement, are efficient 

and quick results can be obtained. Figure 4.3 outlines the initial plan to achieve the 

above specified aims.   



147 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Initial plan to achieve specific aims of this chapter.

Plant collection and processing 

Plant extract 

Chloroform Ethyl acetate Hexane Methanol Water 

Initial Screening: Phytochemical test 

Bioassay: antibacterial and toxicity 
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4.1.2 Material and methods 

4.1.2.1 Plant collection 

The berries of T. lanceolata were bought from “A taste of the bush”, an online provider 

of native Australian herbs and spices. The berries were purchased in a 20g pack and 

ground into a coarse powder using a SunBeam food processor. The resultant powder 

was stored in an air tight plastic bag at –10 °C. A portion of the powder was brought to 

room temperature prior to extraction. 

4.1.2.2 Extraction 

Individual portions of the grounded and dried powder (1 g) was extracted extensively 

(50 ml) with 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 extracts were filtered through filter paper (Whatman No.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 passed 

through 0.22 μm filter (Sarstedt) and stored at 4 °C. 

4.1.2.3 Qualitative phytochemical studies  

Phytochemical analysis of the crude extracts (which were reconstituted in de-ionised 

water) was conducted using a modified version of the Salkowski, Keller-Kiliani, Kumar, 

Ajaiyeoba and Leiberman-Buchard methods (OO, FC et al. 1999, Harborne and 

Williams 2001). 
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4.1.2.3.1 Alkaloids 

Two methods were used to test for the presence of alkaloids: 

(i) 200 μL of reconstituted crude extract was treated with a few drops of an aqueous 

solution of hydrochloric acid (10.17 M) and 500 μL of Mayer’s reagent. Formation of a 

white precipitate indicated the presence of alkaloids.  

Mayer’s reagent was made by mixing mercuric chloride (1.358 g) dissolved in 60 mL 

deionised water with potassium Iodide (5.0 g) dissolved in 10 mL deionised water. The 

combined solutions were made up to 100 mL with deionised water.  

(ii) 200 μL of reconstituted crude extract was treated with a few drops of an aqueous 

solution of hydrochloric acid (10.17 M) and 500 μL of Wagner’s reagent. A reddish-

brown flocculent precipitate indicated the presence of alkaloids. 

Wagner’s reagent was made by dissolving iodine (1.27 g) and potassium iodide (2 g) in 

deionised water (5 mL) and a further volume of deionised water was added to produce 

a final volume of 100 mL. 

4.1.2.3.2 Saponins 

Saponins were screened using two methods: 

 (i) Reconstituted crude extract (1 mL) was added to deionised water (1 mL) and 

shaken vigorously for 30 seconds. The tubes were allowed to stand for 15 minutes and 

the presence or absence of persistent frothing was noted. Persistent frothing indicated 

the presence of saponins. 

(ii) A few drops of olive oil (Aurora) were added to crude extracts (1 mL). The 

development of an emulsion indicated the presence of saponins.  
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4.1.2.3.3 Tannins 

Tannins were detected using a modified version of the Ferric chloride test (Agarwal, 

Singh et al. 2001). Two drops of a 1 % aqueous ferric chloride reagent were added to 

reconstituted crude extracts (500 μL). The mixture was observed for the formation of 

blue, blue-black, green or green-black colouration which indicated the presence of 

tannins. 

4.1.2.3.4 Phenolic compounds 

Phenolic compounds were detected using a modified version of the Folin-Ciocalteu 

procedure (Harborne and Williams 2001). Crude extract (200 μL) was added to 3% 

aqueous sodium carbonate (2 mL), followed by the addition of 200 μL Folin-Ciocalteu 

reagent. The mixture was allowed to stand for 30 minutes at room temperature. The 

formation of a blue/gray colour indicated the presence of phenolic compounds. 

4.1.2.3.4.1 Water soluble phenol test 

Two drops of 1% ferric chloride were added to 500 µL of each reconstituted extract. A 

red colour change indicated the presence of water-soluble phenols.  

4.1.2.3.4.2 Water insoluble phenol test 

A total of 500 μL of dichloromethane, 3 drops of 1% ferric chloride and 1 drop of 

pyridine were added to 500 μL of each reconstituted extract and mixed. The presence 

of insoluble phenols was indicated by a colour change. 

4.1.2.3.5 Terpenoids 

Terpenoids were detected using a modified version of the Salkowski test (Oyedapo, 

Sab et al. 1999). Crude extract (1 mL) was slowly added to chloroform (400 µL), 

followed by the careful addition of concentrated sulphuric acid (18.4 M 400 µL). 
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Formation of a red/brown/purple colour at the interface indicates the presence of 

terpenoids. 

4.1.2.3.6 Cardiac glycosides 

Cardiac glycosides were detected using a modified version of the Keller Kiliani test 

(Harborne and Williams 2001). Reconstituted crude extract (500 μL) was added to 

glacial acetic acid (500 μL). A few drops of 1% aqueous iron chloride and concentrated 

sulphuric acid (18.4 M) were then carefully added. The presence of a red/brown ring at 

the interface or the formation of a green/blue colour throughout the solution 

indicated cardiac glycoside presence. 

4.1.2.3.7 Anthraquinones 

Anthraquinones were detected using modified versions of the Kumar and Ajaiyeoba 

tests (Agarwal, Singh et al. 2001, Harborne and Williams 2001). The modified Kumar 

test involved the addition of a few drops of concentrated sulphuric acid (18.4 M) to 

reconstituted crude extract (500 μL) followed by careful addition of ammonia (500 μL). 

A rose pink colour indicated the presence of anthraquinones.  

For the Ajaiyeoba test, crude reconstituted extract (450 μL) was added to concentrated 

HCL (10.2 M, 50 μL) and allowed to stand at room temperature for several minutes. 

Chloroform (500 μL) was then carefully added. The formation of a rose pink colour 

indicated the presence of anthraquinones. 

4.1.2.3.8 Flavonoids  

Flavonoids were detected using a modified Kumar test (Agarwal, Singh et al. 2001). 

Aqueous sodium hydroxide (1 M, 100 μL) was added to the crude reconstituted extract 

(1 mL). The development of an intense yellow colour indicated the presence of 
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flavonoids. Addition of concentrated HCL (10.2 M, 100 μL) to the solution causing 

reversion to the original colour, confirmed the presence of flavonoids. 

4.1.2.3.9 Steroids 

Steroids were detected using a modified version of the Leiberman-Buchard test 

(Agarwal, Singh et al. 2001). Three drops of acetic anhydride was added to the 

reconstituted crude extract (500 μL) followed by a few drops of concentrated sulphuric 

acid (18.4 M). The solution was allowed to sit at room temperature for 5 minutes. 

Formation of a blue/green colour indicated the presence of steroids. 

4.1.2.4 Antibacterial and antifungal screening 

4.1.2.4.1 Test microorganisms 

All microbial strains were obtained from the teaching team in the School of 

Biomolecular and Physical Sciences (BPS), Griffith University, Australia. The original 

source and supplier for these strains was not able to be determined conclusively. Stock 

cultures of Aeromonas hydrophila, Alcaligenes feacalis, Bacillus cereus, Citrobacter 

freundii, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 

fluorescens, Salmonella newport, Serratia marcescens, Shigella sonnei, Staphylococcus 

aureus, Staphylococcus epidermidis and Streptococcus pyogenes were subcultured and 

maintained in nutrient broth at 4 
o
C in accordance with instructions of the culture 

suppliers, the School of BPS. The cultures were transferred onto nutrient agar plates 

and were incubated at 30 °C or 37 °C for 24-48 hours respective to microorganism 

growth condition (explained in section 4.1.5.4.2). They were then either used 

immediately for subculturing or stored at 4 °C. The cultures were maintained by 

subculturing fortnightly. 
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Stock cultures of Aspergillus niger, Candida albicans and Saccharomyces cerevisiae 

were subcultured and maintained in Sabouraud media at 4 
o
C. 

4.1.2.4.2 Evaluation of antimicrobial and antifungal activity 

Antimicrobial activity was determined using a modified disc diffusion method which 

has been previously described (Cock and Mohanty 2011).
 

The cultures were 

transferred from the agar plates to nutrient broth, which was then incubated with 

orbital shaking at 30 °C or 37 °C respective to the bacteria. 100 µL of the test 

bacteria/fungi were grown in 10 mL of the appropriate fresh broth until they reached a 

density of approximately 10
8
 cells/mL for bacteria or 10

5 
cells/mL for fungi (as 

measured by optical density as per the Clinical Laboratory and Standards Institute 

guidelines). The actual incubation time varied with the bacterial and fungal species due 

to different growth rates. Minor adjustments of the cell concentration were made with 

sterile nutrient broth to ensure consistency in cell concentration in all the microbial 

cultures. The microbial suspension (100 µL) was spread onto agar plates prepared with 

the broth in which they were maintained.  

Crude extracts of the berries of T. lanceolata were tested using 5 mm sterilised filter 

paper discs. Discs were impregnated with 10 µL of the test extracts and allowed to dry. 

The discs were then placed on the microbial inoculated agar plates. The plates were 

allowed to stand at 4 
o
C for 2 hours before incubation. Plates inoculated with A. 

feacalis, A. hydrophilia, B. cereus, C. freundii, K. pneumoniae, P. mirabilis, P. 

fluorescens, S. marcescens, and C. albicans were incubated at 30 
o
C for 24 hours, after 

which the diameters of the inhibition zones were measured in millimetres. Plates 

inoculated with E. coli, S. newport, S. sonnei, S. aureus, S. epidermidis and S. pyogenes 

were incubated at 37 
o
C for 24 hours, after which the diameters of the inhibition zones 
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were measured. A. niger inoculated plates were incubated at 25 
o
C for 48 hours before 

measuring the zones of inhibition. All measurements were to the closest whole 

millimetre. Each antimicrobial assay was performed in triplicate. Mean values are 

reported in this study. Standard discs of ampicillin (2 µg), chloramphenicol (10 µg), 

ciprofloxacin (2.5 µg) and nystatin (100 µg) were obtained from Oxoid Ltd. Australia 

and served as positive controls for antimicrobial activity. Filter discs impregnated with 

10 µL of distilled water were used as negative controls. 

4.1.2.4.3 Determination of minimum inhibitory concentration (MIC)  

The minimum inhibitory concentration (MIC) of the crude extracts of the berries of T. 

lanceolata samples were determined by a modified disc diffusion method
 
(Cock and 

Mohanty 2011) across a range of doses. This method is only semi-qualitative with 

limitations and as a result was only used to find the active extract for further detailed 

analysis. The extracts were serially diluted in deionised water (1:1) until the 

concentration for MIC was achieved. 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 of the crude extracts. Logarithm regression was used to calculate the 

MIC values. 

4.1.2.4.4 Toxicity screening  

4.1.2.4.4.1 Reference toxins for toxicity assay 

Potassium dichromate (K2Cr2O7) (AR grade, Chem-Supply, Australia) was prepared as a 

1.6 mg/ml
 
solution in distilled water and serially diluted in artificial seawater (see 

below) for use in the Artemia franciscana nauplii bioassay. Mevinphos (2-

methoxycarbonyl-1-methylvinyl dimethyl phosphate), obtained from Sigma-Aldrich as 
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a mixture of cis (76.6%) and trans (23.0%) isomers, was prepared as a 4 mg/ml stock 

solution in distilled water. This was serially diluted in artificial seawater for use in the 

bioassay. 

4.1.2.4.4.2 Evaluation of toxicity  

Toxicity was measured using the Artemia franciscana nauplii lethality assay originally 

developed by Meyer (Meyer, Ferrigni et al. 1982) for screening phytotoxins. The assay 

was modified as previously described (Cock and Mohanty 2011).
 
Briefly, A. franciscana 

Kellogg cysts were obtained from North American Brine Shrimp, LLC, USA (harvested 

from the Great Salt Lake, Utah). Synthetic seawater was prepared using Reef Salt, 

AZOO Co., USA. Seawater solutions at 34 g/L distilled water were prepared prior to 

use. A. franciscana cysts (2 g) were incubated in 1 L synthetic seawater under artificial 

light at 25 
o
C, 2000 Lux with continuous aeration. Hatching commenced within 16-18 

hours of incubation. Newly hatched A. franciscana (nauplii) were used within 10 hours 

of hatching. Nauplii were separated from the shells, remaining cysts and were 

concentrated to a suitable density by placing an artificial light at one end of their 

incubation vessel and the nauplii rich water closest to the light was removed for 

biological assays. Seawater (400 µL) containing approximately 40-60 nauplii were 

added to wells of a 48 well plate and immediately used for bioassay. The berries of T. 

lanceolata extracts were diluted in seawater for toxicity testing. 400 µL of the samples 

and the reference toxin were transferred to the wells and incubated at 25 ± 1 
o
C under 

artificial light (1000 Lux). A negative control (400 µL seawater) was tested in at least 

triplicate for each plate. All treatments were performed as triplicate tests. The wells 

were checked at regular intervals and the number of dead nauplii counted. The nauplii 

were considered dead if no movement of the appendages was observed within 10 

seconds. After 72 hours all nauplii were sacrificed by adding acetic acid and counted to 
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determine the total number per well. The mortality percentage has been corrected 

using Schneider-Orelli’s formula. For LC50 calculations, four parameter logistic dose 

response curves were analysed via non-linear regression using GraphPad Prism version 

6.0 (Sebaugh 2011). 

4.1.2.5 Statistical analysis 

The result of the MIC were calculated as mean of independent experiments and the 

antibiotic MIC were compared to literature data, in order to validate the results. 

 

4.1.3 Results and discussion 

4.1.3.1 Liquid extraction yields of berries of Tasmannia lanceolata 

Extraction of 1 g of dried and ground berries of T. lanceolata with each of the five 

solvents yielded extracts ranging from 69.3 mg to 477.4 mg. Extraction with water 

yielded the largest (47.74 mg) while extraction with hexane yielded the least amount 

of extract (6.93 mg).  

The dried extracts were resuspended in 10 ml of deionised water which, after 

sonication for 15 minutes, resulted in the extract concentrations shown in Table 4.1. 

Some of the extracts formed micelles and seemed to have difficulty dissolving 

completely. The hydrophobic solvent extracts had distinct sharp pungent smells and 

were a very bright pink colour. This colour may have been due to high anthocyanin 

content as previously found in the literature (Netzel, Netzel et al. 2007). 
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Table 4.1: The mass of dried material extracted with the various solvents of 

Tasmannia lanceolata and the concentration after resuspension in deionised water. 

 

 

4.1.3.2 Phytochemical studies 

The crude extracts of the berries of T. lanceolata were evaluated for qualitative 

determination of the major phytoconsituent classes. The extracts from all three of the 

hydrophobic solvents (chloroform, ethyl acetate and hexane) showed similar 

phytochemical profiles while deionised water and methanol differed slightly (Table 

4.2). 

