
ABSTRACT 

OBJECTIVE: Recently, our group reported that extracts prepared from the Australian native 

plant Terminalia ferdinandiana Exell. are potent inhibitors of the growth malodourous bacteria 

with similar efficacy to Triclosan and through these results, we highlighted a potential 

biological alternative to the current chemical additives. Other members of the genus Terminalia 

are also well-documented for their antibacterial potential and tannin contents, and thus were 

investigated as potential deodorant additives.  

METHODS: Solvent extractions prepared from of selected Indian, Australian and South 

African Terminalia spp. were screened by disc diffusion and liquid dilution assays against C. 

jeikeium, S. epidermidis, P. acnes and B. linens. The antibacterial activity was quantified by 

liquid dilution MIC assays. The extracts were screened for toxicity using Atremia franciscana 

nauplii and HDF cell viability bioassays. High-resolution time-of-flight (TOF) LC-MS and 

GC-MS headspace fingerprint analysis was used to detect tannin, flavonoid and terpenoid 

components in the extracts.  

RESULTS: Bacterial growth inhibition was observed in all Terminalia extracts with the 

methanolic T. chebula, T. carpenteriae and T. sericea extracts the most promising bacterial 

growth inhibitors, yielding MIC values as low as 200µg/mL. Toxicity analyses of the extracts 

were favourable, and we determined that the methanolic T. chebula, T. carpenteriae and T. 

sericea extracts were all nontoxic. Using previously detected T. ferdinandiana antimicrobials 

as benchmarks, LC-MS and GC-MS fingerprint analyses revealed similar compounds in the 

methanolic T. chebula, T. carpenteriae and T. sericea extracts.  

CONCLUSION: Through these results, we propose that Terminalia spp. extracts may be 

useful deodorant additives to inhibit the growth of axillary and plantar malodourous bacteria, 

offering a biological alternative to their chemically synthesised counterparts.  
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Introduction 

Whether from a hygiene perspective or to conform to social etiquette, the elimination of 

pungent body odours is important to most cultures. Whilst this can temporarily be achieved 

through bathing, perspiration caused through physical activity contains secreted fats and other 

compounds which provide nutrients for bacteria present as part of the skin’s natural microbial 

flora. These bacteria then multiply, and through their metabolic processes, non-odorous 

perspiration components are converted into volatile, malodorous compounds (Shelly et al., 

1953). To combat this, humans across cultures and since antiquity, have sought methods to 

mask such odours. Primitive approaches involved the direct application of fragrant oils, spices, 

or flowers to the auxiliary regions of the body to provide a stronger aroma to mask the smell 

of the malodorous compounds (Brun, 2000). Given the major role bacteria play in malodour 

formation, modern products more commonly focus on preventing perspiration and/or inhibiting 

bacterial growth using antiperspirants and deodorants.  

Deodorants and antiperspirants form one of the major sectors of the cosmetics industry, 

with an estimated 90% of all consumers within the United States regular users of one or both 

of these. Indeed, sales of deodorants/antiperspirants alone generate over $1 billion USD 

annually and the production of effective formulations are paramount to the cosmetics industry 

(Laden, 1999). Deodorants and antiperspirants are both directly applied to the skin (either by 

direct contact, or via spraying) and both ultimately reduce body odour, although by different 

mechanisms. Antiperspirants function to decrease/block perspiration. As perspiration contains 

fats and nutrients necessary for the growth of malodour forming bacteria, the growth of these 

bacteria is inhibited by decreasing perspiration. Furthermore, malodour-forming bacteria 

metabolise short branched-chain fatty acids, steroidal compounds and sulfanylalkanols to the 

volatile malodourous compounds responsible for body odour. Thus, antiperspirants block the 

production of body malodour by limiting bacterial availability to perspiration nutrients. 

Deodorants differ in that they directly block the growth of the bacterial species responsible for 

body malodour, either via bacteriostatic or bactericidal mechanisms.  

The axillary region is colonised by several bacteria that contribute to malodour 

formation, the most significant of which belonging to the genera Corynebacterium, 

Staphylococcus and Propionibacterium. Corynebacterium spp. are primarily responsible for 

axillary odour (Grice et al., 2009). Staphylococcus spp. and Propionibacterium spp. also 

contribute to malodour production, albeit at lower levels (James et al., 2004). Similarly, plantar 



odour formation is also microbially driven, although the primary bacteria responsible for odour 

formation in this region are members of the genera Propionibacterium and Brevibacterium 

(Kanlayavattanakul and Lourith, 2011). Corynebacterium spp. and Staphylococcus spp. 

contribute to foot odour to a lower degree. 

The success of antiperspirants and deodorants is primarily achieved through the 

inclusion of chemical agents to inhibit perspiration and/or bacterial growth, and thus malodour 

production. Although many chemical additives are used, the most common compounds used 

commercially in antiperspirants and deodorants include propylene glycol, Triclosan, 

benzalkonium chloride and metal salts (particularly Al salts) (Kanlayavattanakul and Lourith, 

2011). However, relatively little is known about any risks or side effects these chemicals may 

have on humans and it has recently been reported that some deodorant additives are toxic and 

cause multiple health problems. Research into the risks associated with chemical exposure has 

provided conclusive evidence that directly links aluminium salts to degenerative neurological 

conditions (e.g. encephalopathy, Alzheimer’s disease), respiratory issues, and anaphylaxis 

(Exley, 1998). Furthermore, there is evidence suggesting that aluminium salts may increase the 

risk of developing cancer, although this is yet to be conclusively proven (Darbre, 2011). 

Similarly, adverse health issues (allergies, dermal irritation) have been reported when 

individuals were exposed to high concentrations of triclosan (Bhargava and Leonard, 1996). 

Given our increased understanding of the risks of chemical antimicrobials on human health, 

finding safer alternatives has been a focus of recent cosmetic and nutraceutical studies. One 

such approach is through the probing of natural resources for new, safe antimicrobial agents.  

In a recent study, we tested the endemic Australian plant Terminalia ferdinandiana 

Exell. for the ability to inhibit the growth of bacteria associated with axillary and plantar 

malodours (McManus et al., 2017). That study highlighted a methanolic T. ferdinandiana leaf 

extract as a particularly good inhibitor of these bacteria. Indeed, the crude extract inhibited 

bacterial growth with similar efficacy to pure Triclosan. That study also reported that the 

bacterial growth inhibition of the extracts may be due to their high tannin contents. We 

therefore postulated T. ferdinandiana leaf extracts may be useful for the development of novel 

personal hygiene formulations, especially those aimed at mitigating body malodour formation. 

Interestingly, other species of the genus Terminalia share many similar physiochemical 

attributes with T. ferdinandiana. Indeed, the genus is characterised by the high antioxidant 

capacities and the high tannin contents (Cock, 2015). Many Terminalia spp. also have 

extensive uses in traditional medicine systems for a myriad of purposes. Interestingly, many of 



these traditional uses relate to diseases caused by bacterial pathogens and several recent studies 

have confirmed the bacterial growth inhibitory activity of Australian (Lee et al., 2016; Wright 

et al., 2016a; Sirdaarta et al., 2015a, b), Indian (Mandeville and Cock, 2018; Wright et al., 

2015) and South African Terminalia spp. (Cock and van Vuuren 2015; Cock and van Vuuren 

2014). It is likely that other Terminalia spp. extracts may also inhibit the growth of malodour 

forming bacteria, although this remains to be tested. This study screened several Indian, 

Australian and South African Terminalia spp. that have been used as traditional medicines 

against the major bacterial contributors to axillary and plantar malodour formation 

(Corynebacterium jeikeium Staphylococcus epidermidis, Propionibacterium acnes and 

Brevibacterium linens), with the aim of identifying safe and effective components for the 

production of novel deodorant formulations. 

