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Abstract
Terminalia hadleyana (subsp. carpentariae C. T. White) is native to Northern Australia where fruits of this plant have 
been used as a traditional food by the Australian Indigenous people. The aim of this study was to evaluate the morphology, 
chemical composition, functional (e.g. vitamin C, phenolic content) and antimicrobial properties of T. carpentariae fruits, 
harvested from the wild at full maturity. Variability has been observed in both fruit morphology (size and weight) and 
chemical composition. Proximate analysis showed that these fruits have high concentration of dietary fibre (DF) (51.2 g/100 
gDW), and minerals such as K (1780 mg/100 g DW), Ca (373 mg/100 g DW) and Mg (150 mg/100 g DW). High levels of 
total phenolic content (TPC) (11,392 mg GAE/100 g DW) and vitamin C (11,046 mg/100 g DW) were also observed. Fruit 
extracts also showed inhibitory effects against the growth of foodborne microorganisms such as Staphylococcus aureus, 
methicillin resistant Staphylococcus aureus, Pseudomonas aeruginosa and Shewanella putrefaciens. Overall, these results 
contribute to provide with relevant information of the potential of T. carpentariae fruit as a functional ingredient to the 
Australian Indigenous communities and the emerging Australian native food industry.
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Introduction

The genus Terminalia comprises of more than 250 spe-
cies, and it is the second-largest genus in the family Com-
bretaceae [1]. Plants from the genus Terminalia are mainly 
distributed in tropical and subtropical regions of America, 
Australia, Asia, and Africa [2, 3]. More than 30 species or 
subspecies grow in Australia, including the well-known Ter-
minalia ferdinandiana (commonly known as Kakadu plum) 
[4]. Both fruits and leaves of T. ferdinandiana have been 
reported to possess strongest radical scavenging activity and 
the highest levels of antioxidant compounds compared with 
other native fruits found in Australia [5].

Terminalia hadleyana (subsp. carpentariae C. T. White), 
belongs to the family Combretaceae, popularly known as 
wild peach, and is native to Northern Australia [6]. This 
plant is a shrub or small tree with mottled yellow, grey or 
orange bark up to 10 m high [6]. The cambium layer of T. 
carpentariae contains a series of bioactive phytocompounds, 
including saponins, tannins, flavonoids, and triterpenoids 
exerting antioxidant and antimicrobial activities [7]. More 
than 20 compounds have been identified in the leaf of T. 
carpentariae exhibiting high inhibitory effects against Bacil-
lus anthracis [8]. Most of the plants of the genus Terminalia 
have a long history of usage in medicinal applications world-
wide [1] where several bioactive phytochemicals (> 300) 
have been found [9]. Pharmacological studies have reported 
the importance of these bioactive phytochemicals in liver 
and kidney protection [10–13], and having antibacterial [14], 
antifungal [15, 16], antiparasitic [17], anti-inflammatory [18, 
19], and anti-obesity activities [20, 27]. Among these bioac-
tive compounds, tannins, including ellagitannins, gallotan-
nins, dimeric- and trimeric tannins were reported as the main 
bioactive compounds in most of the Terminalia species [9].
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In addition to tannins, vitamin C, a strong natural antioxi-
dant, has been also documented as an important bioactive 
compound in many scientific studies of Terminalia [5, 21]. 
For example, fruits of T. ferdinandiana contain exceptional 
levels of vitamin C up to 22,000 mg/100 g DW [21]. The 
high concentration of this vitamin in fruits of Terminalia has 
been reported to be approximately 900-fold higher than blue-
berries where in oranges and grapefruits the concentration 
of this vitamin only reaches around 0.5% of the dry weight 
of the fruit [2, 22].

It has been also reported that different plant extracts (e.g. 
methanolic and water) of the genus Terminalia exhibited 
antimicrobial properties and consequently some of these 
species have been used in traditional medicine. Fruits of 
both T. ferdinandiana and chebula have been reported to 
exhibit antibacterial properties against both gram-positive 
and gram-negative bacteria [23, 24]. Other species of Ter-
minalia such as australis, brownii and mollis have been also 
reported to exhibit high antifungal activity [25, 26].