The phytochemical studies (Table 4.2) showed that the methanol, water and ethyl 

acetate extracts had the widest range of phytochemicals present. All the extracts 

showed the presence of insoluble phenolic compounds indicated by the change in 

colour and flavonoids. The hydrophobic extracts (chloroform, ethyl acetate and 

hexane) also displayed the presence of triterpenoids and cardiac glycosides. There 

were moderate levels of water soluble phenols in the methanol extract and saponins in 

the water extract. None of the extracts displayed any evidence of anthraquinones, 

tannins and alkaloids. 

  

Solvent 

  

Mass of Dried Extract (mg) 

  

Resuspended Extract 

Concentration (mg/mL) 

Deionised Water 477.4 47.74 

Methanol 294.7 29.47 

Ethyl Acetate 94.0 9.40 

Chloroform 185.8 18.58 

Hexane 69.3 6.93 
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Table 4.2: Qualitative phytochemical screening for Tasmannia lanceolata solvent 

extractions. 

Deionised 

Water  

Methanol Chloroform Ethyl 

Acetate 

Hexane 

Phenolic compounds +++ +++ ++ ++ + 

Water soluble phenol test - ++ - - - 

Water insoluble phenol 

test 

+ + + + + 

Flavonoids + + + + + 

Steroids - - - - - 

Saponins ++ - - - - 

Triterpenoids - - + ++ ++ 

Cardiac glycosides - - + + + 

Tannins - - - - - 

Alkaloid 

Mayers reagent test - - - - - 

Wagners reagent test - - - - - 

Anthraquinones 

Modified Kumar test - - - - - 

Ajaiyeoba test - - - - - 

+++ indicate a large response; ++ indicates a moderate response; + indicates a minor response; - indicates no 

response in the assay. 

 

4.1.3.3 Minimum inhibitory concentration (MIC) 

The MIC for the extracts was determined for all the microorganisms which were 

inhibited during the assessment of antibacterial activity. The average zones of 

inhibition (mm) were plotted against the range of concentrations tested. The equation 

allows for the determination of an MIC value by logarithmic regression. An example of 

the determination of the MIC by logarithmic regression is shown in figure 4.4 below. 

All MIC values for the extracts are reported in table 4.3. A low MIC corresponds to high 

antimicrobial bioactivity, thus less extract is required to get a response.  
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All bioassays were performed in at least triplicate and are expressed as mean ± standard deviation. The equation to 

determine the MIC is on the graph; --- represents the linear logarithmic line. 

Figure 4.2: MIC determination for methanol extract of Tasmannia lanceolata on 

Staphylococcus epidermidis. 

 

All extracts inhibited the growth of 50% of the bacteria tested and 100% of the yeast 

(Table 4.3). The chloroform extract had the highest MIC values (i.e. it was the least 

effective antibacterial agent). The hexane and ethyl acetic extracts generally displayed 

low MIC values (Table 4.3). The most interesting activity was obtained using the ethyl 

acetate extract against E. coli (MIC value of 58.7 µg/mL) and it was also the most 

potent inhibitor of S. cerevisiae and S. marcescens.  However gram-negative bacteria 

such as A. faecalis, C. fruendii, P. fluorescens, S. newport and S. sonnei and gram-

positive bacteria such as B. cereus and S. pyogenes were not inhibitied by any of the 

five crude extracts of the berries of T. lanceolata. The crude water extract was the 

most potent extract inhibitor of A. hydrophilia, K. pneumoniae and P. mirabilis all of 

which are gram-negative bacteria. It was also shown to be active against one gram-

positive bacteria, S. aureus (5967 µg/mL). The crude methnol extract was not the most 

potent crude extract for the majority of the bacteria and fungi tested except in the 

case of S. aureus where it gave the lowest MIC value of 351.9 µg/mL. The activity 
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summarised in table 4.3 indicates that not all extracts were equally effective against 

gram-positive (25%) and gram-negative bacteria (62.5%). Gram-negative bacteria have 

an outer membrane of lipopolysaccharide which traditionally has made them a harder 

bacterium to inhibit. This suggests that the phytochemical components in the active 

crude extracts are effective in penetrating the gram-negative outer membrane 

lipopolysaccharide layer. 
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Table 4.3: MIC values for the berries of Tasmannia lanceolata extracts. 

 MIC (µg /mL) T. lanceolata Antibiotic standards 

Bacteria spp. H2O MeOH Chl EA Hex Amp (2µg) Chlo (10µg) Cip (2.5µg) Nys(100µg) 

Gram-negative rods 

Aeromonas hydrophilia 558.4 3683.6 3982.0 898.4 950.2 + + + NT 

Alcaligenes faecalis - - - - - + + + NT 

Citrobacter fruendii - - - - - + + + NT 

Escherichia coli 404.8 7367.5 925.6 58.7 216.6 + + + NT 

Klebsiella pneumoniae 232.2 1091.6 4645.0 293.75 684.2 + + + NT 

Proteus mirabilis 327.7 345.5 4645.0 500.0 460.3 + + + NT 

Pseudomonas fluorescens - - - - - + + + NT 

Salmonella newport - - - - - + + + NT 

Serratia marcescens 924.9 609.9 4645.0 302.2 330.2 - + + NT 

Shigella sonnei - - - - - + + + NT 

Gram-positive cocci 

Staphylococcus epidermidis N/R N/R N/R N/R N/R + + + NT 

Staphylococcus aureus 5967.5 351.9 2322.5 707.1 1732.5 + + + NT 

Staphylococcus pyogenes - - - - - + + + NT 

Bacillus cereus - - - - - + + + NT 

Fungi 

Aspergillus niger - - - - - - - + + 

Yeast 

Candida albicans 882.0 1007.6 580.6 1175.0 433.1 - - + - 

Saccharomyces cerevisiae 1491.9 697.5 678.6 536.5 871.4 - - + + 

Numbers indicate the mean MIC values of at least triplicate determinations; - indicates no inhibition; + indicates that the antibiotic standard disc inhibited microbial growth and an MIC was not 

obtained (as only a single dose disc was tested); NT indicates that the antibiotic disc was not tested against an individual bacteria. All values for methanol (MeOH), ethyl acetate (EA), deionised 

water (H2O), hexane (Hex) and chloroform (Chl) are given in µg/ml. N/R: not recorded due to contamination. Positive controls Ampicillin (Amp), Chloramphenicol (Chlo) and Ciprofloxacin (Cip) were 

commercially available antibiotic discs (Oxoid). Negative controls of deionised water were used, in no cases was inhibition seen. 
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4.1.3.4 Toxicity assays 

Toxicity assays were carried out using the Artemia franciscana nauplii bioassay. LC50 

determination for the berries of T. lanceolata extracts are shown in Figure 4.5. The LC50 

values for all T. lanceolata berry extracts are also summarised in Table 4. Each extract 

was tested at the maximum concentration (1000 µg/mL) at which an extract is 

considered toxic (Meyer, Ferrigni et al. 1982). For comparison, the reference toxins 

potassium dichromate (800 µg/mL) (Table 4.4) and Mevinphos (2000 µg/mL) were also 

tested in the A. franciscana lethality bioassay. The potassium dichromate and 

Mevinphos reference toxins were much more rapid in their onset of mortality than any 

of the T. lanceolata berry extracts at the concentrations tested. For both reference 

toxins, the induction of mortality was seen within the first 2 hours of exposure with 

100% mortality evident following 4 hours of exposure. 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 6000 

µg/mL to 15 µg/mL in the A. franciscana lethality bioassay. For comparison, potassium 

dichromate and Mevinphos were tested across the similar concentration range. For 

demonstration purposes an example of the determination of the LC50 by non-linear 

regression is shown in Figure 4.5 below, but the calculations of all the LC50 are 

provided in detail in table 4.4 (calculated with the aid of the GraphPad Prism). 
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Figure 4.3: Brine shrimp lethality of Tasmannia lanceolata methanol extract 1840 

µg/mL. 

The concentration axis is shown in log axis and mortality in %. 
 
All bioassays were performed in at least triplicate and 

are expressed as mean ± standard deviation error bars are standard error. 

 

LC50 values for all the berry extracts are reported in table 4.1. All berry extracts showed 

moderate to low toxicity at 0-24 hours with LC50 value ranging from 104 to 1500 

µg/mL. LC50 ≥ 1000 µg/mL is considered non-toxic for plant extracts (Meyer, Ferrigni et 

al. 1982), but the criteria for the current evaluation was a LC50 above 250 μg/mL which 

are considered low toxicity. Those extract that showed toxicity ranging between 80 

and 250 μg/mL were considered to be a moderately toxic LC50 and those less than 80 

μg/mL were considered to be toxic (Lagarto Parra, Silva Yhebra et al. 2001). All of the 

T. lanceolata berry extracts (which displayed low to moderate toxicity in the A. 

franciscana bioassay) (Table 4.4) could be used in various industries, however the T. 

lanceolata berry extracts of methanol and water should be further tested against 

cancer cell lines for their cytotoxicity since the LC50 indicates that they fall in the 

moderate to high range for the 24 and 48 hour time intervals (specifically methanol 

extract). Toxicity towards A. franciscana has also previously been shown to correlate 

well with toxicity towards human cells for some toxins (Mclaughlin, Rogers et al. 1998). 
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Therefore, studies into the potential anticancer activities of T. lanceolata berry 

extracts are warranted.  

Table 4.4: LC50 (95% confidence interval) for Artemia franciscana nauplii exposed to 

Tasmannia lanceolata berry extracts. 

T. lanceolata fruit L 50 (µg/mL) 

 2 Hours 24 Hours 48 Hours 

Methanol 189.6 122.1 32.85 

Deionised water 1479 386.70 198.10 

Ethyl acetate 104.70 749 472.40 

Hexane 371.50 1418 705.7 

Chloroform 575.40 1256 538.6 

Mevinphos 1004 525 109 

Potassium 

dichromate 

92 86 83 

The reference toxins potassium dichromate and Mevinphos (positive controls) have been corrected by subtracting 

the negative control values. 

 

4.1.4 Summary and future directions 

The toxicity and antimicrobial activities were a logical first choice for investigation due 

to the ease of testing and lack of requirement for specialised equipment. The focus of 

the studies was to determine if the fruit could be a good food preservative or natural 

antimicrobial. The antibacterial studies demonstrated that the ethyl acetate extract 

was potently active against food poisoning bacteria such as E. coli and the human 

pathogen S. aureus. In general, all of the extracts mostly inhibited the growth of gram-

negative bacteria (5/10) in comparison to the gram-positive (1/4). This suggested that 

the T. lanceolata berry extracts contain phytochemicals that act only specifically 

against gram-negative bacteria, and are able to penetrate the gram-negative outer cell 

wall. The outer cell wall usually acts as a barrier to many antibiotics (Montville and 

Matthews 2005). The extracts were also active against two of the three fungi tested. 

Since polygodial has been shown to possess potent antifungal activity, these results 

are not surprising. The aim of the studies was to find if T. lanceolata fruit extracts 
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could be good food preservatives. Since the extracts inhibit the growth of the S. 

cerevisiae it would be advisable that the baking industry do not use T. lanceolata berry 

extracts as preservative or use the extracts at a concentration below their MIC. 

Polygodial which is present in the berries of T. lanceolata has previously been shown 

to inhibit the growth of the S. cerevisiae (Lunde and Kubo 2000). The results of this 

study have validated the traditional indigenous Australians usage of T. lanceolata to 

treat microbial infection and a further extension of this study could be to provide novel 

phytochemicals as antiseptic agents. Therefore, it has been established that T. 

lanceolata berry extracts contain bioactive components which show antimicrobial 

activity with low Artemia toxicity over a time period of 24 hours (except methanol 

crude extract which showed moderate toxicity). However, these bioactive components 

need to be isolated via bioassay guided HPLC purification and characterised by NMR 

and MS. The information gathered then would help to establish the mechanism of 

action for the bioactive components, which may function individually or synergistically 

with other components. While the T. lanceolata berry extracts examined in this report 

are promising as antibacterial and antifungal agents, caution is needed before these 

extracts can be applied to medicinal purposes. In particular, further toxicity studies 

using human cell lines are needed to verify the suitability of these extracts for these 

purposes, since the toxicity observed in the assay for the crude extracts could be due 

to high oil content in the hydrophobic solvents, creating a layer that could be what 

caused the interruption of the brine shrimps breathing during the toxicity bioassay. In 

addition, T. lanceolata belongs to the Winteraceae family which has 130 species 

worldwide and is known to contain terpenes such as sesquiterpenes, monoterpenoids 

essential oils, and drimane sesquiterpenes such as polygodial and drimenol. Through 

the preliminary qualitative phytochemical screening it was found that throughout the 
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various extracts, phenols, flavonoids, triterpenoids and cardiac glycoside were 

detected, but tannins, alkaloid and anthraquinones were not present. This survey 

result is similar to what has been reported previously for other Winteraceae species 

(Jansen 1993, Jansen and de Groot 2004, Muñoz-Concha, Vogel et al. 2007, Asakawa, 

Ludwiczuk et al. 2012). Terpenes are known for their antiseptic, antifouling, 

antirepellent, anti-inflammation, anticancer, flavouring agent, perfumery and antiulcer 

(Appel and Dohr 1958, Ngoh, Choo et al. 1998, Szallasi, Bıŕó et al. 1998, Matsuda, 

Pongpiriyadacha et al. 2002, Zayachkivska, Konturek et al. 2005, Gallucci, Oliva et al. 

2009) properties. 

 

4.1.5 Comments on methodology improvement and future directions 

During the course of undertaking the analyses for this chapter, the low solubility of the 

hydrophobic extracts into water (hydrophilic) created some problems, which led to a 

potential inaccuracy in the preliminary phytochemical, toxicity and antimicrobial 

screening. For future testing it is recommended that the crude extract should be first 

dissolved in DMSO and then an aliquot brought up in water. This will ensure that 

hydrophobic compounds are miscible in the solution rather than being precipitated.  

A sequential extraction approach in which the berry is sequentially extracted with 

hexane, chloroform, ethyl acetate, methanol and finally water could more effectively 

highlight the bioactive compounds present in the berry since this approach would 

prevent the overlap of the same bioactive compounds being present in the various 

solvent extracts.  