 

Materials and methods 

Plant sources and extraction 

The T. arjuna, T. catappa and T. chebula leaf, fruit and bark materials used in this study were 

a gift from Dr Paran Rayan, Griffith University, and were obtained from verified trees in 

southern India. All T. carpentariae and T. grandiflora plant material was provided and 

identified by David Boehme of Northern Territory Wild Harvest, Australia and were sourced 

from wild trees on Groote Esylandt, Australia. T. pruinoides and T. sericea leaves were 

collected from the Walter Sisulu Botanical Gardens in Johannesburg, South Africa by Professor 

Sandy van Vuuren, Witwatersrand University and were identified by Andrew Hankey, chief 

botanist at the Walter Sisulu Botanical Gardens. Voucher specimens of all plant materials were 

prepared and are stored at the School of Environment and Science, Griffith University, 

Australia. All plant materials were air-dried in the shade and the desiccated material ground 

into a fine powder. From this, 1g masses were thoroughly mixed into 50 mL of either deionised 

water, methanol, ethyl acetate, chloroform or hexane or for 24 h at 4oC through gentle shaking. 

All solvents used in this study were AR grade (Ajax, Australia). The extract/solvent composites 

were filtered through Whatman No. 54 filter paper and the filtrate air dried at ambient 

temperature. The aqueous extract was lyophilised by freeze drying at -50oC. Subsequent pellets 

were dissolved in 10mL deionised water (containing 0.5% DMSO), passed through a 0.22μm 

filter (Sarstedt) and stored at 4 °C until use in analyses. 



 

Qualitative phytochemical studies 

Phytochemical analyses of all plant species to detect the presence of saponins, tannins, 

flavonoids, cardiac glycosides, alkaloids, phenolic compounds, phytosterols, and triterpenoids 

was achieved as previously described (Vesoul and Cock, 2012). 

 

Antibacterial activity 

Test bacterial strains 

Growth media was prepared using components supplied by Oxoid Ltd., Australia. Reference 

strains of Brevibacterium linens (ATCC 9172), Corynebacterium jeikeium (ATCC 43734) and 

Propionibacterium acnes (ATCC 6919) were obtained from the American Type Culture 

Collection, USA. The clinical isolate strain of Staphylococcus epidermidis used in this study 

was supplied by Ms. Jane Gifkins of Griffith University. Cultivation of B. linens and S. 

epidermidis was achieved by inoculating each into separate flasks of nutrient broth 

(aerobically, 37oC, 24 h).  C. jeikeium was grown and maintained in nutrient broth 

supplemented with 300 µL Tween 80/L of broth at 37oC for 24 h. P. acnes was cultured using 

a thioglycolate-based liquid media anaerobically using anaerobic jars and AnaeroGen™ 3.5L 

atmospheric generation systems (Thermo Scientific). Incubation was achieved at 37oC for 72 

h. All stock cultures were sub-cultured and maintained in liquid media at 4oC. Culture purity 

was intermittently monitored using 16S rRNA sequencing using previously described methods 

(Wright et al., 2018).  

 

Evaluation of antibacterial activity 

Antibacterial activity screening of all plant extracts was assessed using a modified disc 

diffusion assay (Sirdaarta et al., 2015a; Wright et al, 2016a). Briefly, 100 µL of each culture 

was grown individually in 20 mL of the appropriate growth medium until an approximate count 

of 108 cells/mL was detected. Bacterial suspensions (100 µL) were spread evenly onto agar 

plates and all the extracts were tested for antibacterial activity using 5 mm sterilised filter paper 

discs. B. linens, S. epidermidis and P. acnes cultures were spread onto agar plates with their 



respective growth media. C. jeikeium cultures were spread onto nutrient agar plates 

supplemented with 300 µL Tween 80 (per L of agar). Discs were infused with 10 µL of each 

extract, allowed to dry before being placed onto the inoculated plates. The plates were allowed 

to stand at 4°C for 2 h before incubation. Plates inoculated with B. linens, S. epidermidis or C. 

jeikeium cultures were incubated aerobically at 37°C for 24 h.  Plates spread with P. acnes 

cultures were incubated under induced anaerobic conditions at 37°C for 72h. Diameters of the 

inhibition zones were measured to the closest whole millimetre and assaying was performed in 

three times, each with internal triplicates (N=9) unless specified otherwise. Mean values (± 

SEM) are reported in this report. Positive controls were employed to compare relative 

inhibitory activity and were ampicillin (10µg) and vancomycin (5µg) (Oxoid Ltd). Filter discs 

infused with 10µL of distilled water were used as a negative control. 

Minimum inhibitory concentrations (MIC) of each extract were also assessed by disc 

diffusion assay as previously described (Wright et al., 2016c). Briefly, the extracts were diluted 

in deionised water and tested across a range of concentrations. Discs were infused with 10µL 

of each dilution, left to dry before being placed onto inoculated plates. Zones of inhibition 

(ZOIs) versus concentration were plotted and subsequent MIC values were determined using 

linear regression. 

 

Minimum inhibitory concentration (MIC) determination 

This study utilised the most commonly used quantitative techniques employed when 

determining bacterial growth inhibition efficacy: the liquid dilution MIC assay (Eloff, 1998; 

widely accepted as the most sensitive bacterial growth inhibitory assay). To best emulate the 

target environments (axillary and foot skin systems), solid phase agar disc diffusion MIC 

assaying was included in this study.  

 

Microplate liquid dilution MIC assay 

The MICs of all extracts were quantified using established methods (Winnett et al., 2014; 

McManus et al., 2017). Briefly, log phase bacterial cultures were added dropwise to fresh liquid 

broth and the turbidity was adjusted to produce a McFarlands number 1 standard culture. This 

was subsequently diluted 1:100 with fresh broth, resulting in the MIC assay inoculum culture. 



A 100 µL volume of sterile broth was added to all wells of a 96 well plate. Test extracts or 

control antibiotics (100 µL) were then added to each plate and 1:2 serial dilutions were prepared 

in each column of wells by transferring 100 µL from the top well to the next well in each 

column, etc. A growth control (without extract) and a sterile control (without inoculum) were 

included on each plate. A volume of 100 µL of bacterial culture inoculum was added to all 

wells except the sterile control wells. Plates inoculated with B. linens, S. epidermidis or C. 

jeikeium cultures were incubated aerobically at 37°C for 24 h.  Plates inoculated with P. acnes 

cultures were incubated anaerobically at 37°C for 72h. p-Iodonitrotetrazolium violet (INT) 

(Sigma, Australia) was dissolved in sterile deionised water to prepare a 0.2 mg/mL INT 

solution and 40 µL aliquots were added into all wells, after which the plates were incubated at 

30 oC for an additional 6 h. Following incubation, MICs were visually determined as the lowest 

dose at which colour development inhibition occurred. 

 

Toxicity screening 

Toxicity of each sample was assessed using two assay systems. The Artemia nauplii lethality 

assay (ALA) was utilised for rapid toxicity screening, whereas the MTT cellular proliferation 

assay was used for a cellular evaluation of toxicity. 