Although, the fruits and other plant parts of this plant 
have been traditionally used as food or medicine by the Aus-
tralian Indigenous people for thousands of years, limited 
scientific reports have been published on the composition, 
antioxidant and antimicrobial properties of T. carpentariae 
fruits. Besides, no research has been reported on the identi-
fication and quantification of phytochemicals of T. carpen-
tariae fruits and their potential biological functions.

The aim of this study was to evaluate the morphology, 
chemical composition, functional (e.g. vitamin C, phenolic 
content) and antimicrobial properties of T. carpentariae 
fruits, harvested from the wild, at full maturity.

Materials and methods

Sample collection and processing

Fruit samples used in this study were harvested at full matu-
rity in December 2019 from individual trees grown in the 
wild in East Arnhem Land (Northern Territory, Australia). 
Individual fruit samples were freeze-dried at − 48 °C for 72 
hs (CSK Climatek, Darra, Queensland, Australia). Then, the 
pulp and seed of the fruit samples were manually separated, 
followed by milling the seedless pulp fruit samples into a 
fine powder using a mixer mill MM 400 (Retsch GmbH, 
Haan, Germany). Samples were stored at – 35 °C until fur-
ther analysis.

Proximate and mineral analysis

Proximate and minerals analysis were performed in a com-
mercial laboratory (Symbio Alliance Laboratories, Brisbane, 
QLD, Australia). Analysis were carried out using accredited 

in-house or standard AOAC methods. Crude protein (CP) 
was determined using AOAC method 990.03, total fat (TF) 
using AOAC method 991.36, ash using AOAC method 
923.03. Saturated (SFA), monounsaturated (MFA), polyun-
saturated (PUFA), trans fats (TFA), dietary fiber (DF) and 
carbohydrates (CHO) were determined using in-house meth-
ods (Symbio Alliance Laboratories, Australia), and minerals 
were determined by Inductively Coupled Plasma (ICP)—
mass spectrometry. Moisture (M) content was determined 
according to AOAC method 934.01.

Morphology

Individual fruit samples (n = 100) were randomly selected 
and thawed at room temperature where the length and width 
were recorded using a 150 mm Digital Calliper (Craftright 
Engineering Works, Jiangsu, China). The weight of whole 
fruit, pulp and seeds, was recorded using a laboratory scale 
(Sartorius CP224S, Gottingen, Germany).

Determination of total soluble solids, pH 
and titratable acidity

The pulp of fruit samples (n = 20) was finely ground into a 
puree and diluted (1:10; w/v) with Milli-Q water (18 M Ω 
cm at 23 °C) (Millipore, USA). Centrifuged supernatant was 
retained for total soluble solid (TSS) measurement using 
an OPTi@ Digital Handheld Refractometer (Xylem, UK). 
The pH was recorded on the diluted puree using a pH meter 
(Metrohm, NSW, Australia). The titratable acidity (TA) was 
determined by titrating with 0.1 N NaOH using an automatic 
titration unit (Metrohm, NSW, Australia).