After bioassay guided fractionation, the bioactive compounds responsible for the 

activity in the extract could act as a biomarker for the food industry. This could be 
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done as a quality check to ensure that bioactivity has not degraded in the preparation 

and processing of food.  
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4.2 Tasmannia lanceolata and its antimicrobial bioactive 

compounds 

 

Section 2 comprises of an assessment of the bioassay guided fractionation, to search 

for the antimicrobial bioactive of active extracts derived from the berries of Tasmannia 

lanceolata. The spectra for isolated compounds from T. lanceolata can be found in 

Section 4.3 “Spectra for isolated compounds of Tasmannia lanceolata”. 
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4.2.1 Abstract 

Bioassay guided purification of a broad spectrum antimicrobial ethyl acetate extract 

from the berries of the Australian condiment plant Tasmannia lanceolata, which is 

used as a pepper substitute, led to the isolation of 12 antimicrobial compounds 

including eight drimane sesquiterpenes, three nordrimane sesquiterpenes (two of 

which are new) and an aromadendrane sesquiterpene, cyclocolorenone. In addition, 

the phenylpropane myristicin, a cadenane sesquiterpene isocalamandiol and two 

lignans pinoresinol, syringaresinol were also isolated. Fifteen of the compounds are 

reported for the first time from the berry. The compounds were tested against a panel 

of eleven food borne or disease causing bacterial pathogens including Staphylococcus 

aureus, Streptococcus pyogenes, and Klebsiella pneumoniae. Although the fruit extract 

was active against all bacteria with the exception of Pseudomonas aeruginosa and 

Proteus mirabilis, none of the compounds showed broad spectrum antibacterial 

activity. However, significant antibacterial activity was observed against nine of the 

strains tested by at least one of the phytochemicals isolated. The growth of the food 

spoilage bacteria Bacillus cereus and Escherichia coli were inhibited by twelve and nine 

natural products respectively with polygodial, polygonal and changweikangic acid A 

being the most potent against the growth of B. cereus (Minimum inhibitory 

concentration 25 µM) and dendocarbin L being the most potent E. coli inhibitor (MIC 

75 µM). The third food pathogen Salmonella enterica typhimurium was only weakly 

inhibited by drimendiol MIC (273 µM). Of the common microbes causing human 

infection, Alcaligenes faecalis, S. aureus, Enterococcus faecium and Serratia 

marcescens were each inhibited by seven or eight natural products with MICs between 

75 and 293 µM. Bactericidal activity was assessed for those compounds that caused 

bacterial inhibition. This showed that the crude extract was only bactericidal against B. 

cereus and nine of the isolated compounds were also bactericidal against B. cereus 

with polygodial and drimendiol being the most potently active. Three of the natural 

products (drimendiol, polygodial and polypiperic acid) were bactericidal to S pyogenes, 

while only drimendiol was bactericidal towards E. faecium. These results suggest that 

extracts of the berries of T. lanceolata and the compounds it contains could be 

developed as effective food preservatives and as natural antimicrobial preparations for 

infections.  
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4.2.2 Introduction 

There is a current severe global health burden associated with food borne diseases. It 

is estimated that one million deaths due to diarrhoea alone occurred in 2013 and a 

significant proportion of these fatalities can be attributed to poor food preservation 

and preparation (Mathers, Stevens et al. 2013). The increasing incidence of food borne 

diseases, combined with economic implications from antibiotic resistant microbes 

demands production of safer food and the development of new, safe and low cost 

antimicrobial agents for food preservation. Currently the food industry predominantly 

uses synthetic chemical preservatives to prevent the growth of food borne and spoiling 

microbes. Some synthetic preservatives however, are believed to convert some 

ingested materials into toxic substances or carcinogens which can lead to severely 

adverse reactions including anaphylaxis and death  (Walker 1985). Natural food 

preservatives such as salt, vinegar, lemon juice, honey and sugar have been used 

successfully to preserve food for centuries. These products impart specific flavours or 

modify the foods and are therefore less desirable to prolong the shelf life of fresh 

foods. Secondary metabolites such as flavonoids, terpenes and tannins that are found 

within plant tissues help plants avoid infection from bacterial and fungal pathogens 

(Stone and Williams 1992, Taiz and Zeiger 2006). These natural products therefore 

have the potential to be good food preservatives. Many plant natural products have a 

range of uses including flavouring agents, perfumes and pharmaceuticals. Essential oils 

which contain terpenes have been known to act as natural antimicrobial agents against 

food pathogens (Wilkinson, Hipwell et al. 2003, Burt 2004, Otoni, Pontes et al. 2014) 

and hence have been suggested to be a good alternative to synthetic preservatives.  

The Australian government commissioned a study to investigate the functional 

properties of Australian bush foods in the mid 2000’s and the Rural Industries 

Research and Development Corporation (RIRDC) subsequently released a report in 

early 2007 documenting the findings on the antimicrobial, antioxidant and emulsifying 

properties of 19 bush foods. From this study the leaves and particularly the berries of 

T. lanceolata were shown to possess the highest levels of antimicrobial activities 

against food borne pathogens, food spoilage bacteria and yeasts from the plants 

tested (Zhao and Agboola 2007). T. lanceolata is a shrub native to the south-eastern 

mainland of Australia and belongs to the family Winteraceae. The leaves and berries 
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have been used traditionally for thousands of years as a spice and as medicinal agent 

by  Indigenous Australians to treat scurvy, warts and skin conditions (Maiden 1889, 

Ewart 1930). Colonial settlers in Australia used the leaves and fruits of T. lanceolata for 

culinary purposes (Maiden 1889) and currently it is exported to Japan as a flavouring 

agent (Fukuyama, Sato et al. 1980, Menary 2003). The ingestion of either the leaf or 

the berry of T. lanceolata is characterised by the almost immediate development of a 

peppery and pungent sensation in the mouth and this has led to the development of 

dried berries of T. lanceolata as a commercial bush food flavoring agent in Australia to 

serve the local and export markets.  

Of the limited chemical studies that have been undertaken on T. lanceolata, the 

sesquiterpene dialdehyde polygodial (1) and the sesquiterpene alcohol guaiol (2) have 

been shown to be present in the leaves (Loder 1962, Southwell and Brophy 1992) and 

the concentration of polygodial has been shown to vary throughout the year (Menary 

2003). Several studies have reported on the diversity of essential oils present in T. 

lanceolata leaves and monoterpenes, sesquiterpenes and phenylpropanoids 

predominate (Southwell and Brophy 1992, Dragar, Garland et al. 1998, Read and 

Menary 2000). Only one GCMS headspace study has reported on the volatile 

compounds present in the berries  of T. lanceolata of which 69 compounds 

representing mainly monoterpenes and sesquiterpenes were identified (Menary 2003). 

Several studies have shown that the steam distilled oil from T. lanceolata, such as 

water, methanol and hexane extracts of the leaves and fruits have antimicrobial and 

antifungal properties (Loder 1962, Ban, Singh et al. 2000, Matsuda, Pongpiriyadacha et 

al. 2002). Polygodial, which has been isolated from many different plant species and is 

even present in some marine molluscs, is characterised by its ability to produce a hot 

taste upon ingestion. A US patent has even claimed that polygodial can be used to 

improve/enhance or remove after tastes of the food (Ishikawa, Ishizuka et al. 1996) 

because of the hot sensation it imparts on consumption. Polygodial has been reported 

to be active against the yeast strains such as Candida albicans, Zygosaccharomyces 

bailii, Saccharomyces cerevisiae and the gram-positive bacteria Bacillus subtilis, S. 

aureus in addition to the gram-negative bacteria E. coli and Salmonella choleraesuis 

(Lee, Lee et al. 1999, Lunde and Kubo 2000, Kubo and Fujita 2001, Kubo, Fujita et al. 

2001, Kubo, Shimizu et al. 2002, Fujita and Kubo 2005). A number of other studies 
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have reported on the insecticidal and insect-repellent properties of polygodial, as well 

as its pharmacological effects on larger animals (Anke and Sterner 1991, Gerard, Perry 

et al. 1993, Powell, Hardie et al. 1995, Mendes, Santos et al. 1998, Lee, Lee et al. 

1999). It is surprising that given that the berries of T. lanceolata are commercially used 

as a food and flavouring specifically because of their pungency, that the only data on 

non-volatile compounds present in fruits is an Australian government report by RIRDC 

which has shown that polygodial concentration varies between 0% and ~4% dry 

weight. To date, no studies have comprehensively investigated the chemical 

components responsible for the antimicrobial activities of the leaves or berries of T. 

lanceolata. Although evidence suggests that the leaves and berries of T. lanceolata 

could provide a potential alternative natural antimicrobial additive for food 

preservation (Rasooli 2007). The breadth of antimicrobial activity reported for the 

berries of T. lanceolata extracts suggests that polygodial does not account for all of its 

antimicrobial activity. In this paper we evaluate, through bioassay guide purification, 

the antimicrobial activity of phytochemicals responsible for the antimicrobial activity 

of the berries of T. lanceolata fruit. Eleven drimane sesquiterpenes were identified 

from the fruits and differential antimicrobial activity was shown to be associated with 

different drimane derivatives some of which lack the dialdehyde functionality 

(associated with hot taste) making them amenable for food preservation without the 

pungent flavouring side effects. 

 

4.2.3 Material and method 

4.2.3.1 Plant collection and extraction 

Freeze dried and ground berries of T. lanceolata (2 kg) were purchased from “Tuckeroo 

innovative native products”, an online supplier of native Australian herbs, spices and 

products. The dried berry was transported in an air tight plastic bag and stored at –10 

°C until processed. 

4.2.3.2 Extraction 

The freeze dried fruit (55.6 g) was extracted by sonicating for 20 min in ethyl acetate 

(150 mL) at room temperature. The solvent was decanted and a new batch of solvent 

was added to the fruit. This procedure was repeated 15 times. The combined extracts 
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were filtered through filter paper (Whatman No.54) and concentrated by rotary 

evaporation under vacuum to yield a pinkish black coloured gum (6.3 g). 

4.2.3.3 Test microorganisms 

The microbial strains, Alcaligenes faecalis, Bacillus cereus, Klebsiella pneumoniae, 

Proteus mirabilis, Serratia marcescens and Streptococcus pyogenes, were obtained 

from Southern Biological, a division of Cogitamus Pty Ltd, Scoresby Australia.  Stock 

cultures of Enterococcus faecium (ATCC 19434), Salmonella enterica typhimurium, 

Staphylococcus aureus (ATCC 157293), Pseudomonas aeruginosa (ATCC 27853) and 

Escherichia coli (ATCC 15766) were obtained from the Smart Water Research Centre, 

Griffith University and the original strains of these micro-organisms were purchased 

from ATCC. All of the microbes were subcultured and maintained in nutrient broth 

except for Streptococcus pyogenes and Enterococcus faecium which were cultured in 

Brain Heart Infusion (BHI) medium at 4 o C. 

4.2.3.4 Evaluation of antimicrobial activity 

The disc diffusion assay used in the study was a modified Kirby-Bauer disc diffusion 

(Bauer, Kirby et al. 1966) method as previously described (Cock and Mohanty 2011) for 

preliminary testing. For pure compound testing the broth dilution assays were used 

and all of the bacterial cultures were brought to log phase by streaking on nutrient 

broth agar plates or BHI medium plates (and each colony of the respective bacterium 

were inoculated for 16 hours in 10 mL of nutrient broth or BHI respectively (Oxoid) at 

37 °C with shaking at 180 rpm prior to transfer of the inoculated broth for broth 

bioassay. The broth dilution assay was conducted in sterile 96 well plates, to evaluate 

the minimal inhibitory concentration of the extracts, fractions and pure compounds 

towards A. faecalis, B. cereus, E.coli, E. faecium, K. pneumoniae, P. mirabilis, P. 

aeruginosa, S. marcescens, S. aureus, S. pyogenes and S. typhi. The CFU/mL was 

adjusted to an optical density (OD) of 0.1 at 600 nm, which corresponds to an initial 

average of 5 x 106 CFU/mL which had been previously confirmed using a standard plate 

count method. For the assay, the bacterial suspension was diluted to a ratio of 1:10 

with fresh sterile broth (giving 5 x 105 CFU/mL) and 90 µL was transferred to each well 

along with resazurin indicator (10 µL, 200 mg/L prepared in sterile Milli-Q water) and 

DMSO (2 µL) containing the test extract, fraction or pure compound. Each plate 

contained a set of controls which included three positive control wells for each 
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antibiotic (ciprofloxacin and ampicillin); three wells each containing all of the reagents 

except for the test compound; three wells each containing all the reagents except for 

the bacterial suspension which was replaced with nutrient media (90 µL) (these wells 

served as controls to measure background fluorescence); three solvent control wells 

each containing all reagents except for the test compound which were replaced with 

neat DMSO (2 µL) (six negative control wells had all of the reagents including DMSO (2 

µL) but had the bacterial suspension (90 µL) replaced with nutrient media (90 µL). The 

plates were incubated at 37 °C for 4 h with shaking (180 rpm). Bacterial growth 

inhibition was quantified by measuring fluorescence (Emission: 590, Excitation: 544) of 

the resazurin indicator within the well using a Fluostar Omega plate reader. The 

fluorescence of the wells containing test samples was compared with the fluorescence 

of the control wells. Triplicate assays were performed for each test concentration and 

repeated again to confirm the MIC for isolated compounds. The growth was indicated 

by colour changes from purple to pink (or colourless). The lowest concentration at 

which a colour change occurred post incubation was taken as the MIC. The stock of 

ampicillin (10 mg/mL) was prepared in sterile Milli-Q water), stock of ciprofloxacin (1 

mg/mL) was prepared in sterile acidic water (as recommended in the suppliers 

instructions) and the isolated natural products and fractions were reconstituted in 

DMSO (10 mM for pure compounds and 10 mg/mL for fractions and crude extracts). 

Some of the compounds tested caused a colour change of the resazurin dye and to 

compensate for this, an extra control well in which the compound, uninoculated media 

and resazurin dye were incubated for the same time period as the treatments. This 

resulted in a background fluorescence reading which was subtracted from the overall 

fluorescence reading obtained in the treatment wells, in order to compensate for the 

change of dye colour due to pure compounds. 

4.2.3.5 Minimum bactericidal concentration 

Minimum bacterial concentrations (MBC) were determined using two methods. From 

the 96 well inhibition assays, the well with the lowest concentration of the test 

compound that prevented the visible growth of bacteria were defined as the MIC. For 

MBC, the three dilutions above and one below the MIC were used. The first method 

employed a transfer of an aliquot (10 µL) of solution from the MIC broth assay wells to 

plates containing the specific agar used to grow the microbe being tested. This method 
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has previously been reported by (Sambrook, Fritsch et al. 1989, Downes and Ito 2001). 

The second assay method used a modified version of the 96 well assay previously 

described by (Gabrielson, Hart et al. 2002) and National Committee for Clinical 

Laboratory Standards (NCCLS) (Watts 2008). In this assay 10 µL of the bacterial treated 

wells from the MIC evaluation plates (pure compound and bacteria suspension) were 

transferred into fresh broth (specific for each individual bacterial strain) (90 µL) in 96 

well microtitre plates and incubated for 24 hours at the optimum temperature for the 

respective bacteria, using the same procedure as that used for the MIC determination. 