 

Artemia franciscana Kellogg nauplii toxicity screening 

Toxicity of the Terminalia spp. extracts was assessed using a modified Artemia franciscana 

nauplii lethality assay (Cock and Ruebhart, 2009). Potassium dichromate (AR grade, Chem-

Supply, Australia) was prepared at 1mg/mL and included as a reference toxin. The LC50 with 

95% confidence limits for each treatment was calculated using Probit analysis.  

 

Cellular viability assay 

The Terminalia spp. extracts were screened for cytotoxicity against normal human primary 

dermal fibroblasts (HDF) obtained from American Type Culture Collection (ATCC PCS-201-

012). All extracts were screened at 200 µg/mL following 24 h exposure using standard 

protocols (Shalom and Cock, 2018). Absorbances were recorded at 540 nm and a blank 

wavelength of 690 nm using a Molecular Devices, Spectra Max M3 plate reader. All tests were 



performed three times in triplicate (n=9) and triplicate controls were included on each plate. 

The % cellular viability of each test was calculated using the following formula:  

% cellular viability =  
Abs test sample − (mean Abs control − mean Abs blank)

(mean Abs control − mean Abs blank)
 

Cellular viability ≤50% of the untreated control indicated toxicity, whereas extracts or controls 

with >50% untreated control viability were deemed to be nontoxic. 

 

HPLC-MS QTOF fingerprint analysis 

Separation of the extract components, putative identification and determination of the relative 

abundance was achieved using an Agilent 1290 HPLC system equipped with a Zorbax Eclipse 

C18 column (2.1 x 100mm, 1.8μm particle size) linked to an Agilent 6530 quadrupole time-

of-flight mass spectrometer. The chromatographic separation utilised parameters previously 

optimised for the identification of phytochemical components in related Terminalia spp. 

extracts (Sirdaarta et al., 2015a; Courtney et al., 2015). Mass spectra were obtained in the 

electron ionisation mode and analytes were recorded in total ion count (TIC) mode for a 

duration of 45 mins. 

 

GC-MS head space analysis 

Chromatographic separation and putative identification of the extract components was 

achieved using a Shimadzu GC-2010 plus (USA) chromatography system linked to a Shimadzu 

MS TQ8040 (USA) mass selective detector system using previously optimised parameters 

(Sirdaarta et al., 2015b). The mass spectrometer was operated in the electron ionisation mode 

at 70eV and the analytes were recorded in total ion count (TIC) mode. The TIC was acquired 

for a duration of 45 mins utilising, a mass range of 45-450m/z. 

 

Statistical analysis 

Variances within experimental datasets are presented as the mean ± SEM of three independent 

experiments, each with three internal replicates (n=9). Statistical significance was calculated 



using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc analysis. P values 

<0.01 were considered significant. 

 

Results 

Liquid extraction yields and qualitative phytochemical screening  

Extraction of the Terminalia spp. fruit, leaf, bark and seed with solvents of varying polarity 

yielded dried plant extracts ranging from 32 mg (T. arjuna leaf hexane extract) to 566 mg (T. 

chebula fruit methanol extract) from 1 g of dried, powdered plant material. These dried extracts 

were redissolved in 10 mL deionised water (containing 1% DMSO) for further testing. The 

aqueous and methanolic extracts generally had significantly greater yields of extracted material 

relative to the corresponding chloroform, ethyl acetate and hexane extracts, which generally 

had only low to moderate yields (Table I). Furthermore, the higher polarity methanol and water 

solvents extracted the greatest relative abundance and widest diversity of phytochemical 

classes for all Terminalia spp. and plant parts. These extracts generally contained high levels 

of phenolics, flavonoids and tannins, as well as variable levels of saponins. The ethyl acetate 

extracts contained similar classes of phytochemicals, albeit generally in lower relative 

abundances. In contrast, all other phytochemical classes were completely lacking in the lower 

polarity chloroform and hexane extracts.  

Growth inhibitory activity of the Indian Terminalia spp. extracts  

To evaluate the Indian Terminalia spp. leaf, bark and fruit extracts for the ability to inhibit the 

growth of body and foot malodour bacterial species, each extract was initially screened by disc 

diffusion assay. The majority of the Indian Terminalia spp. extracts inhibited C. jeikeium 

growth (Fig. 1a). However, only low to moderate inhibition was evident for the T. arjuna and 

T. catappa extracts (as determined by the size of the ZOI). In contrast, the methanolic and 

aqueous T. chebula extracts (both leaf and fruit) were potent inhibitors of C. jeikeium growth. 

Indeed, the methanolic T. chebula leaf extract (45 mg/mL; ZOI 12.7±0.6mm) was a better 

inhibitor of C. jeikeium growth than the vancomycin control (ZOI 12.3±0.6mm). Notably, the 

vancomycin control disc contained a relatively high dose (5µg) of a pure antibiotic. In contrast, 

the extracts are complex mixtures containing multiple individual compounds. Therefore, the 

inhibitory activity of the individual components may prove to be particularly noteworthy. As 



C. jeikeium is the major bacterial contributor to undesirable axillary malodours, the T. chebula 

extracts (especially the methanolic leaf extract) have potential as components of personal 

hygiene products for odour mitigation. 

Inhibition of C. jeikeium growth may enable the growth of other malodour-producing 

bacteria to increase as competition decreases. Therefore, deodorant products aimed at 

decreasing axillary odour formation should also inhibit the growth of the other malodour 

forming bacteria including Staphylococcus spp. and Propionibacterium spp. Similarly, as 

Propionibacterium spp. and Brevibacterium spp. produce the malodorous volatile compounds 

responsible for foot odour, the ability to inhibit the growth of these bacteria would be beneficial 

for odour mitigation. Interestingly, S. epidermidis growth was also highly susceptible to the T. 

chebula leaf methanolic (45 mg/mL) and aqueous extracts (37 mg/mL), with ZOIs of 

approximately 14.3 and 12mm respectively (Fig. 1b). Notably, these extracts were substantially 

stronger S. epidermidis growth inhibitors compared to the vancomycin control (ZOI 

8.2±0.4mm). Similar trends were noted for the inhibition of Propionibacterium acnes (Fig. 1c) 

and Brevibacterium linens growth (Fig. 1d) for the Indian Terminalia spp. extracts. The T. 

chebula extracts were again substantially stronger inhibitors of these bacteria than were the T. 

arjuna and T. catappa extracts. Similarly, the leaf extracts produced substantially larger ZOIs 

than the fruit extracts. The inhibition by the methanolic T. chebula extract (14.2 and 10.3mm 

against P. acnes and B. linens respectively) was particularly noteworthy and substantially better 

than that of the vancomycin control against both bacterial species. Whilst most of the other 

Indian Terminalia spp. extracts also inhibited S. epidermidis, P. acnes and B. linens growth, 

the ZOIs were substantially smaller, indicating substantially less potent growth inhibitory 

activity. 

 

Growth inhibitory activity of the Australian Terminalia spp. extracts 

The Australian Terminalia spp. were also good inhibitors of the bacterial causes of body odour, 

although some different trends were evident (Fig. 2). Differences in C. jeikeium growth 

inhibitory activity were not as evident as those noted for the Indian Terminalia spp. extracts. 