Extraction and analysis of bioactive compounds

Fruit bioactive compounds were extracted using an aque-
ous methanol 80% (v/v) solution. Freeze-dried fruit pow-
der (approx. 2 g) samples were homogenized using 20 ml 
of 80% methanol, followed by sonication in an ultrasonic 
bath (Elma Schmidbauer GmbH, Ruiselede, Belgium) for 
15 min. The tubes were continuously shaken on a recip-
rocating shaker (RP1812, Paton Scientific, Adelaide, SA, 
Australia) for another 15 min, followed by centrifuging 
the slurry at 3900 rpm for 10 min using Eppendorf 5180 
centrifuge (Eppendorf, Hamburg, Germany). The residues 
were re-extracted twice where a total volume of 30 ml of 
the supernatant was kept at – 35 °C for further analysis. The 
remaining supernatant was evaporated to dryness and later 
used to determine antimicrobial activity. DIONEX Ultimate 
3000 UHPLC system hyphenated with a Thermo high reso-
lution Q Exactive focus mass spectrometer (Thermo Fisher 
Scientific Australia Pty Ltd., Melbourne, VIC, Australia) 
was used for analysis as described previously [23, 28]. 
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Quantification of compounds was performed following the 
method described previously by Bobasa and collaborators 
[23]. The LCMS system was monitored using Xcalibur™ 
4.1 software, while TraceFinder™ 4.1 software was used 
for data processing. The external calibration curves of gal-
lic acid, ellagic acid, corilagin and 3,4,6-Tri-O-galloyl-β-
D-glucose ranging from 0.1 to 50 ppm were used for the 
equivalent quantification of phenolic compounds [23, 28].

Determination of total phenolic content, DPPH free 
radical scavenging and vitamin C

Total phenolic content (TPC) was determined using the 
Folin-Ciocalteu assay described elsewhere [29, 30]. TPC 
were expressed as gallic acid equivalents per gram DW of 
sample (mg GAE/100 g DW) [29, 30]. The radical scav-
enging activity was determined using a DPPH free radical 
scavenging assay following the method described elsewhere 
[29, 30]. The results were expressed as Trolox equivalents 
(TE) per 100 g DW of sample (mM TE /100 g DW). Extrac-
tion and determination of vitamin C was conducted using 
a UHPLC-PDA analysis following the method previously 
described by Chaliha and collaborators [30].

Antimicrobial activity

To determine the antimicrobial activity of T. carpentariae 
fruit extracts, different foodborne microorganisms were 
used. The selected microorganisms used in this study were 
Gram-positive bacteria (Staphylococcus aureus NCTC 6571, 
Listeria monocytogenes ATCC 19,111 and methicillin-
resistant Staphylococcus aureus (MRSA), Gram-negative 
bacteria (Escherichia coli NCTC 9001, Pseudomonas aer-
uginosa ATCC 10,145 and Pseudomonas aeruginosa clini-
cal isolates ATCC 9001 and Shewanella putrefaciens ATCC 
49,138) and fungi (Aspergillus niger ATCC 16,888, Asper-
gillus flavus ATCC 20,025 and Penicillium chrysogenum 
ATCC 10,106). The dry extract was freshly reconstituted 
in 20% (v/v) ethanol to obtain a concentration of 50 mg/
ml. A disc diffusion assay was used to evaluate the antimi-
crobial activity of the fruit extracts as described elsewhere 
[29]. An aqueous 20% (v/v) ethanol was included to test the 
effects caused by the solvent as the negative control. 2 mg/ml 
Oxytetracycline hydrochloride (Sigma-Aldrich, USA) and 
1 mg/ml Amphotericin B (Sigma-Aldrich, USA), antibiotic 
and antifungal substances, were also included as positive 
controls. The inoculated plates were incubated at 37 °C for 
24 h, whilst the inoculated fungal plates were incubated at 
25 °C for 48 h. After incubation, the diameter of the inhibi-
tion zones was measured using a 150 mm Digital Calliper. 
The antimicrobial activity results were expressed as strong 
(> 13 mm), moderate (6–12 mm), weak (≥ 5 mm) and no 
activity (< 5 mm) [29, 31, 32].

Statistical analysis

The results were expressed as means ± standard deviation 
(SD) and calculated using GraphPad Prism version 9.0 (San 
Diego, CA, USA). All the analysis were done in triplicate. 
Antimicrobial activity was statistically analysed using one-
way ANOVA and means compared with Tukey’s multiple 
comparison post hoc tests (p < 0.05).