In addition, the outermost well of the plates were filled with only nutrient broth to 

avoid dehydration. Six aliquots from selected wells from the MIC dilution assay for 

each compound and at each concentration were assessed in the broth assay and a 

further six aliquots were assessed using the agar plate method. Each mitrotitre plate 

also contained triplicate negative control wells (for aseptic testing) in which only sterile 

broth (10 µL) was transferred, an additional three negative control wells in which 

sterile broth containing 2% DMSO (10 µL) was transferred, triplicate positive control 

wells in which broth (10 µL) containing healthy bacterial suspension were transferred 

and an additional three positive controls wells contained aliquots (10 µL) of bacterial 

suspension containing 2% DMSO. The MBC assay was also performed in triplicate with 

wells from the MIC plates containing the commercial antibiotics (ampicillin and 

ciprofloxin). To determine if bacterial growth had occurred after 24 hours incubation, 

wells were visually inspected and resazurin (1.67 mg/mL, 2 µL) was added and the 

plates incubated for an additional four hours at room temperature with shaking. Wells 

were assessed as containing no bacterial growth if the colour of the well remained 

blue. The MBC were average values of their respective replicate wells. In a similar 

procedure positive and negative controls and reference compounds were used in the 

agar plate method. The concentration of the compound from the initial MIC dilution 

assay that did not harbour any bacterial growth on the nutrient media plate after 48 

hours of incubation was considered to be the MBC. 

4.2.3.6 Statistical analysis 

The results of the MIC were calculated as a mean of independent replicate 

experiments and the MIC of antibiotic were compared to literature data in order to 

validate the results.  
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4.2.3.7 Bioassay guided purification 

An aliquot of the crude T. lanceolata berry extract (243.6mg) was dissolved in 

methanol (8mL) and C18 bonded silica (Alltech Davisil, 4 - 60 µm 60Å) (1 g) was added 

to the solution. The methanol was evaporated to dryness and the C18 adsorbed extract 

was loaded into a refillable HPLC column (20 mm x 10 mm). The column was attached 

in series to a C18 bonded silica HPLC column (Thermo scientific, Betasil 5 µm, 21.2 mm x 

150 mm) and eluted with a gradient from 100% H2O to 100% methanol over 60 

minutes at a flow rate of 9 mL min-1. The column was then eluted with methanol for a 

further 10 minutes. Fractions were collected every minute, and an aliquot from each 

fraction was subjected to bioassay using a disc diffusion assay with all the microbes 

except E. faecium, S. typhi and P. aeruginosa. The fractions were also analysed by 

positive electrospray spectrometry. 

Fractions eluting between 35 and 50 minutes were responsible for the antimicrobial 

bioactivity and shown by MS to contain mixtures of sesquiterpenes including semi pure 

polygodial (1) (50 mg, 2.3 % dry weight) in fractions 38-40 and dendocarbin L (14) in 

fraction 35.  

A second separation of the crude extract (5.3 g) was undertaken by absorbing the 

extract dissolved in methanol (30 mL) on to C18 (6g), evaporating the methanol, 

resuspending the extract adsorbed C18 in water (50 mL) and loading the slurry onto a 

bed of C18 (100 g) conditioned in water in a refillable metal MPLC column (40 mm x 400 

mm). The column was eluted with H2O (300mL) followed by 40% methanol / 60% H2O 

(400 mL) and 90% methanol / 10% H2O (700 mL). The 90% methanol / 10% H2O 

fraction was evaporated to dryness to yield a yellow gum (1.6 g). This fraction was 

dissolved in dichloromethane (20 mL), diol bonded silica gel (1.0 g) was added to 

produce a slurry and the dichloromethane was evaporated to dryness. The diol bonded 

silica gel absorbed extract fraction was loaded into a refillable metal HPLC column (20 

mm x 10 mm) and this column was attached in series to a diol bonded silica gel HPLC 

column (YMC, 5 µm, 21.2 mm x 150 mm). The combined columns were eluted with a 

solvent gradient from hexane to dichloromethane over 40 minutes followed by a 

gradient to 95% dichloromethane/5% methanol over 20 minutes at a flow rate of 9 mL 

min-1. Fractions were collected every minute. All fractions were evaporated to dryness 

and then analysed by 1H NMR spectroscopy in CDCl3. Fraction 10 was pure myristicin 
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(3) (10 mg), fraction 13 was pure cyclocolorenone (4) (35 mg), fractions 15-16 was pure 

polygodial (1) (220 mg), fraction 19 was pure polygonal (5) (7 mg), fractions 21-22 

were pure tasmannial (6) (14 mg), fractions 27-30 were pure futronolide (7) (20 mg), 

fractions 31-34 were pure drimendiol (8) (30 mg), fractions 35-38 were pure 

dendocarbin A (9) (45 mg), fractions 40-47 were pure polygonic acid (10) (70 mg), 

fractions 48-51 were pure isopolypiperic acid (11) (110 mg), fractions 52-54 were pure 

polypiperic acid (12) (44 mg), fractions 56-57 were pure changweikangic acid A (13) (14 

mg), fraction 55 was a mixture of dendocarbin L (14) and polypiperic acid (12) and 

these were separated further by HPLC on diol bonded silica eluting with 

dichloromethane to yield polypiperic acid (12) (10 mg) and dendocarbin L (14) (80 mg). 

In addition to isolating the compounds present in the bioactive region of the 

chromatographic separation, an additional three compounds were also isolated from 

another fraction obtained from the crude reverse phase MPLC separation. Diol bonded 

silica HPLC separation of a fraction (130 mg) eluting with 95% methanol / 5% water 

from the C18 MPLC column using a gradient from hexane to dichloromethane yielded (-

)-isocalamendiol (15) (12 mg), (+)-pinoresinol (16) (15 mg) and (+)-syringaresinol (17) 

(3 mg) respectively. 

4.2.3.8 General procedures for mass spectrometry, NMR spectrometry 

The 1H NMR and 2D NMR spectra were recorded in CDCl3 on a 600 MHz NMR 

spectrometer (Agilent) and MestReNova 8.1 software was used to process the data. 

The 1H and 13C chemical shifts were referenced to the solvent peak for CDCl3 at δH 7.24 

and δC 77. The LRESIMS were recorded on an Applied Biosystems Mariner 

Biospectrometry TOF workstation using positive electrospray ionization and a mobile 

phase of 1:1 MeOH:H2O. 

Polygodial (1): light yellow gum (220 mg, 0.47 %) [α]D -120 (c, 0.001, CHCl3) (lit -126) 

(Barnes and Loder 1962). 

Myristicin (3): colourless gum (10 mg, 0.02%); 

Cyclocolorenone (4): yellow gum (35 mg, 0.08%); [α]D -314 (c, 0.005, CHCl3) (lit -446); 

(Büchi, Kauffman et al. 1966). 
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Polygonal (5): yellow gum (7 mg, 0.02%); [α]D -2.3 (c, 0.002, CHCl3) (lit -7.3); (Asakawa 

and Takemoto 1979) 

Tasmannial (6): yellow gum (14 mg, 0.08%); [α]D -17.9 (c. 0.003, CHCl3); 1H and 13C 

NMR (CDCl3) see Table 4.7; (+) HRESI MS m/z 245.1510 (MNa+ calcd. for C14H22O2Na, 

245.1512). 

Futronolide (7): colourless gum (20 mg, 0.04%); [α]D +61.4 (c, 0.0007, CHCl3) (lit +119); 

(Mahmoud, Kinghorn et al. 1980). 

Drimendiol (8): colourless gum (30 mg, 0.06%); [α]D -4 (c, 0.003, CHCl3) (lit -8); (Derita, 

Montenegro et al. 2013). 

Dendocarbin A (9): colourless gum (45 mg, 0.09%); [α]D -41.4 (c, 0.004, CHCl3) (lit -10); 

(Sakio, Hirano et al. 2001). 

Polygonic acid (10): colourless gum (70 mg, 0.16%); [α]D -47.2 (c, 0.005, CHCl3) (lit -31); 

(Fukuyama, Sato et al. 1985). 

Isopolypiperic acid (11): yellow gum (110 mg, 0.24 %); [α]D +21.3 (c, 0.004, CHCl3); 1H 

and 13C NMR (CDCl3) see Table 4.7; (+) HRESI MS m/z 261.1458 (MNa+ calcd. for 

C14H22O3Na, 261.1461). 

Polypiperic acid (12): colourless gum (54 mg, 0.12%); [α]D +53.8 (c, 0.007, CHCl3); 

Changweikangic acid A (13): colourless gum (14 mg, 0.03%); [α]D -10.4 (c, 0.001, 

CHCl3);  (lit 14); (Liu, Liu et al. 2010). 

Dendocarbin L (14): colourless gum (80 mg, 0.17%); [α]D +38.1 (c, 0.004, CHCl3); (lit 

+10); (Sakio, Hirano et al. 2001).  
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Isocalamendiol (15): colourless gum (12 mg, 0.03%); [α]D -11.7 (c, 0.005, CHCl3) (lit -

26); (Williams and Callahan 1980). 

Pinoresinol (16): colourless gum (15 mg, 0.03%); [α]D +34.0 (c, 0.003, CHCl3) (lit +53); 

(Tanaka, Wada et al. 2004) 

Syringaresinol (17): colourless gum (3 mg, 0.005%); Figure 4.6 illustrates the chemical 
structures of the compounds isolated from the berries of T. lanceolata.   

 

4.2.4 Results 

 

Figure 4.4: Tasmannia lanceolata compounds.  
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Table 4.5: Minimum inhibitory concentrations (µg/mL) and µM for the berries of Tasmannia lanceolata isolated pure compounds against 

susceptible bacteria. 

 4 5 6 7 8 9 10 11 12 13 14 1 Extract Amp# Cip# 

A.faecalis - 49 49 - 65 65 65 49 25 - 20 - 200 61 0.004 

µM - 221 221 - 273 260 260 206 103 - 75 - N/A 165 0.012 

S.aureus ATCC - 49 49 - 65 65 65 49 25 - 30 30 200 61 0.153 

µM - 221 221 - 273 260 260 206 103 - 113 128 N/A 165 0.461 

S.marcescens - 49 49 - 65 65 65 49 65 - 30 - 200 61 0.004 

µM - 221 221 - 273 260 260 206 273 - 113 - N/A 165 0.012 

K. pneumoniae - - - - - 49 49 65 49 - - - 200 61 0.004 

µM - - - - - 196 196 273 206 - - - N/A 165 0.012 

E.coli ATCC - 49 49 - 65 49 49 49 49 65 20 - 200 15 0.004 

µM - 221 221 - 273 196 196 206 206 273 75 - N/A 41 0.012 

S.typhi (enterica) - - - - 65 - - - - - - - 200 4 0.004 

µM - - - - 273 - - - - - - - N/A 10 0.012 

E.faecium ATCC - 65 65 65 25 65 65 - - - 30 29 200 1960 Nd 

µM - 293 293 260 103 260 260 - - - 113 124 N/A 5278 Nd 

                



182 

 

                

Table 4.5: (Contd)                

 4 5 6 7 8 9 10 11 12 13 14 1 Extract Amp# Cip# 

P.aeruginosa ATCC - - - - - - - - - - - - - 61 0.038 

µM - - - - - - - - - - - - N/A 165 0.115 

P.mirabilis - - - - - - - - - - - - 200 31 0.038 

µM - - - - - - - - - - - - N/A 84 0.115 

S.pyogenes - 50 50 50 12 - - - 25 - - 29 200 Nd Nd 

µM - 225 225 200 51 - - - 105 - - 124 N/A Nd Nd 

B.cereus 40 6 12 12 40 20 20 20 12 6 15 6 20 61 0.612 

µM 183 27 55 49 168 80 80 80 50 25 55 26 N/A 165 1.85 

Numbers indicate the mean MIC values of at least triplicate determinations. Nd - not determined at the highest concentration tested; – indicates no growth inhibition at 4-8 hours; N/A - not 

applicable; # - Positive controls: Amp (ampicillin) and Cip (ciprofloxin).
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Table 4.6: Minimum bactericidal concentration (µg/mL) of Tasmannia lanceolata isolated pure compounds against susceptible bacteria. 

 4 5 6 7 8 9 10 11 12 13 14 1 Extract Amp# Cip# 

A.faecalis NT - - NT - - - - - NT - NT - 244 0.306 

S.aureus ATCC NT - - NT - - - - - NT - - - 122 0.306 

S.marcescens NT - - NT - - - - - NT - NT - 244 0.004 

K. pneumoniae NT NT NT NT NT - - - - NT NT NT - 122 0.008 

E.coli ATCC NT - - NT - - - - - - - NT - 15 0.004 

S.typhi (enterica) NT NT NT NT - NT NT NT NT NT NT NT - 1952 0.076 

E.faecium ATCC NT - - - -(49) - - NT NT NT - - - - NT 

P.aeruginosa ATCC NT NT NT NT NT NT NT NT NT NT NT NT NT 122 0.076 

P.mirabilis NT NT NT NT NT NT NT NT NT NT NT NT - 248 0.076 

S.pyogenes NT - - - 12 NT NT NT 25 NT NT 49 - NT NT 

B.cereus -(49) 49 49 49 12 49(25) 49(25) 49(25) 25 49(25) -(29) 12 200 1952 1.224 

Numbers indicate the mean MBC values of at least six times determinations and conventional plating method for 48 hour incubation, – indicates no growth inhibition, NT indicated not tested as no 

MIC was observed, () – the MBC determined through broth dilution assay, only indicated if different from the MBC achieved via conventional plating method.
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Extraction of the berries of T. lanceolata with ethyl acetate yielded an extract that 

showed antibacterial activity at a dose of 0.2 mg/mL against all micro-organisms tested 

except P. aeruginosa and P. mirabilis (Table 4.5). Based upon this result, purification of 

the extract by C18 HPLC was followed using a modified Kirby disk diffusion assay. This 

indicated that the antimicrobial bioactivity was associated with reasonably 

hydrophobic compounds since bioactivity eluted from the C18 column in ~60%-85% 

aqueous methanol. Further purification of the combined fractions eluting in the 

bioactive region on diol bonded silica led to the isolation of a sesquiterpene ketone, 

cyclocolorenone, the phenylpropane, myristicin, nine known and two new drimane 

derivatives. Polygodial was the major compound present. The structures of the known 

compounds were determined by analysis of 
1
H and 2D NMR data and comparison with 

published data (Barnes and Loder 1962, Büchi, Kauffman et al. 1966, Asakawa and 

Takemoto 1979, Mahmoud, Kinghorn et al. 1980, Williams and Callahan 1980, 

Fukuyama, Sato et al. 1985, Sakio, Hirano et al. 2001, Tanaka, Wada et al. 2004, Liu, Liu 

et al. 2010, Derita, Montenegro et al. 2013). 