Indeed, all Australian Terminalia spp. extracts induced ZOIs of between approximately 10 and 

13mm against C. jeikeium (Fig. 2a). Whilst the methanolic extracts were the most potent 

inhibitors of C. jeikeium growth for all Australian Terminalia spp. and plant parts tested, the 

difference was not as pronounced as it was for the Indian Terminalia spp.  The methanolic T. 



carpentariae leaf extract was the best inhibitor of C. jeikeium growth (ZOI 12.8±0.8mm). This 

inhibition is particularly noteworthy and comparable to the inhibition recorded for the 

vancomycin control. A further difference between the Australian Terminalia spp. and the 

Indian Terminalia spp. was also noted. For the Indian Terminalia spp., the strongest inhibitory 

activity correlated with the leaf extracts compared to the corresponding fruit or bark extracts. 

This trend was not apparent for the Australian Terminalia spp. disc diffusion screening assays. 

Unfortunately, only leaf material was available for T. carpentariae, so no trend can be 

determined from these results. However, leaf, fruit and seed material was available for T. 

grandiflora.  For this species, the seed extracts were generally better C. jeikeium growth 

inhibitors than were the corresponding leaf and fruit extracts. It would be interesting to test 

other parts of T. carpentariae in future studies to determine whether higher activity is also seen 

in T. carpentariae seed extracts.  

The T. carpentariae leaf extracts were also the most potent inhibitors of S. epidermidis 

(12.8mm; Fig. 2b), P. acnes (12.8mm; Fig. 2c) and B. linens (13mm; Fig. 2d).  Indeed the 

measured zones of inhibition for the methanolic T. carpentariae extract was substantially larger 

than the ZOIs measured for the vancomycin control against S. epidermidis and B. linens, and 

comparable to the vancomycin ZOI measured against P. acnes. Whilst the T. grandiflora leaf 

fruit and seed extracts also inhibited S. epidermidis, P. acnes and B. linens growth, the ZOIs 

were substantially smaller than recorded for the T. carpentariae extract, indicating that the T. 

grandiflora extracts were substantially less potent inhibitors of the growth of these bacteria. 

  

Growth inhibitory activity of the South African Terminalia spp. extracts 

Both South African Terminalia spp. (T. pruinoides and T. sericea) were also good inhibitors 

of C. jeikeium (Fig. 3a), S. epidermidis (Fig. 3b), P. acnes (Fig. 3c) and B. linens (Fig. 3d) 

growth, although the T. sericea extracts were generally more potent than the equivalent T. 

pruinoides extracts. As noted for the Indian and Australian Terminalia spp. extracts, 

methanolic extracts were substantially more potent bacterial growth inhibitors than the other 

solvent extractions. Indeed, the methanolic T. sericea leaf produced ZOIs of 12.3, 13.5, 13.6 

and 13.6mm against C. jeikeium, S. epidermidis, P. acnes and B. linens respectively. Good, 

albeit substantially less potent growth inhibitory activity was also measured for the aqueous 

and ethyl acetate T. pruinoides and T. sericea extracts. The chloroform and hexane extracts 

were generally relatively weak bacterial growth inhibitors. Unfortunately, only leaf material 

was available for both T. pruinoides and T. sericea. Therefore, we were unable to determine 



whether activity is higher in extracts produced using leaves (and seeds), than extracts produced 

from bark and fruit. Further studies are required to screen other parts of these plant species for 

growth inhibitory activity. 

 

 

Quantification of minimum inhibitory concentration (MIC) 

The relative level of antimicrobial activity was further evaluated by determining MIC values 

against each bacteria species (Table II). Similar trends were evident as seen for the screening 

assays i.e. T. chebula, T. carpentariae and T. sericea extracts were substantially more potent 

inhibitors of the growth of all bacterial species than were extracts prepared from the other 

Terminalia spp. As C. jeikeium is the major contributor to axillary malodour, the ability to 

block its growth is particularly relevant. MIC values of 384, 450 and 549µg/mL were 

determined for the methanolic T. chebula, T. carpentariae and T. sericea leaf extracts 

respectively using the liquid dilution assay. These MIC values are noteworthy and are relevant 

to their potential usage in deodorant formulations. Triclosan has been the main antibacterial 

component in deodorants and other personal hygiene products and is generally used at 

concentrations of 0.1-1% (w/v) of the formulation. With MIC values in the range 380-550 

µg/mL, extract concentrations in the range 0.04-0.06% (w/v) would be adequate in deodorant 

formulations to completely block the growth of C. jeikeium, and thus greatly inhibit axillary 

malodour formation. This is a promising finding as it indicates that the concentration of crude 

extract required to completely inhibit the growth of C. jeikeium is lower than the concentration 

of pure Triclosan currently used in deodorant formulations. Furthermore, crude extracts contain 

multiple components, several of which would have antibacterial activity. Thus, using an extract 

(which is essentially a combinational therapy) would decrease the possibility of skin bacteria 

developing resistances to the extract components with frequent and continual exposure, as 

would occur with daily deodorant usage. Thus, not only would formulations containing these 

components be effective, they would also address the US FDA’s concerns about the inclusion 

of Triclosan in personal hygiene products. 

These extracts were also effective in inhibiting C. jeikeium growth when analysed using 

a solid based assaying. Deodorants are applied to the axillary or plantar skin and thus it is 

important to demonstrate that the extracts have similar activity in solid phase assays. For that 

reason, we also included disc diffusion MIC assays in this study. The MIC values obtained in 

that assay system may be of greater relevance to evaluation of deodorant efficacy than the more 



widely reported and accepted liquid dilution MIC assay. Interestingly, whilst the MIC values 

determined in the solid phase assay system are slightly higher than determined in the liquid 

dilution assay, the results for the methanolic T. chebula, T. carpentariae and T. sericea leaf 

extracts are still indicative of promising efficacy in this system (541, 652 and 773µg/mL 

respectively). Of further note, several other extracts also had MIC values <1000µg/mL and 

may therefore also be useful in deodorant preparations. In particular, methanolic extracts 

prepared from T. arjuna, T. catappa and T. pruinoides leaves, as well as aqueous T. chebula, 

T. carpentariae and T. sericea leaves also had promising inhibitory activity. Ethyl acetate 

extracts prepared using T. chebula or T. sericea leaves, or T. grandiflora seeds also had 

promising MICs (substantially <1000µg/mL). 

Similar trends were noted for the other axillary odour forming bacteria (S. epidermidis 

and P. acnes). The methanolic T. chebula, T. carpentariae and T. sericea leaf extracts were 

particularly potent S. epidermidis growth inhibitors (LD MIC values of 187, 295 and 383µg/mL 

respectively). Methanolic T. arjuna leaf, T. chebula fruit, T. grandiflora seed and T. pruinoides 

leaf extracts were also good inhibitors of S. epidermidis (with MICs substantially 

<1000µg/mL). Aqueous and ethyl acetate T. chebula leaf, T. carpentariae and T. sericea leaf 

extracts, as well as T. grandiflora seeds were similarly promising inhibitors of S. epidermidis 

growth. The methanolic T. chebula, T. carpentariae and T. sericea leaf extracts were also the 

most potent inhibitors of P. acnes growth (LD MIC values of 478, 500 and 514µg/mL 

respectively). Additionally, aqueous and ethyl acetate T. chebula leaf and T. chebula fruit ethyl 

acetate extracts, T. carpentariae and T. sericea leaf ethyl acetate extracts and T. grandiflora 

seed methanol, water and ethyl acetate extracts were also good P. acnes growth inhibitors. 

Thus, all of these extracts would be useful additions to preparations aimed at decreasing 

axillary body odour. 