Tasmannial (6) was isolated as a colourless gum. Positive ESI MS analysis gave a MNa
+
 

ion at m/z 245.1510 (∆ 0.8 ppm) which allowed a molecular formula C14H22O2 to be 

assigned. The 
1
H NMR spectrum contained signals assignable to an aldehyde (δΗ 9.47), 

olefin (δΗ 6.95), oxygenated methine (δΗ 3.84), three quaternary methyls and nine 

alicyclic methine or methylene protons. Analysis of HSQC data established that 

tasmannial contained four methine, four methylene and three methyl carbons 

indicating that the remaining three carbons were quaternary. The chemical shift of 

both the aldehyde and the olefinic methine carbons suggested that they were 

conjugated to each other and this was confirmed from the observation of a HMBC 
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correlation between the olefinic proton H-7 and the aldehyde carbon C-11. The 

oxygenated methine was attached to the α carbon (C-8) of the α,β-unsaturated 

aldehyde group because HMBC correlations were observed between H-11 and C-9 and 

H-9 correlated to C-7, C-8 and C-11. COSY correlations were observed between the 

protons from three of the methylene resonances establishing a propyl moiety while a 

second spin system, CHCH2CH=C was deduced from correlations from H-6α and H-6β 

to H-5 and H-7. HMBC correlations from the three methyl protons allowed the gross 

structural framework to be defined. A decalin system was deduced from HMBC 

correlations from 12-CH3 and 13-CH3 to C-3, C-4 and C-5 and from 14-CH3 to C-1, C-5, 

C-10 and C-9. The relative configurations of the three stereogenic centres (C-5, C-9 and 

C-10) were assigned from interpretation of ROESY correlations and consideration of 

the chemical shifts of the methyl carbons. The upfield chemicals shifts of 14-CH3 and 

12-CH3 allowed both to be assigned to axial positions. Both of these methyl protons 

also showed ROESY correlations to the axial protons H-2β and H-6β.  ROESY 

correlations between H-9 and 14-CH3 and the methylene protons, H-1α and H-1β 

indicated that H-9 was on the β face of the molecule. The negative optical rotation 

recorded for tasmannial was similar to the known drimane sesquiterpenes co-isolated 

in this study indicating that the compound had the same absolute configuration at C-5 

and C-10 (5S, 9S, 10R). 

Isopolypiperic acid (11) was isolated as a colourless gum and high resolution ESI MS 

analysis of the MNa
+
 ion at m/z 261.1458 (∆ 1.2 ppm) allowed a molecular formula 

C14H22O3 to be assigned. One and two dimensional NMR analysis indicated that its 

gross structure was the same as polypiperic acid; however the comparison of its NMR 

data with that of polypiperic acid showed subtle differences in the data associated 
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mainly with positions C-5 to C-7, suggesting that the configuration at C-7 was inverted. 

The proton, H-7 in the 
1
H NMR spectrum of polypiperic acid only showed a small 

coupling (4.7 Hz) to H-6α and no coupling at all to H-6β whereas H-7 in isopolypiperic 

acid showed a 9.6 Hz coupling to H-6α and a 7.6 Hz coupling to H-6β. This was 

consistent with H-7 being axial. The equatorial configuration of 7-OH in isopolypiperic 

acid was also consistent with the 0.30 ppm upfield shift of H-5 relative to that of H-5 in 

polypiperic acid. The absolute configuration of isopolypiperic acid was assigned 5S, 7R, 

10R by comparison of its positive optical rotation with that of the known compound 

polypiperic acid which also shows a positive rotation. 
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Table 4.7: 
1
H (600 MHz) and 

13
C (125 MHz) NMR Spectroscopic data for Tasmannial 

(6) and Isopolypiperic acid (11) in CDCl3. 

  6  11 

Position δC δH (J, Hz) δC δH (J, Hz) 

1 33.1 α 1.88 (dt, 4.1, 13.5) 37.9 α 1.56 (dt, 3.4, 13.4) 

  β 1.24 (td, 4.1, 13.5)  β 1.25 (td, 3.4, 13.4) 

2 17.9 α 1.53 (dqd, 2.7, 4.1, 13.5) 18.3 α 1.51 (m) 

  β 1.63 (tq, 4.1, 13.5)  β 1.70 (tq, 3.4, 13.4)  

3 41.7 α 1.27 (dt, 4.1, 13.5) 41.2 α 1.18 (dt, 3.4, 13.4) 

  β 1.44 (td, 4.1, 13.5)  β 1.46 (td, 3.4, 13.4) 

4 32.3 - 32.6 - 

5 40.8 1.73 (dd, 5.0, 11.7) 48.6 1.18 (dd, 1.3, 13.4) 

6 25.6 α 2.46 (td, 5.0, 20.1) 27.0 α 1.54 (m) 

 - β 2.18 (ddd, 2.6, 11.7, 20.1)  β 2.17 (dd, 7.4, 12.3) 

7 152.8 6.95 (dd, 2.6, 5.0) 68.0 4.59 (dd, 7.6, 9.6) 

8 141.7 - 127.9 - 

9 70.0 3.84 (d, 0.7) 156.4 6.84 (s) 

10 36.3 - 36.7 - 

11 193.9 9.47 (d, 0.7) 172.1 - 

12 21.6 0.94 (s) 21.0 0.88 (s) 

13 32.8 0.93 (s)  32.4 0.91 (s)  

14 18.2 0.76 (s) 19.7 1.10 (s) 

 

The bacterial inhibitory screening data (MIC) for the ethyl acetate extract and 12 of the 

compounds isolated from the antibacterial HPLC fraction from the berry extract of T. 

lanceolata against 11 food borne and pathogenic bacteria are summarised in Table 4.5, 

and the bactericidal activity (MBC) in Table 4.6. Broad antimicrobial bioactivity of the 

ethyl acetate extract was observed with all strains except P. aeruginosa. The most 

potent activity was shown against B. cereus where the extract inhibited its growth at 
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20 µg/mL and killed the bacteria at a dose of 200 µg/mL. The antimicrobial activity of 

the ethyl acetate extract was shown to be associated with a suite of drimane 

sesquiterpenes. Cyclocolorenone (4) was only active against the gram-positive rod 

bacteria B. cereus, exhibiting a MIC of 40 µg/mL (172 µM). Polygodial (1) was active 

against all four gram-positive bacteria and was the most potent inhibitor of B. cereus. 

Polygodial was not active against any of the gram-negative bacteria. The two α,β-

unsaturated mono aldehydes, polygonal (5) and tasmannial (6), were weakly active 

(221 – 293 µM) against three gram-positive, three gram-negative bacterial strains and 

more potently active against B. cereus (27 µM and 55 µM respectively). However, they 

were not active against the gram-negative bacteria K. pneumoniae, S. typhi, P. 

aeruginosa and P. mirabilis. Polygonal (5) was the second most active compound 

tested against B. cereus. The drimane lactone, futronolide (7), was active against the 

gram-positive bacteria (E. faecium, S. pyogenes and B. cereus) but inactive against all of 

the gram-negative strains as well as S. aureus. The drimane dialcohol, drimendiol (8), 

exhibited the broadest spectrum of bacterial inhibition of the compounds tested, 

inhibiting the growth of all gram-positive and gram-negative bacteria except for K. 

pneumonia, P. aeruginosa, P. mirabilis. It was the most potent inhibitor of E. faecium 

(103 µM). Dendocarbin A (9) and polygonic acid (10) exhibited identical antibacterial 

activity, inhibiting the growth of three gram-positive and four gram-negative bacteria. 

The closely related compound, dendocarbin L (14) was more active against the same 

three gram-positive bacteria, three gram-negative bacteria (A. faecalis, S. marcescens 

and E. coli) and was inactive against K. pneumonia. It was the most potent inhibitor of 

A. faecalis, S. aureus, S. marcescens and E. coli. The two 7-hydroxy-8-carboxy-nor-

drimanes isopolypiperic acid (11) and polypiperic acid (12) also inhibited the same 
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bacterial strains as each other, inhibiting three gram-negative and three gram-positive 

bacteria strains. Polypiperic acid (12) was slightly more active against five of the six 

strains while isopolypiperic acid (11) was slightly more active against S. marcescens. 

Although changweikangic acid A (13) is isomeric with isopolypiperic acid (11) and 

polypiperic acid (12), it was only weakly active against one bacterial strain, E. coli (273 

µM). 

Minimum bactericidal concentrations reported in Table 4.6, indicates that none of the 

T. lanceolata fruit compounds were bactericidal against A. faecalis, S. aureus, S. 

marcescens, K. pneumoniae, E. coli, S. typhi, E. faecium, P. aeruginosa and P. mirabilis 

at the doses tested. However, several of the compounds showed bactericidal activity 

against the gram-positive bacteria, S. pyogenes and B. cereus. All of the drimane 

terpenes except dendocarbin L killed B. cereus at a minimum bactericidal dose of 49 

µg/mL or better. Drimendiol (8), polypiperic acid (12) and polygodial (1) also killed S. 

pyogenes at a minimum dose of 12, 25 and 49 µg/mL respectively. 

 

4.2.5 Discussion 

This study has demonstrated that a diversity of drimane and nordrimane 

sesquiterpenes were responsible for the majority of antimicrobial activity present in an 

extract derived from T. lanceolata fruit. Furthermore this is the first report on the 

antibacterial activity of the five known drimane sesquiterpenes (7, 8, 9, 10 and 14), 

three known nordrimane sesquiterpenes (5, 12 and 13) and two new nordrimane 

sesquiterpenes, tasmannial (6) and isopolygonic acid (11). The antibiotic ciprofloxacin 

gave a MIC of 0.612 mg/L against B. cereus, which compares favourably with a 

literature MIC of 0.25 mg/L (Turnbull, Sirianni et al. 2004). Likewise, the ampicillin MIC 
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was determined to be 61.2 mg/L which also compared favourably with the literature 

reported MIC of 24 mg/L (Turnbull, Sirianni et al. 2004, Luna, King et al. 2007). As the 

MIC values achieved are in close agreement to those reported in the literature, these 

results can be considered to be valid and applicable. In addition the antibacterial 

activity of the known T. lanceolata berry constituent, polygodial (1) has been extended 

to include activity against B. cereus, S. pyogenes and E. faecium. To date the only non-

volatile compounds reported from the berries of T. lanceolata were polygodial and a 

small number of flavonoids. This knowledge can now be extended to include an 

additional five drimane sesquiterpenes, five nordrimane sesquiterpenes, an 

aromadendrane sesquiterpene, cyclocolornenone (4), a cadenane sesquiterpene 

isocalamendiol (15), two lignans, pinoresinol (16) and syringaresinol (17) and the 

phenylpropane myristicin (3). This is the first time that lignans have been reported 

from any species from the Winteraceae family. The most potent antibacterial activities 

obtained for the ethyl acetate extract was against B. cereus (MIC 20 µg/mL) (Table 4.3), 

but the extract also inhibited the growth of all other strains tested except P. 

aeruginosa at a dose of 200 µg/mL. The growth of B. cereus and E. coli were inhibited 

by most of the compounds isolated from the pepper berry fruit extract. But P. mirabilis 

and P. aeruginosa were not affected by the isolated compounds at the highest 

concentration tested (250 µM). Interestingly no single compound showed broad 

spectrum antibacterial activity against the strains tested, indicating that the fruit 

extract exerts antimicrobial activity based upon the combined effect of multiple 

compounds. Although polygodial was the most abundant compound present in the 

extract, it did not show broad spectrum antibacterial activity. In the current study, 

polygodial was active against three gram-positive bacteria and the gram-negative 
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bacteria B. cereus, but not S. typhi. In previous studies polygodial has been shown to 

be active against three yeasts and the gram-negative bacteria Salmonella choleraesuis 

and E. coli. In the current study, no inhibitory activity against E. coli or S. typhi were 

detected, but this was not surprising since the MBC previously reported was 

determined to be at considerably higher dose than the concentrations tested in the 

current study. A comparable MBC for polygodial against B. cereus and S. aureus to that 

previously reported against Bacillus subtilis and S. aureus was observed, suggesting 

that polygodial may also show selectivity for other Bacillus and Staphylococcus strains. 

Polygodial was the most potent inhibitor of B. cereus and killed the bacteria at a 

minimum dose of 12 µg/mL. The antifungal actions of polygodial have been shown to 

be associated with the compounds with non-ionic surfactant properties, which leads to 

disruption of lipid protein interactions. Similar properties might explain the activity 

observed against other microorganisms. Polygonal (5) was the next most potent 

inhibitor of B. cereus killing the bacteria at a minimum dose (49 µg/mL) close to its 

MIC. Eight of the other nine drimane and nordrimane terpenes present in the T. 

lanceolata berry extract showed comparable MICs against B. cereus and all killed this 

microbe at a MBC of 49 µg/mL. Since B. cereus is a common food borne pathogen, the 

use of either a T. lanceolata berry extract or any of its drimane terpene constituents 

may be useful for food preservation. Cooked rice dishes in particular are susceptible to 

B. cereus contamination and the addition of either T. lanceolata berry extracts as a 

condiment or individual drimane components as food preservatives would require 

extensive food safety testing prior to approval by food regulatory authorities. Since 

many of the active drimanes do not possess a pungent di-aldehyde moiety, these 

compounds could be used as food preservatives without imparting a pungent taste. 
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Drimendiol (8) showed the broadest spectrum of activity, inhibiting eight of 11 bacteria 

tested and was the most potent inhibitor of S. pyogenes and E. faecium. This is 

interesting from the perspective that Drimendiol (8) does not contain a reactive α,β-

unsaturated aldehyde or carboxylic acid moiety which are often associated with 

toxicity (Zapata, Budia et al. 2009, Zapata, Vargas et al. 2010). The drimanes containing 

aldehyde or hemiacetals such as polygonal (5), tasmannial (6), dendocarbin A (9), 

polygonic acid (10) and dendocarbin L (14) each inhibited between six and seven 

bacterial strains at concentrations at or below 65 µg/mL. Dendocarbin L (14) was 

slightly more active than the other four compounds and was the most potent inhibitor 

of E. coli, A. faecalis, S. aureus and S. marcescens. The fact that futronolide (7), which is 

structurally related to dendocarbin L (14) was inactive against A. faecalis, S. aureus, S. 

marcescens or E. coli suggests that the carboxylic acid and/or aldehyde moieties 

attached at either C-8 and C-9 are important for bacterial growth inhibition. 

Furthermore, the addition of a hydroxyl group at C-7 improves the inhibitory effect, 

since dendocarbin L (14) is more active than either polygonic acid (12) or dendocarbin 

A (9) which both possess the combination of an aldehyde and carboxyl group attached 

at either C-8 or C-9. It is also interesting to note that both dendocarbin A (9) and 

dendocarbin L (14) which are molecules that contain an aldehyde moiety attached at 

C-9 and a carboxylic acid attached at C-8 are present as the hemiacetal form in CDCl3, 

while polygonic acid (10) which has an aldehyde attached at C-8 and a carboxylic acid 

attached at C-9 is present as the free acid form in CDCl3. There was no difference in the 

selectivity or potency of antimicrobial activity between (9) and (10) suggesting that the 

regiochemistry of the aldehyde and carboxylic acid groups does not influence their 

antimicrobial activity. The five nordrimane sesquiterpenes isolated from T. lanceolata 
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also show some interesting structure activity trends. Tasmannial (6) and 

changweikangic acid A (13) differ only by the replacement of the C-8 aldehyde in (6) 

with a carboxylic acid in (13). This subtle change dramatically affects the antimicrobial 

activity since (13) only inhibits the growth of E. coli, while tasmannial (6) inhibits the 

growth of eight bacterial strains, including E. coli. By analogy, polypiperic acid (12) is 

the carboxylic acid derivative of polygonal (5), while isopolypiperic acid is the C-7 

epimer of polypiperic acid (12). The only major difference in the biological activity 

observed for these three compounds is that polygonal (5) weakly inhibits E. faecium 

growth while isopolypiperic acid (11) and polypiperic acid (12) don’t at the highest 

dose they were tested (200 µM). Furthermore epimerization of the hydroxyl group 

attached at C-7 leads to a marginal improvement in inhibition against A. faecalis, S. 

aureus and B. cereus and a marginal reduction in inhibitory activity against S. 

marcescens and K. pneumoniae. K. pneumoniae was specifically inhibited only by 

compounds containing either a free carboxylic acid moiety or one in which the 

carboxylic acid was incorporated into a hemiacetal and thus free to revert to the free 

carboxylic acid in solution. The position of the carboxylic acid relative to other 

functional groups within the molecule did influence the inhibitory activity against K. 

pneumonia since neither changweikangic acid A (13) nor dendocarbin L (14) inhibited 

its growth. The three nordrimanes containing a hydroxyl alpha to carboxylic acid 

functionality (11, 12 and 13) did not inhibit the growth of the gram-positive bacteria E. 

faecium whereas all of the other drimanes showed inhibitory activity against this 

bacteria. 

A surprising result from this study was the lack of activity observed for polygodial (1) 

against many of the strains tested considering that its structure shows many 
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similarities to the other compounds isolated that showed microbial inhibition. A 

possible explanation for this could be that polygodial is more lipophilic and is thus less 

soluble; making it difficult to test at the high concentration levels which the related 

compounds showed inhibition.  

The results of this study are informative since some of the bacteria used can survive in 

adverse environmental conditions (B. cereus and E. faecium), are susceptible to 

antibiotic resistance (S. aureus) and most strains are a source of increasing health 

concern in food safety and clinical medicine (Diekema, Pfaller et al. 2001, Lynch, 

Painter et al. 2006, Control and Prevention 2013). In a previous study, Polygodial, the 

major component present in the berries of T. lanceolata has been assumed to be 

responsible for the antimicrobial activity ascribed to the berry. Polygodial not only 

shows antimicrobial activity (Kubo and Fujita 2001, Kubo, Fujita et al. 2005, Silveira, 

Claudino et al. 2012) but has been shown to possess antifeedant (Asakawa, Dawson et 

al. 1988), anti-inflammatory (Lago, Carvalho et al. 2010), antiallergic (da Cunha, Fröde 

et al. 2001) and antihyperalgesia (Mendes, Santos et al. 1998) activity, in addition to its 

pungent taste. The present study however has clearly demonstrated that the broad 

spectrum of antimicrobial activity reported for T. lanceolata berry extracts is 

dependent upon the diversity of drimane derivatives present and that no single 

compound is solely responsible for the activity observed by the whole extract. The 

pungent taste of the crude berry extract is something to be considered by the food 

industry if it is to be considered for use as a food preservative against bacteria such as 

B. cereus, S. typhi and E. coli. The fact that a variety of drimanes, which don’t possess 

the pungent 1,4-dialdehyde moiety, are present in the extract and possess potent 

antibacterial activity suggests that a natural preservative based upon a modified T. 
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lanceolata extract (devoid of polygodial) could be developed for food preservation 

without the pungent taste. Alternatively, the current study has clearly demonstrated 

that an extract derived from the berries of T. lanceolata fruit could be used to preserve 

food and at the same time impart a pungent taste. A study by Szallasi, Jonassohn et al. 

(1996) showed that polygodial exhibited pungency at a dose of 0.4 nmol/ tongue (or 

0.13 µg/cm
2
). This dose can be extrapolated to a concentration of 5 µM which is in a 

similar range to the MIC observed for it against B. cereus, suggesting that polygodial 

alone could be applied as a preservative to foods at a concentration that would not be 

unbearably pungent. Likewise, some of the non-pungent antimicrobial drimanes 

present in T. lanceolata berry extracts could also be used as preservatives at a 

concentration comparable to their natural concentration in the berry. Furthermore, 

some of the isolated T. lanceolata drimane derivatives also inhibit human bacterial 

pathogens, these compounds could be developed as treatments for infections. 
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4.3 Spectra for isolated compounds of Tasmannia lanceolata 

The following section contains the supplementary information for Section 4.2 

“Tasmannia lanceolata and its antimicrobial bioactive” of this thesis. 
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Figure 4.5: 
1
H NMR (600 MHz, CDCl3) spectrum of Mysticin (3).  
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Figure 4.6: 
1
H NMR (600 MHz, CDCl3) spectrum of Cyclocolorenone (4).  
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Figure 4.7: 
1
H NMR (600 MHz, CDCl3) spectrum of Polygonal (5).  
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Figure 4.8: 
1
H NMR (600 MHz, CDCl3) spectrum of Tasmannial (6).  
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Figure 4.9: COSY (600 MHz, CDCl3) spectrum of Tasmannial (6).  
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Figure 4.10: HSQC (600 MHz, CDCl3) spectrum of Tasmannial (6).  
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Figure 4.11: HMBC (600 MHz, CDCl3) spectrum of Tasmannial (6).  
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Figure 4.12: HSQC (600 MHz, CDCl3) spectrum of Futronolide (7).  
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Figure 4.13: 
1
H NMR (600 MHz, CDCl3) spectrum of Drimendiol (8).  
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Figure 4.14: 
1
H NMR (600 MHz, CDCl3) spectrum of Dendocarbin A (9).  
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Figure 4.15: 
1
H NMR (600 MHz, CDCl3) spectrum of Polygonic acid (10).  
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Figure 4.16: 
1
H NMR (600 MHz, CDCl3) spectrum of Isopolypiperic acid (11).  
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Figure 4.17: COSY (600 MHz, CDCl3) spectrum of Isopolypiperic acid (11).  
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Figure 4.18: HSQC (600 MHz, CDCl3) spectrum of Isopolypiperic acid (11).  
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Figure 4.19: HMBC (600 MHz, CDCl3) spectrum of Isopolypiperic acid (11).  
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Figure 4.20: 
1
H NMR (600 MHz, CDCl3) spectrum of Polypiperic acid (12).  
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Figure 4.21: 
1
H NMR (600 MHz, CDCl3) spectrum of Changweikangic acid A (13).  
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Figure 4.22: 
1
H NMR (600 MHz, CDCl3) spectrum of Dendocarbin L (14).  
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Figure 4.23: 
1
H NMR (600 MHz, CDCl3) spectrum of Polygodial (1).  
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Figure 4.24: 
1
H NMR (600 MHz, CDCl3) spectrum of Pinoresinol (16).  
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Figure 4.25: 
1
H NMR (600 MHz, CDCl3) spectrum of Syringaresinol (17).  
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Figure 4.26: 
1
H NMR (600 MHz, CDCl3) spectrum of Isocalamendiol (15) 
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5 Selective Australian native plants: resource for 

natural antigiardial agent? 

5.1 Background 

Giardia duodenalis is a protozoan parasite of the small intestine that causes extensive 

morbidity worldwide. Some strains of G. duodenalis have developed immunity to the 

gold standard drug, metronidazole. Therefore, there is a need to find new antigiardial 

agents. Tasmannia lanceolata and Terminalia ferdinandiana are endemic Australian 

plants which have long been used as foods and medicines by Indigenous Australians. 

The antiparasitic bioactivities of these plants have been poorly studied in the past and 

as such are the focus of this report.  

 

5.2 Introduction 

Giardiasis is an intestinal infection caused by the flagellate anaerobic protozoan 

Giardia Duodenalis (syn: Giardia lamblia, Giardia intestinalis) with a worldwide 

distribution and high rates of prevalence (Thompson, Hopkins et al. 2000, Adam 2001, 

Upcroft and Upcroft 2001). The World Health Organization (WHO) has estimated that 

280 million people are infected each year (Mathers, Vos et al. 1998, Upcroft and 

Upcroft 2001). The infection can be symptomatic with characteristics such as 

diarrhoea, pain, nausea, vomiting, cramps and weight loss (Adam 2001). Most 

infections are asymptomatic and the transmission of Giardia cysts occur through the 

ingestion of contaminated food and water (Adam 2001, Ali and Hill 2003).  

The drugs used to treat the illness are 5-nitroimidazoles; metronidazole, furazolidone 

and more recently benzimidazoles and nitazoxanide (Figure 5.1). Although these drugs 
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are effective, most of them have side effects, some of which are headaches, nausea 

and vomiting during periods of treatment (Ortega and Adam 1997). However previous 

research has also demonstrated cytotoxic effects of metronidazole (Nigro, Palermo et 

al. 2003) and furazolidone leading to mammary tumours in rats, while benzimidazoles 

could be teratogenic agents (Liu and Weller 1996). There are studies which have 

demonstrated drug resistance of G. intestinalis to these drugs (Lemee, Zaharia et al. 

2000, Upcroft and Upcroft 2001). Therefore, there is a need to find new, effective and 

safe antigiardial agents and medicinal plants are promising sources of such 

compounds. 

Plants and their products had been used as traditional remedies for various ailments in 

numerous countries. There has been a long association between the co-existence of 

parasites and humans for which herbal remedies are the primary treatment through 

the ages. Plants are an important source for drug discovery especially for parasite 

control. Plant products which possess antiprotozoan effects also have not been studied 

in great detail. However, limited research studies have shown that garlic extract 

(Allium sativum L), thyme oil (Thymum vulgaris) and medium chain fatty acids found in 

coconut oil have the ability to inhibit the growth of G. duodenalis tropozites (Lun, Burri 

et al. 1994, Sahebani, Farsangi et al. 2004, Rayan, Stenzel et al. 2005) without the side 

effects associated with the use of drugs such as metronidazole. Studies on the native 

desert plant Yucca which is traditionally used to treat arthritis, fever and ulcers has 

also been shown to be effective in treating giardiasis in gerbils (Quihui-Cota, León-

Trujillo et al. 2014). Australia’s flora is very unique, with over 80% of species being 

endemic and there is a long history of traditional usage of native plants as medicines 

(Meert 2003). Indigenous Australians  have  used a variety of plant medicines to help 
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maintain their health (Lassak and McCarthy 2006). Unfortunately, most indigenous 

Australian’s knowledge of plant usage remains undocumented and instead traditional 

knowledge has been passed orally from one generation to the next. Much of the 

information about the antiparasitic activities of Australian plants is anecdotal, although 

research into the antiseptic nature of Australian plants has received recent attention 

(Semple, Reynolds et al. 1998, Setzer, Shen et al. 2000). However, only a few of the 

medicinal plants utilised by indigenous Australians have undergone rigorous scientific 

investigation to confirm their antimicrobial activities. One of the studies examined a 

panel of plant extracts commonly used by indigenous Australians and found most of 

them are either high in antioxidant phenols or have potential use as pharmaceuticals 

due to their phytochemical profiling (Netzel, Netzel et al. 2007). Furthermore, a range 

of antioxidants such as flavonoids (Calzada, Meckes et al. 1999, Calzada, Velazquez et 

al. 2003, Calzada, Cervantes-Martinez et al. 2005, Barbosa, Calzada et al. 2006), 

terpenoids (Mena-Rejon, Perez-Espadas et al. 2007), proanthocyanidins (Calzada, 

Cerda-Garcia-Rojas et al. 1999, Calzada, Cedillo-Rivera et al. 2001) and alkaloids (Moo-

Puc, Mena-Rejon et al. 2007) are known to kill trophozoites both in vitro and in vivo. 

Australian native plant products with ethnopharmacological usage could be a good 

starting point in the search for antiparasitic drugs. There are many Australian native 

plants used by indigenous Australians that have not been examined for antiprotozoan 

activity. Two of these plants are Tasmannia lanceolata (Tasmanian pepper) and T. 

ferdinandiana (Kakadu plum). Both have been reported to have ethnopharmacological 

usage, with the berries of T. lanceolata being reported to contain high concentrations 

of terpenoids and anthocyanins, whereas T. ferdinandiana was high in flavonoids 

(Netzel, Netzel et al. 2006, Netzel, Netzel et al. 2007). 
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Figure 5.1: Structure for the drugs of choice (a) metronidazole, (b) furazolidone, (c) 

benzimidazoles, (d) nitazoxanide. 

 

5.3 Specific aims and hypothesis of this chapter 

The aim of this research was to assess the antigiardial bioactivity of extracts 

derived from the fruits of two Australian native plants, Tasmannia lanceolata and 

T. ferdinandiana. The selected extracts from each plant were hypothesised to 

inhibit the growth of G. duodenalis. To test this hypothesis, both the fruits were 

extracted with various solvents (ethyl acetate, hexane, chloroform, methanol and 

deionised water), dried and then re-suspended in deionised water. These extracts 

were tested in-vitro for antigiardial activity by exposing the protozoan to different 

concentrations of the extracts to assess parasite viability and death. Eventually, the 

potent extracts were fractionated in order to identify the bioactive compounds as 

a potential new antigiardial drugs.  
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5.4 Materials and Methods 

5.4.1 Plant material 

T. ferdinandiana’s fruit pulp was a gift from David Boehme of Wild Harvest, Northern 

Territory, Australia. The pulp was frozen for transport and stored at –10°C until 

processed. 

The berries of Tasmannia lanceolata (20 g) was bought from “A taste of the bush”; an 

online supplier of native Australian herbs, spices and products. The dried berry was 

transported in an air tight plastic bag and stored at –10 °C until processed. 