The methanolic T. chebula, T. carpentariae and T. sericea leaf extracts were also potent 

growth inhibitors of the growth of bacteria responsible for plantar malodour (P. acnes and B. 

linens). P. acnes growth inhibition has already been addressed above for the discussion 

regarding the inhibition of axillary odour axillary malodour producing bacteria. However, these 

extracts were also particularly good inhibitors of B. linens growth, with LD MIC values of 363, 

398 and 505µg/mL calculated for each of these extracts respectively. Therefore, these extracts 

also have potential in preparations aimed at blocking the development of foot odour. 

Methanolic extracts prepared using T. arjuna, T. catappa and T. pruinoides leaves, as well as 

T. chebula fruit and T. grandiflora seeds also had MIC values <1000µg/mL and therefore also 



have potential for foot odour mitigation. Similarly, T. chebula leaf and fruit, T. carpentariae 

leaf, T. grandiflora seed and T. sericea leaf ethyl acetate extracts, as well as the aqueous T. 

chebula leaf extract, were also good inhibitors of B. linens growth and therefore also have 

potential for plantar odour mitigation preparations. In contrast, all other extracts were 

significantly less potent inhibitors of the foot malodour producing bacteria, with LD MIC 

values substantially >1000µg/mL.  

 

Quantification of toxicity 

All extracts were initially screened across a range of concentrations in the Artemia nauplii 

toxicity assay at 2000µg/mL. As no mortality was evident when the nauplii were exposed to 

the ethyl acetate, chloroform or hexane extracts, these extracts were deemed to be nontoxic. 

All other extracts were subsequently serially diluted and tested across a range of concentrations 

to allow for calculation of LC50 values (Table I). LC50 values substantially >1000μg/mL were 

determined for most of the other extracts. Given that extracts with LC50 values >1000μg/mL 

have previously been determined as being nontoxic for crude extracts in this assay (Cock and 

Ruebhart et al, 2009), these extracts were deemed to be nontoxic. Only the methanolic T. 

grandiflora leaf, fruit and seed, as well as the methanolic T. pruinoides and aqueous T. sericea 

leaf extracts had LC50 values <1000μg/mL. Whilst these extracts were deemed toxic, their 

relatively high LC50 values indicate only low to moderate toxicity. Furthermore, whilst Artemia 

nauplii are generally quite robust, they are sensitive to acidic pH (Kwast, 1996). Indeed, this is 

observed in previous studies that reported extracts rich in ascorbic acid may provide false 

results (Wright et al., 2016b; Kwast, 1996). Interestingly, high ascorbic acid content is a 

characteristic observed in all Terminalia spp. (Cock, 2015) and previous studies have reported 

that the toxicity of Indian (Mandeville and Cock, 2018; Wright et al., 2015), Australian 

(Shalom and Cock, 2018; Lee et al., 2016; Wright et al., 2016c; Sirdaarta et al., 2015a, b) and 

South African Terminalia spp. (Cock and van Vuuren 2015; Cock and van Vuuren 2014) 

correlates with their high ascorbic acid content. Thus, this assay may have overestimated the 

toxicity of these extracts. 

Cellular-based assays may provide a more relevant understanding of the toxicity of high 

antioxidant extracts as acidic compounds such as ascorbic acids do not substantially impact 

eukaryotic cell line viability. Interestingly, in contrast to the results obtained in the Artemia 

nauplii toxicity assay, all of the Terminalia spp. extracts were determined to be nontoxic to 



normal human dermal fibroblasts (HDFs), with cellular viability substantially >50% for all 

tests (compared to untreated control viability). Thus all of the Terminalia spp. extracts tested 

in this study were deemed to be nontoxic, or of only low toxicity. 

 

Phytochemical fingerprint analysis 

The methanolic T. chebula, T. carpentariae and T. sericea leaf extracts displayed substantially 

greater bacterial inhibitory activity than the other extracts and thus were selected for 

phytochemical fingerprint analysis. In our recent study that reported potent growth inhibitory 

activity against odour forming bacteria for the related species Terminalia ferdinandiana 

(McManus et al., 2017), we utilised LC-MS metabolomics analysis to highlight tannin and 

flavonoid components with antibacterial activity. Optimised HPLC-MS parameters developed 

for that project were utilised in the current study to screen the methanolic T. chebula, T. 

carpentariae and T. sericea leaf extracts for the presence of these compounds, and to quantify 

their relative abundances in these extracts (Table III). Interestingly, tannins were present in 

high relative abundances in all of these extracts. Indeed, the T. chebula leaf extract contained 

castalagin (2.2%), chebulagic acid (2.2%), chebulic acid (6.9%), chebulinic acid (4.4%), 

corilagin (6.7%), ellagic acid (1.3%), ellagic acid dehydrate (2.3%), exifone (5.6%), and gallic 

acid (6.7%) in relatively high abundances. The percentages cited in Table III refer to the percent 

peak area in the chromatogram as compared to the total area for all peaks. These relative 

abundances were comparable to those previously reported for T. ferdinandiana (McManus et 

al., 2017). Furthermore, the detected tannins were also present in similar relative abundances 

in the T. carpentariae and T. sericea leaf extracts, although those extracts contained low 

abundances (<0.5%) of punicalin. The methanolic T. chebula, T. carpentariae and T. sericea 

leaf extracts also contained high relative abundances of the flavonoid luteolin (approximately 

6.4, 7.3 and 7.4% respectively). These relatively abundances are also similar to the T. 

ferdinandiana luteolin levels as previously reported (McManus et al., 2017). 

Our previous T. ferdinandiana study concentrated on the middle and high polarity 

compounds by using LC-MS techniques. However, many low polarity compounds have good 

antibacterial properties, and some of these are likely to be present in the methanolic extracts. 

In particular, several previous studies have also reported the Terminalia spp. extracts also 

contain a relative abundance of monoterpenoids (Wright et al., 2016c; Sirdaarta et al., 2015b). 

In particular, borneol, camphor, cineole, isomenthol, isomyocorene, limonene and terpineol 



have all been reported in abundance in several Terminalia spp. Therefore, we also used GC-

MS headspace fingerprinting analysis to screen for these compounds and quantify their relative 

levels in the extracts. Interestingly, the methanolic T. chebula, T. carpentariae and T. sericea 

leaf extracts all contained cineole and terpineol (~2% and 1.7% respectively in each extract). 

The T. carpentariae and T. sericea methanolic leaf extracts also contained relatively high 

abundances of borneol (~1.4%). In contrast, a lower abundance of borneol (~0.9%) was present 

in the T. chebula methanolic leaf extract. All the other volatile lower polarity compounds that 

we screened for were present in substantially lower relative abundances. Interestingly, these 

abundances are also similar to the levels present in other Terminalia spp. (Wright et al., 2017).  

 

Discussion 

To determine the antimicrobial potential of the Terminalia spp. extracts, we employed 

culture-dependent analyses, focusing on the preponderate malodour-producing bacterial 

species within the axillary and plantar regions of the body. Whilst we investigated the 

prevailing organisms in these areas, malodour formation is complex and is influenced by 

environmental and genetic factors. Firstly, the composition of an individual’s skin microbiota 

is influenced by many environmental factors (geographical location, temperature, humidity) 

which can promote the fluctuation of different bacteria (Varela et al., 2018). Furthermore, 

differing bacterial communities are observed in areas of the body where apocrine glands are 

abundant (axillary, groin) when compared to regions where eccrine glands dominate (Williams, 

2001). The use of footwear increases the temperature and humidity of the feet, which promotes 

bacterial growth, and subsequently, odour production. Finally, the bacterial degradation of 

perspiration secretions is widespread and not limited to any distinct species or genus, although 

malodour production is due to relatively few bacteria. Undertaking a comprehensive study that 

accommodated for all these variables is complex, and thus we focused specifically on the 

predominating species of the two major regions where odour is formed (axillary and feet). 