 

5.4.2 Crude extracts preparation 

The T. ferdinandiana (pulp) and berries of T. lanceolata fruit was thawed at room 

temperature and dried in a Sunbeam food dehydrator. The dried material was 

subsequently grounded to a coarse powder. 1 g of each of the ground dried pulp was 

extracted extensively in 50 mL of 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 extracts were filtered through filter paper (Whatman No.54) 

under vacuum, followed by drying by a rotary evaporation in an Eppendorf 

concentrator 5301. The resultant pellets were reconstituted in 10 mL deionised water 

with 1% dimethylsulphoxide (DMSO; the vehicle solvent). Then the extracts were 

passed through 0.22 μm filter (Sarstedt) and stored at 4 °C. 
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5.4.3 Fractionation 

The hexane extract (T. ferdinandiana) and the ethyl acetate extract (T. lanceolata) 

were selected for the fractionation as they showed the highest levels of bioactivity in 

comparison to the other crude extracts for the respective fruits. Aliquots of the hexane 

extract (386.4 mg) from T. ferdinandiana and the ethyl acetate extract (234.6mg) from 

T. lanceolata were adsorbed onto C18 bonded silica (Alltech Davisil, 4 - 60 µm 60Å) with 

a 1:1 ratio and packed into a refillable stainless steel HPLC cartridge. The cartridges 

were attached in series to a C18 bonded silica HPLC column (Thermo scientific, Betasil 

21.2 mm x 150 mm) and eluted with a solvent gradient of 100% H2O to 100% methanol 

over 60 minutes at a flow rate of 9 mL min-1, followed by elution with methanol for 10 

minutes at 9 mL min-1, a total of 71 fractions were collected. The analytical 

instrumentation for HPLC consisted of Merck-Hitachi HPLC system with L-7100 pump, 

D-7000 interface and L-7455 photo diode array detector connected to Gilson auto-

sampler (L7250) and fraction collector. Data collection commenced as soon as the run 

started. 

 

5.4.4 Antiprotozoal screening  

5.4.4.1 Culture and harvest of Giardia trophozoites 

The parasite strain used in this study was designated Giardia duodenalis S-2 (Sheep 

strain-2), kindly donated by Associate Professor Andre´ Buret from the School of 

Biological Sciences, University of Calgary, Alberta, Canada. Trophozoites were grown at 

37 oC in 5 mL sterile, disposable culture tubes containing Tryptone Yeast Iron-S-33 (TYI-

S-33) growth medium supplemented with 1% bovine bile (Sigma), 10% Serum Supreme 

(Cambrex Bioproducts) and 200 IU/mL penicillin/200 µg/mL streptomycin (Invitrogen, 
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CA, USA) (McDonnell, Scott et al. 2003). Confluent tubes of mid-log phase parasite 

cultures were passaged every two days by placing culture tubes on ice for a minimum 

of 15 minutes then vortexing to dislodge adherent trophozoites. New sterile eppendorf 

tubes containing 2 mL of fresh medium were then seeded with sufficient numbers of 

parasites (approximately 32-60 trophozoites/µL) for confluence to be obtained within 

48 hours. The parasites were maintained in axenic conditions at 37 °C by serial sub 

cultivation, as explained above. 

5.4.4.2 Evaluation of antigiardial activity by direct parasite enumeration 

The stock concentrations of T. lanceolata and T. ferdinandiana fruit extracts were 

initially single dose tested to find if the extract showed any inhibition of the growth of 

G. duodenalis (S 2) (refer to Figure 5.2; graphs a and d). Following the initial testing of 

single dosage, only active extracts were serially diluted for the dose response curve 

until the inhibition was 100% for parasite death. The concentration for the active 

extracts ranged between 0 µg/ mL and 700 µg/ mL in the assay. The antiproliferative 

activity of the test extracts were determined and expressed as a % of the untreated 

control trophozoites per mL. Antigiardial activity of the extracts was assessed by direct 

enumeration of parasite number. These results were compared to negative controls 

containing only solvent and positive controls which contained metronidazole. The 

trophozoite suspension (4750 µL) containing approximately 200 trophozoites per µL 

prepared in fresh medium were added to sterile 5 mL tubes containing 250 µL of the 

test extract in the vehicle solvent (1% dimethylsulphoxide DMSO; the vehicle solvent) 

and incubated anaerobically at 37 ° C for three hours in a humidified CO2 incubator. 

After three hours incubation, all tubes were placed on ice for a minimum of 15 

minutes, followed by vortexing to dislodge the adherent trophozoites from the walls of 
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the culture vessel. The suspensions were mounted onto a Neubauer haemocytometer 

(Weber, UK) and the total trophozoites per mL were determined. The antiproliferative 

activity of the test extracts was determined and expressed as a % of the untreated 

control trophozoites per mL. 

5.4.4.3  Enumeration of parasites 

Parasites were counted using a Neubauer haemocytometer (Weber, England) after 

pre-treatment with ice and vortexing. Total trophozoite numbers per mL were 

calculated from the mean of at least five haemocytometer counts. Trophozoite 

viability was assessed by parasite motility, flagellar movement, membrane integrity, 

parasite morphology and 1% Trypan blue dye exclusion. 

To determine the antiprotozoan activity of different T. lanceolata and T. ferdinandiana 

fruit extracts, the trophozoites were incubated in growth medium with a range of 

concentrations of each extract for three hours. Cytotoxicity and overall cellular 

responses were then observed using light microscopy. 

5.4.4.4 Preliminary preparation and fixation of trophozoites 

Trophozoites were grown on sterile, round, 12 mm glass coverslips and then treated 

with either 500 μg/mL of the hexane extracts of T. ferdinandiana or the ethyl acetate 

of the berries of T. lanceolata in 1% DMSO in TYI-S-33 growth medium. Negative 

control trophozoites were treated with 1% DMSO only in the medium. Parasites were 

then incubated for a minimum of three hours in a humidified CO2 incubator at 37 °C, 

and then fixed in 4% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) at 4°C 

overnight. The slides were viewed under phase contrast optical microscope (Olympus, 

DP-72). 
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5.4.4.5 Controls 

Positive controls consisted of a range of concentrations of metronidazole (with stock 

concentration of 100 µg/mL in an assay) and treated similarly to the test. Negative 

control assays employed was TYI-S-33 growth medium with deionised water and 1% 

DMSO. After treatment, parasite population viability counts were performed on wet 

mounts using a haemocytometer. All assays were performed in triplicate. Inhibitory 

Concentration (IC50) calculations were determined after the dose response growth 

viability assay, using non-linear regression analysis (Sebaugh 2011). 

 

5.4.5 Statistical analysis 

Results are the means of triplicate counts performed on two separate experiments. A 

student’s two-tailed, unpaired, t-test was used to determine significance with a P value 

of less than or equal to 0.05 being regarded as significant. For IC50 calculation, 4 

parameter logistic dose response curves were analysed via non-linear regression using 

GraphPad Prism version 6.0. 
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5.5 Results 

Table 5.1: The mass of dried material extracted with the various solvents and the 

concentration after resuspension in deionised water with 1% DMSO. 

 T. lanceolata T. ferdinandiana 

Solvent Mass of dried 

extract (mg) 

Resuspended 

extract 

concentration 

(mg/mL) 

Mass of dried 

extract (mg) 

Resuspended 

extract 

concentration 

(mg/mL) 

Deionised Water 477.4 47.74 498 49.8 

Methanol 294.7 29.47 371 37.1 

Ethyl Acetate 94.0 9.40 28 2.8 

Chloroform 185.8 18.58 60 6 

Hexane 69.3 6.93 23 2.3 

Table 5.1 shows the amount of material extracted from both the fruits with the help of respective solvent and 

hence the stock concentration for the giardial assay. 
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Figure 5.2: Giardia duodenalis viability assay of the fruits of Tasmannia lanceolata and Terminalia ferdinandiana. 

(a) single dose test of all extracts (T. lanceolata), (b) single dose test of all extracts (T. ferdinandiana) (c) hexane , chloroform, and ethyl acetate extract for the T. lanceolata with positive control 

(Metronidazole), (d) methanol, chloroform, ethyl acetate and hexane for T. ferdinandiana extracts with ellagic dose response for 3 and 24 hours, (e) table with concentration for each extract used for 

the spot testing for figure 5.2(a)(b)  of extract in the assay for single dose testing for figure 5.2a. Results are mean ± standard deviation, error bars are standard error for all the replicates for each 

dose.
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Table 5.2: IC50 in µg/mL. 

IC50 (μg/mL)    

Metronidazole (+ve control) 10.76 (3 hours) 

Negative control ND 

Ellagic acid 44.98 (3 hours) 94.10 (24 hours) 

Fruit Extract  IC50 (μg/mL) T. lanceolata T. ferdinandiana 

Deionised Water N/A N/A 

Methanol N/A 186.1 

Chloroform 422 375 

Ethyl Acetate 131 128.30 

Hexane 84 26.90 
Fruit extracts for T. lanceolata and T. ferdinandiana as well as a positive control (metronidazole) and negative control; 

N/A = not applicable; ND - no death. 

 

Table 5.3: Extract bioactivity calculated using the weight of fruit extracted. 

 Fruit Extract   T. lanceolata T. ferdinandiana 

Deionised Water N/A N/A 

Methanol N/A 501.6 

Chloroform 2271.3 6250 

Ethyl Acetate 1393.6 4582.1 

Hexane 1212.1 1169.6 

N/A = not applicable 

 

From the preliminary results (Figure 5.2e) it was evident that the water extract of both 

fruits (752 µg/mL) and the methanol extract of the berries of T. lanceolata did not inhibit 

the growth of G. duodenalis at a dose of 543 µg/mL. These extracts in fact stimulated the 

growth of G. duodenalis, since they exhibited more than 100% viability, indicating 

replication of the parasite. Therefore, these extracts were not tested any further. The 

stimulatory effect for the water extracts of both the fruits, in addition to the methanol T. 

lanceolata extract could be associated with containing a suite of compounds such as sugar 

and amino acids which aids in the protozoan growth. Remaining fruit extracts were 

moderate to strongly active after a three hour incubation with IC50 value ranging from 26 
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to 430 µg/mL. Generally in the literature, an IC50 lower than 1000 µg/mL is considered 

active (Calzada, Meckes et al. 1998) and an IC50 < 100 µg/mL is considered strongly active 

for a pure compound. In the current study an IC50 below 250 μg/mL is considered active, 

those ranging between 250 and 500 μg/mL are considered weakly active and an IC50 above 

500 μg/mL is considered to be inactive (Amaral, Ribeiro et al. 2006). Therefore, from 

figures 5.2a – 5.2d and table 5.2 it was concluded that the chloroform extracts of both of 

the fruits were weakly active, while the ethyl actetate extracts of both fruits and the 

methanol for the T. ferdinandiana are active. The IC50 determined for the hexane extracts 

of both fruits, in addition to the ellagic acid were very active. The IC50 of 84 µg/mL for the 

hexane extracts from the berries of T. lanceolata and 26 µg/mL for the hexane extracts 

from T. ferdinandiana were similar to that of the positive control. These results suggest 

that both hexane and ethyl acetate extracts from both the fruits contain hydrophobic 

compounds that inhibit the giardial growth. Amaral, Ribeiro et al. (2006) have also 

reported that plant extracts possessing antigiardial activity were generally associated with 

non-polar compounds. The hexane extract (T. ferdinandiana) and ethyl acetate extract 

(berries of T. lanceolata) were fractionated to identify which fractions were responsible 

for the activity. It was found that the fractions from the hexane extract (T. ferdinandiana) 

had little or no inhibition when tested individually or reconstituted together in the 

bioassay. However, for the ethyl acetate extract (berries of T. lanceolata) bioactivity was 

observed in the fractions: 44 (38% inhibition), 45 (66% inhibition), 53 (38 % inhibition) and 

54 (100 % inhibition) at 3 hours, but at 24 hours fraction number 44-45 had 99 % 

inhibition and fraction number 53-54 had 100% inhibition. Through the aid of 

spectroscopic techniques such as LCMS and NMR spectroscopy, fractions 44-45 were 
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identified to be polygodial. Hence, for the first time polygodial has been tested for 

antigiardial activity and could be a potential candidate for the antiparasitic drug. 

 

5.5.1 Optical microscopy 

 

Figure 5.3(a) negative control (pear shaped); (b) positive control (round); (c) Giardia with Terminalia ferdinandiana 

hexane extract (pear shaped but shrunk); (d) Giardia with Tasmannia lanceolata ethyl acetate extract (round) from 

phase contrast optical microscope (Olympus, DP-72.) 

Figure 5.3: Images of Giardia with various extracts including control from optical 

microscope. 

 

Figure 5.3 depicts Giardia conformation with the aid of phase contrast optical microscope, 

when incubated over a three hour period with various test samples. In figure 5.3a, the 

Giardia was grown only with solvent (1% DMSO) and the cells exhibited a pear shape with 

their flagella clearly present. In figure 5.3b, the cells were incubated with the positive 

control (metronidazole) and the shape of the cells were quite round, suggesting that there 

is a distortion in the cell conformity. A similar result was also observed in figure 5.3d (ethyl 

acetate extract of the berries of T. lanceolata) suggesting distortion in the cell conformity. 

When G. duodenalis was incubated with the hexane extract of T. ferdinandiana, the 

trophozoites remained pear shape but shrunk in size (Figure 5.3c), suggesting that the 

mechanism for cell death could be osmotic shock or cell membrane breach. However, 

further investigation needs to be conducted in order to determine the mechanism of cell 

death.   

 b d
 
a 

c 
 a 

a 
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5.6 Discussion and conclusion 

This study has provided preliminary evidence, which has demonstrated that non-polar 

extracts derived from the fruits of two Australian plants, T. lanceolata and T. 

ferdinandiana, possess potent antigiardial activity. Visual analysis of the morphology of 

dead trophozoites suggests that the mode of toxicity for the hexane extract of the berries 

of T. lanceolata is likely to be similar to that of metronidazole. In contrast, the hexane 

extract of T. ferdinandiana caused significant shrinkage of the trophozoites but the 

morphology of the cells were similar in the negative control as can be seen in the result 

displayed in figure 5.3a. This suggests that this extract affects the trophozoites membrane 

permeability which could be due to osmotic shock resulting in leaky cells. 
1
H NMR analysis 

of the hexane extract of T. ferdinandiana indicates that it contains high concentrations of 

fatty acids and since dodeconoic acid (a saturated C12 fatty acid) has already been 

reported to be as active as metronidazole (Rayan, Stenzel et al. 2005) it’s very likely that 

the high concentration of fatty acids is accountable for the activity observed in the hexane 

extract. The 
1
H NMR analysis of an extract obtained by exclusive extraction of another 

portion of the ground fruits with ethyl acetate also contained high concentrations of fatty 

acids, and the mixture of other compounds. Although the berries of T. lanceolata hexane 

extract was more potent than the ethyl acetate extract in the antigiardial assay, the 

compounds responsible for this activity are likely to be the same in both extracts. Since 

when the activity is calculated based upon the amount of fruit material extracted, a 

similar potency is obtained. This suggests that the bioactive compounds are likely to be 

highly non-polar. Other non-polar compounds present in the ethyl acetate extract most 

likely accounted for the additional mass obtained for this extract, in comparison to the 
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hexane extract. However the antigiardial activity would most likely be attributed to the 

same compounds found in the hexane extract. The 
1
H NMR analysis of the hexane and 

ethyl acetate extracts from the berries of T. lanceolata exhibits that both contain high 

concentrations of polygodial and fatty acids. The identification that polygodial was the 

predominant compound present in some of the bioactive fractions obtained by HPLC 

purification suggests that it is one of the likely bioactive compounds present in the extract. 