The T. chebula, T. carpentariae and T. sericea extracts tested in this study had similar 

growth inhibitory efficacy against malodour-producing bacteria as did T. ferdinandiana leaf 

extracts in our previous study (McManus et al., 2017). Similar with our earlier study, the 

methanolic leaf extracts were consistently the best inhibitors of bacterial growth. 

Corynebacterium spp. generally are the most relevant bacterial target for deodorant action as 



they produce the most pungent malodours (Grice et al., 2009). Therefore, the potent inhibition 

of C. jeikeium growth by the T. chebula, T. carpentariae and T. sericea methanolic leaf extracts 

(MICs of 187, 450 and 549µg/mL respectively) was particularly promising for the development 

of new deodorants. Extracts produced from Rubia tinctorium L. have also been highlighted in 

previous studies as potent inhibitors of Corynebacterium spp. growth based on the inhibition 

of a single high dosage (Golcü et al., 2002). MIC values were not determined in that study, 

making benchmarking against other extracts impossible. Similarly, Humulus lupulus L. (hops) 

extracts (2mg/mL) inhibited Corynebacterium spp. and S. epidermidis growth in a disc 

diffusion assay, with 15 mm zones of inhibition. Unfortunately, it is not possible to compare 

the efficacy of the extract in that study with the results we have presented here as they use of 

differing assay methodologies. However, a direct comparison of the zones of inhibition in the 

disc diffusion assay is possible. Substantially lower doses were screened in our study compared 

to the H. lupulus study. Despite this, similar inhibition zones were reported in both studies, 

indicating that the Terminalia spp. extracts. are substantially more potent bacterial growth 

inhibitors than the H. lupulus extract in the earlier study. 

Phytochemical fingerprint analyses of the methanolic T. chebula, T. carpentariae and 

T. sericea leaf extracts revealed high levels of tannins, a class of biomolecules capable of 

binding to amino acids and proteins and inducing conformational changes. Whilst their 

antibacterial properties been well-established (Cock, 2015), tannins (particularly tannic acid) 

have also been reported to trigger eccrine gland closure, preventing perspiration (Benohanian, 

2001). When exposed to the stratum corneum, tannins can denature bound keratin, although 

this effect is a transient interaction. The same study compared this effect with aluminium salt 

mediated pore closure and determined that tannin-induced pore closure was evident over a 

significantly longer time period. This not only provides an insight into the antimicrobial 

activity observed in our methanolic leaf extracts, but also indicates that the deodorant 

preparations may also function as antiperspirants. Furthermore, it is likely that the high tannin 

contents identified in the T. chebula, T. carpentariae and T. sericea methanolic leaf extracts 

would directly inhibit the growth of the malodour-producing bacteria. The antibacterial activity 

of gallotannins has been particularly well reported against a wide variety of bacteria by binding 

cell membrane lipids and proteins (Wu-Yuan et al., 1988; Buzzini et al., 2008). The 

elligitannins are also potent inhibitors of bacterial growth by disrupting bacterial cell walls 

(Hogg and Embery, 1982; Wu-Yuan et al., 1988).  



 

Conclusions 

Our research highlights the antimicrobial properties of several geographically diverse 

Terminalia spp., the most notable of which were the leaf extracts prepared using methanol as 

a solvent. Further analyses of these extracts revealed the presence of tannins, which, given their 

ability to reduce perspiration, offers a multifaceted solution to controlling odour (as 

perspiration delivers the proteins/lipids necessary for bacterial growth). Although the lack of 

toxicity observed in Artemia nauplii screenings suggest that the extracts are likely suitable for 

topical use, this should be confirmed using further human cell lines as well as in vivo studies 

before being considered for commercial use. Moreover, pharmacokinetic and 

pharmacodynamic analyses should be employed to understand the ability of the extract 

components to cross through the skin barrier (and if so, their duration in the blood stream and 

if urinary excretory products are present). Finally, given the frequency of deodorant 

application, the potential for cumulative (chronic) toxicity needs to be determined. Whilst 

future investigations are required, the preliminary data we have presented indicates that extracts 

prepared from Terminalia spp. are promising alternatives to current antimicrobial agents used 

in deodorants.  
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Figure legends 

 

Figure 1: Growth inhibitory activity of the Indian Terminalia spp. extracts against (a) 

Corynebacterium jeikeium (ATCC 43734), (b) Staphylococcus epidermidis (clinical isolate), 

(c) Propionibacterium acnes (ATCC6919) and (d) Brevibacterium linens (ATCC9172) 

measured as zones of inhibition (mm). M = methanolic extract; W = aqueous extract; E = ethyl 

acetate extract; C = chloroform extract; H = hexane extract; Van = vancomycin (5µg); N = 

negative control. Results are expressed as mean zones of inhibition ± SEM. * indicates results 

that are significantly different to the negative control.  

 

 

Figure 2: Growth inhibitory activity of the Australian Terminalia spp. extracts against (a) 

Corynebacterium jeikeium (ATCC 43734), (b) Staphylococcus epidermidis (clinical isolate), 

(c) Propionibacterium acnes (ATCC6919) and (d) Brevibacterium linens (ATCC9172) 

measured as zones of inhibition (mm). M = methanolic extract; W = aqueous extract; E = ethyl 

acetate extract; C = chloroform extract; H = hexane extract; Van = vancomycin (5µg); N = 

negative control. Results are expressed as mean zones of inhibition ± SEM. * indicates results 

that are significantly different to the negative control.  

 

 

Figure 3: Growth inhibitory activity of the South African Terminalia spp. extracts against (a) 

Corynebacterium jeikeium (ATCC 43734), (b) Staphylococcus epidermidis (clinical isolate), 

(c) Propionibacterium acnes (ATCC6919) and (d) Brevibacterium linens (ATCC9172) 

measured as zones of inhibition (mm). M = methanolic extract; W = aqueous extract; E = ethyl 

acetate extract; C = chloroform extract; H = hexane extract; Van = vancomycin (5 µg); N = 

negative control. Results are expressed as mean zones of inhibition ± SEM. * indicates results 

that are significantly different to the negative control.  

 

 



Table I: The mass of dried extracted material, the concentration after resuspension in deionised water and qualitative phytochemical screenings 

of the Terminalia spp. extracts. 
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T. arjuna 

Leaf 

M 240 24  +++  +++  +  -  +  -  -  +++  +++  -  - 1295 

W 136 13.6  +++  +++  +  -  +  -  -  +++  +++  -  - 1660 

E 42 4.2  +  +  -  -  -  -  -  +  +  -  - CND 

C 93 9.3  -  -  -  -  -  -  -  -  -  -  - CND 

H 32 3.2  -   -  -  -  -  -  -  -  -  -  - CND 

Bark 

M 128 12.8  +++  +++  +  -  +  -  -  +  ++  -  - 1683 

W 147 14.7  +++  +++  +  -  -  -  -  ++  ++  -  - 2146 

E 52 5.2  +  -  -  -  -  -  -  -  +  -  - CND 

C 88 8.8  -  -  -  -  -  -  -  -  -  -  - CND 

H 76 7.6  -   -  -  -  -  -  -  -  -  -  - CND 

T. catappa Leaf 

M 422 42.2  +++  +++  +  -  +  -  -  +++  +++  -  - 1288 

W 208 20.8  +++  +++  +  -  +  -  -  +++  ++  -  - 1592 

E 86 8.6  +  +  -  -  -  -  -  +  +  -  - CND 

C 96 9.6  -  -  -  -  -  -  -  -  -  -  - CND 

H 62 6.2  -   -  -  -  -  -  -  -  -  -  - CND 



Fruit 

M 334 33.4  +++  +++  ++  -  ++  -  -   ++  ++  -  - 1450 

W 156 15.6  +++  +++  +  -  +  -  -  ++  ++  -  - 1883 

E 153 15.3  +  +  -  -  -  -  -  +  +  -  - CND 

C 231 23.1  -  -  -  -  -  -  -  -  -  -  - CND 

H 147 14.7  -   -  -  -  -  -  -  -  -  -  - CND 

T. chebula 

Leaf 

M 448 448  +++  +++  +++  -  +++  -  -  +++  +++  -  - 1126 

W 365 36.5  +++  +++  +++  -  +++  -  -  +++  +++  -  - 1490 

E 50 5  +  +  -  -  -  -  -  +  ++  -  - CND 

C 106 10.6  -  -  -  -  -  -  -  -  -  -  - CND 

H 82 8.2  -   -  -  -  -  -  -  -  -  -  - CND 

Fruit 

M 566 56.6  +++  +++  +++  -  +++  -  -  +++  +++  -  - 1655 

W 438 43.8  +++  +++  +++  -  +++  -  -  +++  +++  -  - 2010 

E 67 6.7  +  +  -  -  -  -  -  ++  ++  -  - CND 

C 112 11.2  -  -  -  -  -  -  -  -  +  -  - CND 

H 96 9.6  -   -  -  -  -  -  -  +  -  -  - CND 

A
u

st
ra

li
a
n

 s
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s 

T. 

carpentariae 
Leaf 

M 348 34.8  +++  +++  ++  -  +++  -  +  +++  +++  -  - 1159 

W 180 18  +++  +++  +  -  ++  -  -  +++  +++  -  - 1380 

E 53 5.3  ++  ++  +  -  -  -  -  ++  ++  -  - CND 

C 210 21  -  -  -  -  -  -  -  -  -  -  - CND 

H 164 16.4  -   -  -  -  -  -  -  -  -  -  - CND 

T. grandiflora Leaf 

M 323 32.3  +++  +++  +  -  +++  -  +  +  +++  -  - 874 

W 179 17.9  +++  +++  +  -  ++  -  +  +  +++  -  - 1248 

E 52 5.2  ++  +  +  -  -  -  -  +  ++  -  - CND 



C 108 10.8  -  -  -  -  -  -  -  -  -  -  - CND 

H 63 6.3  -   -  -  -  -  -  -  -  -  -  - CND 

Fruit 

M 296 29.6  +++  +++  +  -  ++  -  -  ++  ++  -  - 758 

W 180 18  +++  +++  +  -  ++  -  -  ++  ++  -  - 1486 

E 47 4.7  ++  ++  +  -  -  -  -  +  -  -  - CND 

C 83 8.3  -  -  -  -  -  -  -  -  -  -  - CND 

H 42 4.2  -   -  -  -  -  -  -  -  -  -  - CND 

Seed 

M 78 7.8  +++  ++  +  -  +++  -  -  +  ++  -  - 876 

W 56 5.6  +++  ++  +  -  ++  -  -  +  ++  -  - 1582 

E 38 3.8  +  +  -  -  -  -  -  +  +   -  - CND 

C 126 12.6  -  -  -  -  -  -  -  -  -  -  - CND 

H 103 10.3  -   -  -  -  -  -  -  -  -  -  - CND 

S
o
u

th
 A

fr
ic

a
n

 s
p

ec
ie

s 

T. pruinoides Leaf 

M 264 26.4  +++  +++  +  -  ++  -  -  +++  +++  -  - 956 

W 206 20.6  +++  +++  +  -  +  -  -  ++  ++  -  - 1583 

E 40 4  +  +  -  -  -  -  -  +  +  -  - CND 

C 118 11.8  -  -  -  -  -  -  -  -  -  -  - CND 

H 62 6.2  -   -  -  -  -  -  -  -  -  -  - CND 

T. sericea Leaf 

M 240 24  +++  +++  ++  -  +++  -  -  +++  +++  -  - 1088 

W 210 21  +++  +++  +  -  ++  -  -  +++  +++  -  - 765 

E 49 4.9  +  +  -  -  -  -  -  +  +  -  - CND 

C 126 12.6  -  -  -  -  -  -  -  -  -  -  - CND 

H 43 4.3  -   -  -  -  -  -  -  -  -  -  - CND 

+++ indicates a large response; ++ indicates a moderate response; + indicates a minor response; - indicates no response in the assay; CND = an 

LC50 could not be determined as the mortality did not exceed 50% at any dose tested. 



 

Table II: Disc diffusion (DD) and liquid dilution (LD) MIC values (µg/mL) for Terminalia spp. extracts against the malodour forming 

bacteria.  

  
Origin Species 

Plant 

Part 

M W E C H 

 DD LD DD LD DD LD DD LD DD LD 

C
. 
je

ik
e
iu

m
 

In
d
ia

n
 s

p
ec

ie
s 

T. arjuna 

Leaf 1128 786 1663 1197 1845 1255 2928 2384 >10,000 >5000 

Bark 2825 2091  -  -  -  - >10,000 >5000 >10,000 >5000 

T. catappa 

Leaf 1353 996 2611 1970 2205 1632 >10,000 >5000 >10,000 >5000 

Fruit 3057 2323  -  -  -  - >10,000 >5000 >10,000 >5000 

T. chebula 

Leaf 541 384 1042 792 889 622 1482 1156 1752 1261 

Fruit 1223 881 1496 1107 1428 1028 1741 1323 2022 1577 

A
u
st

ra
li

an
 s

p
ec

ie
s 

T. carpentariae Leaf 652 450 1220 952 727 516 2854 3212 >10,000 >5000 

T. grandiflora 

Leaf 2382 1644 3055 2200 2854 2141 >10,000 >5000 >10,000 >5000 

Fruit 2872 1982 4380 3416 3468 2636 >10,000 >5000 >10,000 >5000 

Seed 1168 806 1583 1108 1252 901 >10,000 >5000 >10,000 >5000 



S
o
u
th

 A
fr

ic
an

 