When the T. ferdinandiana bioactivity results were calculated, based upon the amount of 

fruit extracted (Table 5.3), the methanol extract represented the most potently active 

extract from this fruit, with the hexane extract being approximately half the potency. This 

suggests that the T. ferdinandiana fruit contains two groups of bioactive molecules. 

T. ferdinandiana hexane and methanol extract were of interest however the bioactivity 

was lost in the crude hexane extract after it was fractionated. One of the reasons could be 

that the hexane extract is likely to contain highly lipophilic bioactive compounds and the 

methanol extract contains more hydrophilic antigiardial compounds. The ethyl acetate 

extract is likely to contain a combination of both classes of compounds. Therefore, further 

studies should be directed at isolating the bioactive compounds from these extracts using 

bioassay guided purification; specifically for the methanol extract of T. ferdinandiana. An 

alternative extraction protocol should also be investigated involving a sequential 

extraction of the fruits starting with hexane, followed by chloroform, ethyl acetate, 

methanol and finally water. If this protocol is followed, a clearer idea of what class of 

compounds may be responsible for the bioactivity observed could be obtained. The 

activity of the T. ferdinandiana hexane extract was similar to that reported by 
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Sawangjaroen, Subhadhirasakul et al. (2005), Amaral, Ribeiro et al. (2006). In an attempt 

of identify the bioactive molecules, the hexane extract was separated by C18 HPLC and the 

resultant fractions were tested in the antigiardial assay. No activity was observed in any 

fractions. This result points to saturated fatty acids being responsible for the bioactivity, 

since this class of compound bind strongly to C18 and thus there is a very high likelihood 

that the saturated fatty acids were retained on the column. Extracts of Terminalia species 

are known to be rich in small tannins and the fact that ellagic acid shows IC50 activity in 

the antigiardial assay suggests that the activity observed in the methanol extract could be 

related to small tannins.  

The water extract of T. ferdinandiana had a stimulatory effect on the growth of G. 

duodenalis and this could be due to high vitamin C content present in this extract (Netzel, 

Netzel et al. 2007), since vitamin C is known as growth factor for Giardia, in liquid media. 

Ellagic acid was tested for parasite viability at 3 hours and 24 hours, to observe if parasite 

death from application of the T. ferdinandiana extract is due to ellagic acid, since, in 

literature vitamin C and ellagic acid are some of the most abundant compounds found 

within the fruits (Williams, Edwards et al. 2014). For consistency with the literature, ellagic 

acid was incubated with G. duodenalis for 3 hours and 24 hours, since the IC50 in the 

literature has been reported for 48 hours incubations (not 3 hours which is the assay 

incubation period used in the current study) (see Table 5.2). The published IC50 (48 hours) 

for ellagic acid, gallic acid and metronidazole against G. lamblia were 25 µg/mL, 70.3 

µg/mL and 0.21 µg/mL respectively (Alanís, Calzada et al. 2003). The IC50 results obtained 

in the current study for ellagic acid and metronidazole were different to those published 
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previously but this difference could be because the assay method was different, the 

incubation times of 3 and 24 hours were shorter than 48 hours and the Giardia strain G. 

duodenalis (sheep strain -2) was different to Giardia lamblia IMSS:0989:1 previously 

tested. When the berries of T. lanceolata crude hexane extract was fractionated by C18, 

chromatography activity was observed in fractions containing fatty acids and the drimane 

terpene polygodial (Fractions 44-46, 54). In the literature, flavonoids, terpenoids, 

proanthocyanidins and alkaloids are known to inhibit the growth of G. duodenalis 

(Calzada, Cerda-Garcia-Rojas et al. 1999, Calzada, Meckes et al. 1999, Khan, Avery et al. 

2000, Calzada, Cedillo-Rivera et al. 2001, Alanis, Calzada et al. 2003, Calzada, Velazquez et 

al. 2003, Calzada 2005, Calzada, Cervantes-Martinez et al. 2005, Barbosa, Calzada et al. 

2006, Calzada and Alanis 2007, Moo-Puc, Mena-Rejon et al. 2007). Research conducted on 

the related plant Drimys brasiliensis (Winteraceae) from Brazil indicated that it possessed 

antigiardial activity and this supports the bioactivity observed in the current study for the 

berries of T. lanceolata crude extracts as the plants are taxonomically related and contain 

similar sesquiterpenes (Corrêa, Tempone et al. 2011). Terminalia macroptera and 

Terminalia avicennioides are used by traditional healers in Burkina Faso (West Africa) to 

treat malaria (protozoan parasite - Plasmodium falciparum) (Nadembega, Boussim et al. 

2011), whereas Terminalia catappa and Terminalia brownii are used to treat diarrhoea 

(Fyhrquist, Mwasumbi et al. 2002). But no studies to date have examined the antigiardial 

effects of extracts from the genus Terminalia. However other Terminalia species have 

been used to treat other protozoan parasitic infections such as trypanosomiasis (sleeping 

sickness). T. avicennoides (Alayande, Alayande et al. 2011) has been used to treat 

Trypanosomiasis brucei and Terminalia bellerica has been used to treat Trypanosma 
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evansi (Shaba, Pandey et al. 2009). The current inhibitory results obtained for the T. 

ferdinandiana crude extract against G. duodenalis could also indicate potential bioactivity 

against other related parasites such as Entamoeba histolytica and Trichomonas vaginalis 

since all of them share biological and biochemical characteristics (including their 

carbohydrate metabolism) and all are amitochondriate (Ali and Nozaki 2007). Therefore, 

the isolation of the chemicals responsible for the antigiardial activity and understanding 

the mechanism of action could provide insight on how the bioactive molecules could be 

used to treat infections from E. histolytica and T. vaginalis. Hence, the identification of the 

bioactive compounds present in the T. ferdinandiana methanol extract could provide 

potential drugs to treat all the parasites that possess similar metabolism and biochemical 

characteristics. 

 

5.7 Recommendation 

While the berries of T. lanceolata and T. ferdinandiana extracts examined in this report 

are promising as antigiardial agents, more in depth research is needed before the 

bioactive extracts can be applied to medicinal purposes. In particular, further toxicity 

studies using human cell lines are needed to verify the suitability of these extracts. 

Additionally different isolation methods can be used for the hexane T. ferdinandiana 

extract for bioactive compound isolation. The results of this study have demonstrated that 

both the plants showed antiparasitic activity and many other species that are 

taxonomically related could be researched as well. It is anticipated that these species will 

also contain related natural products which could also possess antiparasitic activity. 
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6 Conclusions 

Australian bush foods possess functional properties which have gained recognition both 

within Australia and overseas. The fruits of Terminalia ferdinandiana hold the record as 

containing the highest known concentration of vitamin C of any fruit, while the berries of 

Tasmannia lanceolata possess the most potent antimicrobial properties of the nineteen 

Australian bush foods tested. Although both species have gained prominence as 

functional food sources, scientific knowledge about the bioactive components present in 

these foods is scant. This lack of knowledge for these and other Australian bush foods is 

an impediment to the expansion of the functional bush food industry. This project has 

successfully identified the antimicrobial bioactive compounds responsible for the 

antimicrobial activity identified in extracts derived from the fruits of T. ferdinandiana and 

the berries of T. lanceolata. These results have enhanced our understanding of the 

functional properties of these two bush foods. The research has generated a wealth of 

original data that could be relevant to bush food and food preservation industries in 

addition to the scientific and general communities.    

The literature reviews in chapter 2 identified what is known about the chemistry and 

bioactivity of T. ferdinandiana (Section 2.1) and the berries of T. lanceolata (Section 2.2), 

but more importantly highlighted the gaps in the current knowledge and identified areas 

of scientific investigation, which could provide significant impacts for the development of 

T. ferdinandiana, the berries of T. lanceolata as functional foods and their 

chemotherapeutic potential. As a result of these reviews, research to identify the 

antimicrobial properties of the fruits was developed. Since the Winteraceae family 
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contains a relatively small number of species out of which the Australian species have 

been poorly studied, a review of the ethnopharmacology, chemistry and pharmacology of 

the entire family was warranted. The review of the Winteraceae provided valuable data to 

inform future areas of scientific research. The review highlighted the varied biological 

activities associated within the family, but it also highlighted the similarity of chemical 

constituents present in many species. This suggested that an investigation of the 

antimicrobial properties of the berries of T. lanceolata would most likely yield significant 

results.   

Based upon the antimicrobial assays (deduced from the analysis of the two literature 

reviews), the results reported in section 3.2 “Terminalia ferdinandiana: Bioassay guided 

purification of antimicrobial compounds” and section 4.2 “Tasmannia lanceolata and its 

antimicrobial bioactives”, confirmed that significant antimicrobial activity were present in 

a number of solvent extracts derived from the fruits of both species. In T. ferdinandiana 

fruit, the most potent antimicrobial extract was methanol, but for the berries of T. 

lanceolata the most active antimicrobial extract was ethyl acetate. The T. ferdinandiana 

methanol extract was active against all (4/4) gram-positive and nine (9/10) gram-negative 

bacteria out of a total of 14 bacteria tested using a Kirby disc diffusion assay. No 

antifungal activity was observed for T. ferdinandiana extracts. In contrast, extracts from 

the berries of T. lanceolata were active against both bacteria and yeast, although higher 

concentrations were needed to achieve MICs. The ethyl acetate extract of the berries of T. 

lanceolata was active against five out of ten gram-negative, one out of three gram-

positive bacteria and it was also active against both yeasts and not active against the 
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fungi. The determination of potent antimicrobial bioactivity for extracts derived from both 

species indicated that bioassay guided purification should lead to the identification of the 

compounds responsible for the observed bioactivity. As a follow up from the preliminary 

bioactivity testing (Section 4.1), section 4.2 reported the isolation and identification of the 

bioactive components responsible for the extract bioactivity.   

Bioassay guided fractionation led to isolation of seven bioactive compounds from T. 

ferdinandiana and 16 compounds from the berries of T. lanceolata of which two were new 

compounds (tasmannial and isopolypiperic acid). The biologically active components 

isolated from both of the species were found to have antimicrobial activity in the range 

from 10 µM to 15 µM. None of the compounds isolated from T. ferdinandiana showed 

MBC at the doses tested, while drimendiol, polypiperic acid and polygodial isolated from 

the berries of T. lanceolata showed MBC against B. cereus and S. pyogenes. It is interesting 

to note that each of the plants contain completely different classes of antimicrobial 

bioactive compounds. Small tannins based upon galloyl glucose were the active 

compounds present in T. ferdinandiana and drimane sesquiterpenes were the 

antimicrobial active compounds present in T. lanceolata. In both cases, bioactivity against 

B. cereus predominated and this is significant since B. cereus is a common food pathogen. 

The results obtained indicate that either extracts or purified compounds isolated from the 

fruit extracts could be used as food preservatives. The pungent compound, polygodial, 

which is a major component in T. lanceolata fruit extracts, is not the most potent nor 

broadest spectrum active compound present in the fruits and so food preservatives 

lacking the pungency of polygodial could be developed from extracts of the berries of T. 
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lanceolata, by selectively removing polygodial. The most potent antimicrobial inhibitors 

present in T. ferdinandiana fruits were elaeocarpusin and helioscopin B. Both of these 

compounds are ascorbic acid adducts of geraniin like tannins. The seven antimicrobial 

compounds identified in the T. ferdinandiana extract have been shown previously to 

posess other biological activities, in addition to the currently identified antimicrobial 

activity and therefore extracts (and pure compounds) derived from T. ferdinandiana fruits 

could definitely be developed into functional foods that would aid in food preservation 

and at the same time provide health benefits such as antioxidative properties, antidiabetic 

affects, anticancer effects, inhibition of enzymes associated with the onset of Alzheimer’s 

disease, benefits for cardiovascular diseases and anti- inflammatory effects. 

Similar to chapters 3 and 4, the results reported in chapter 5 demonstrated that extracts 

derived from the fruits of T. ferdinandiana and T. lanceolata inhibited the growth of the 

protozoan parasite Giardia duodenalis. However, unlike the antimicrobial results hexane 

crude extracts from both species showed the most potent activity. In the case of T. 

ferdinandiana, the methanol extract was also active. This suggested that two different 

antigiardial active compound classes could be present in the fruits of T. ferdinandiana. 

When the hexane extract of T. ferdinandiana fruit was fractionated by reverse phase 

HPLC, the activity was lost and could not be seen even after reconstitution. This suggested 

that the hexane extract probably contained highly lipophilic compounds such as saturated 

fatty acids that remained irreversibly bound to the C18. In contrast, fractionation of the 

bioactive hexane extract from the berries of T. lanceolata yielded a late eluting bioactive 
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fraction off C18 that predominantly contained polygodial. Polygodial has previously been 

reported to possess potent antigiardial activity. 

 

6.1 Future directions 

In conclusion this thesis has identified a series of antimicrobial bioactive chemicals from 

two Australian native plants both of which are commercially popular and have traditional 

uses. The PhD project focused on advancing our understanding of how chemical profiling 

and bioactivity testing can be used to identify antimicrobial phytochemicals which could 

be developed as food preservatives through the isolation and structure elucidation of 

novel antimicrobial compounds. The methodology employed in this study could be more 

widely applied by other researchers working on the therapeutic potential of other bush 

foods. In the past and to date, the major analysis undertaken on bush foods has 

concentrated on essential oils and this ignores the wealth of non-volatile compounds 

present in many plants which possess a variety of important biological activities. The 

research carried out in this thesis has further demonstrated that selected Australian 

native plants are an exciting source of interesting bioactive compounds and could be a 

rich source for natural antimicrobial chemicals for the food industry. The application of 

bioactive extracts or compounds as food preservatives from other bush foods requires 

detailed knowledge about their properties which should include the MIC, the number of 

target organisms tested, the mode or mechanism of action and the effect of food matrix 

components on their antimicrobial properties. Future bush food projects should not only 

focus on finding appropriate extraction protocols to identify bioactive extracts, but should 
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also identify the specific bioactive molecules responsible for the activity observed in 

extracts. This will significantly advance the knowledge of the pharmacology and chemistry 

of bush foods. Future studies should focus on testing each of the pure compounds that 

possess antimicrobial activity in the food model to check if their efficacy remains the 

same. Synergistic blends of the isolated compounds with specific foods for example, could 

be evaluated under the relevant environmental conditions, which reflect the food 

matrixes to which the compounds/extracts are applied commercially. Such an analysis 

would confirm if the activity of the food additive could be enhanced, decreased or have no 

effect in combination with the food ingredients. Encapsulation and controlled/sustained 

release of the bioactive compounds could potentially reduce distasteful impacts and 

simultaneously increase the antimicrobial potency if the encapsulation material facilitates 

close interaction with the microorganisms. New strategies for nanoencapsulation may 

thus provide an interesting platform for this research avenue in the future.  
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