sp
ec

ie
s T. pruinoides Leaf 1273 866 2047 1556 1854 1446 3005 2850 5225 3076 

T. sericea Leaf 773 549 1248 936 1044 814 1576 1245 1907 1576 

S
. 
ep

id
er

m
id

is
 In

d
ia

n
 s

p
ec

ie
s 

T. arjuna 

Leaf 1355 976 1938 1609 2266 1677 3570 2570 >10,000 >5000 

Bark 3282 2199  -  -  -  - >10,000 >5000 >10,000 >5000 

T. catappa 

Leaf 1786 1241 3045 2498 2684 2122 >10,000 >5000 >10,000 >5000 

Fruit 3486 2893  -  -  -  - >10,000 >5000 >10,000 >5000 

T. chebula 

Leaf 378 187 1280 922 805 564 1675 1307 1803 1533 

Fruit 1182 910 1699 1325 1426 1098 1658 1409 2248 2428 

A
u
st

ra
li

an
 s

p
ec

ie
s 

T. carpentariae Leaf 426 295 1080 853 566 440 2280 3285 >10,000 >5000 

T. grandiflora 

Leaf 2584 1585 2875 1783 2226 2099 >10,000 >5000 >10,000 >5000 

Fruit 2658 1675 3202 1933 2485 2137 >10,000 >5000 >10,000 >5000 

Seed 1066 725 1280 998 856 651 >10,000 >5000 >10,000 >5000 



S
o
u
th

 A
fr

ic
an

 

sp
ec

ie
s T. pruinoides Leaf 945 643 1580 1248 1342 1100 2884 2394 4760 2761 

T. sericea Leaf 554 383 975 780 823 634 1327 1148 2423 1478 

P
. 
a
cn

es
 

In
d
ia

n
 s

p
ec

ie
s 

T. arjuna 

Leaf 1580 1090 2268 1792 1850 1436 2674 2808 >10,000 >5000 

Bark 3488 2546  -  -  -  - >10,000 >5000 >10,000 >5000 

T. catappa 

Leaf 1824 1021 3874 2789 3150 2237 >10,000 >5000 >10,000 >5000 

Fruit 3489 2652  -  -  -  - >10,000 >5000 >10,000 >5000 

T. chebula 

Leaf 714 478 1280 984 846 584 1892 1022 2035 1669 

Fruit 1583 1140 1860 1507 1286 990 2286 1623 3085 2684 

A
u

st
ra

li
an

 s
p
ec

ie
s 

T. carpentariae Leaf 724 500 1483 1157 685 486 3658 2012 >10,000 >5000 

T. grandiflora 

Leaf 1863 1230 3166 2723 2752 2257 >10,000 >5000 >10,000 >5000 

Fruit 2246 1662 4528 3532 3624 2790 >10,000 >5000 >10,000 >5000 

Seed 1280 724 1080 683 882 467 >10,000 >5000 >10,000 >5000 



S
o
u
th

 A
fr

ic
an

 

sp
ec

ie
s T. pruinoides Leaf 1285 848 1922 1480 2048 1475 3387 3861 3057 2629 

T. sericea Leaf 727 514 1257 1043 954 677 1694 2033 2630 2446 

B
. 
li

n
en

s 

In
d
ia

n
 s

p
ec

ie
s 

T. arjuna 

Leaf 1254 840 1974 1638  -  - >10,000 >5000 >10,000 >5000 

Bark 2958 1864  -  -  -  - >10,000 >5000 >10,000 >5000 

T. catappa 

Leaf 1522 913 2048 1802  -  - >10,000 >5000 >10,000 >5000 

Fruit 2880 1958  -  -  -  - >10,000 >5000 >10,000 >5000 

T. chebula 

Leaf 625 363 1140 809 848 602 1655 1804 >10,000 >5000 

Fruit 1138 830 1366 1010 1280 965 1842 1768 >10,000 >5000 

A
u

st
ra

li
an

 s
p
ec

ie
s 

T. carpentariae Leaf 686 398 1380 1559 705 430 >10,000 >5000 >10,000 >5000 

T. grandiflora 

Leaf 2578 1573 3588 3086 3215 2443 >10,000 >5000 >10,000 >5000 

Fruit 3282 2068  -  -  -  - >10,000 >5000 >10,000 >5000 

Seed 1058 752 1835 1615 1118 787 >10,000 >5000 >10,000 >5000 



S
o
u
th

 A
fr

ic
an

 

sp
ec

ie
s T. pruinoides Leaf 1326 955 2463 2241 1600 1168 >10,000 >5000 >10,000 >5000 

T. sericea Leaf 754 505 1380 1160 986 720 >10,000 >5000 >10,000 >5000 

M = methanol extract; W = water extract; E = ethyl acetate extract; C = chloroform extract; H = hexane; DD = disc diffusion; LD = liquid 

dilution; - indicates no inhibition at any dose tested. Numbers in red highlight notable MIC values <1000 µg/mL (as defined in van Vuuren and 

Holl, 2017; Orchard and van Vuuren, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 



Table III: Qualitative HPLC-MS QTOF and GC-MS headspace analysis of the T. chebula, T. carpentariae and T. sericea methanolic leaf 

extracts extract, elucidation of empirical formulas and putative identification (where possible) of the compounds. 

  

Retention 

time (min) 

Empirical 

formula 

Molecular 

Mass (Da) 

Putative 

identification 

Relative abundance (%) 

 
T. chebula leaf 

T. carpenteriae 

leaf 
T. sericea leaf 

  

Positive 

mode 

Negative 

mode 

Positive 

mode 

Negative 

mode 

Positive 

mode 

Negative 

mode 

L
C

-M
S

 E
v

a
lu

a
ti

o
n

 

1.065 C14 H10 O10 338.029 
Ellagic acid 

dihydrate 
2.18  - 2.75  - 2.7  - 

1.383 C4 H8 O5 136.037 Gallic acid  - 6.69  - 5.64  - 5.93 

1.54 C14 H12 O11 356.039 Chebulic acid 4.32 6.88 2.89 5.23 3.04 5.46 

4.374 C14 H6 O8 302.007 Ellagic acid  1.16 1.28 1.58 1.36 1.75 1.5 

7.669 C41 H26 O26 934.072 Castalagin 2.18 0.86 2.63 1.18 2.35 0.97 

7.774 C27 H22 O18 634.082 Corilagin 2.42 6.73 1.86 4.96 2.65 7.06 

8.501 C34 H22 O22 782.062 Punicalin  -  - 0.32  - 0.45  - 

8.604 C21 H20 O11 448.102 Luteolin 0.42 6.44 0.45 7.28 0.45 7.42 

8.728 C41 H32 O27 956.113 
Chebulinic 

acid 
1.22 4.4 0.69 3.14 0.72 3.24 

9.312 C13 H10 O7 278.043 Exifone 5.62 1.34 6.64 1.48 6.43 1.42 

9.846 C41 H30 O27 954.098 
Chebulagic 

acid 
2.16 2.02 1.68 1.58 1.83 1.75 

  
Retention 

time (min) 

Empirical 

formula 

Molecular 

Mass (Da) 

Putative 

identification 
T. chebula leaf 

T. carpenteriae 

leaf 
T. sericea leaf 

 14.09 C10 H16 136 Limonene 0.36 0.41 0.19 

H
ea

d
sp

a

ce
 G

C
-

M
S

 

E
v
a
lu

a
ti

o
n

 

14.58 C10 H16 136 Isomyocorene 0.05 0.09 0.08 

15.5 C10 H18 O 154 Cineole 2.12 1.68 2.2 

17.71 C10 H16 O 152 Camphor  0.36 0.53 0.17 



18.41 C10 H18 O 154 Borneol 0.85 1.46 1.36 

19.16 C10 H18 O 154 Terpineol 1.48 1.88 1.75 

36.52 C16 H22 O4 278 
Diisobutyl 

phthalate 
0.01 0.16 0.08 

39.46 C10 H20 O 165 Isomenthol 0.11 0.14 0.18 

 The relative abundance expressed in this table is a measure of the area under the peak expressed as a % of the total area under all 

chromatographic peaks.  

 
 

 

 