Results and discussion

Morphology, moisture, titratable acidity and total 
soluble solids

Table 1 reports the morphological parameters measured in 
the fully mature and wild harvest T. carpentariae samples. 
Published data on fruits from other species such as T. fer-
dinandiana was added for comparison purposes only [21]. 
The results showed an effect of the species on the morpho-
logical characteristics of the fruits (e.g. size). However, the 
proportion of seed and pulp was relatively similar between 
the two species (86.6 vs 87%) analysed. Variability in the 
morphological parameters between individual fruit samples 
was also observed (weight and size), reflecting the effect of 
tree variability in the wild. This variability could be also 
attributed to abiotic effects such as microclimate (e.g. rain-
fall and temperature), soil, and elevation, as reported by 
other authors [30, 33, 34]. In this study, fruit samples were 
collected from two distinctive geographical locations identi-
fied as Arnhem Land plateau and lowlands. These regions 
differ in altitude and this issue might contribute to explain 
the observed variations in the fruit samples analysed [30, 33, 
34]. Table 1 also shows the results for M, pH, TA, and TSS, 
measured in the T. carpentariae fruit samples. Overall, the 
M, TA and TSS content in the T. carpentariae fruit samples 
analysed is lower than those from T. ferdinandiana. 

Proximate and mineral composition

Proximate and mineral composition of the T. carpentar-
iae fruit samples analysed is reported in Tables 1 and 2, 
respectively. The CP content (7.2 g/100 g DW) in T. car-
pentariae fruit samples was higher than T. ferdinandiana 
fruits (4.7 g/100 g DW). The TF content of T. carpen-
tariae samples was considered low (1.6 g/100 g DW), with 
most of the fat comprising of PUFA (1.2 g/100 g DW). It 
was observed that the concentration of PUFA is twice the 
amount reported for T. ferdinandiana (0.6 g/100 g DW), 
which could be beneficial in reducing the risks of cardio-
vascular diseases and cancer as reported by other authors 
[35]. Fruit samples of T. carpentariae have a high amount 
of DF (51.2 g/100 g DW) compared to T. ferdinandiana 
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(45.9 g/100 g DW). It was found that the concentration 
of K, Mg and Zn in the T. carpentariae fruit samples 
analysed was lower than those reported for other species 
of Terminalia [36], while the other minerals analysed in 
the fruit samples were found at higher concentrations 
(Table 2). In this study, the concentration of K in the fruit 
samples was the highest (1780 mg/100 g DW), followed 
by Ca (373 mg/100 g DW) and Mg (150 mg/100 g DW).

Total phenolic content, DPPH free radical 
scavenging and vitamin C

The content of vitamin C in the T. carpentariae fruit samples 
analysed was found at a moderate level (11,046 mg/100 g 
DW) (see Table 1). The concentration of vitamin C in this 
fruit is comparatively higher than other Australian native 
fruits such as desert lime (188.6 mg/100 g DW), Davidson’s 
plum (30 mg/100 g DW) and bush tomato (17 mg/100 g 
DW) [37], however, is lower compared to fruits of T. fer-
dinandiana (22,000 mg/100 g DW [21]. It has been also 
reported that the concentration of vitamin C (ascorbic acid) 
varies among the different species of Terminalia where a 
concentration of this vitamin of 797.9 mg/100 g DW and 
0.874 mg/100 g DW was reported for T. chebula and cat-
appa, respectively [38, 39]. This variability may be associ-
ated with the accumulation of ascorbic acid in plants, that 
is influenced by cultivar or species, environment, time of 
harvest, and post-harvest storage conditions [30].

The TPC in the fruit samples analysed was11,392.9 mg 
GAE/100 g DW (see Table 3). The content of TPC in these 
fruits is considered higher than other Terminalia species, 
such as T. chebula (40 mg GAE/100 g DW) [40] and T. cat-
appa (1005 mg GAE/100 g DW) [41], however, lower than T. 
ferdinandiana fruit (range 37,610 to 50,520 mg GAE/100 g 
DW) [21] and T. bellirica (18,871 GAE mg/100 g DW) [42]. 
T. carpentariae exhibited a high radical scavenging activity 
with an EC50 value of 12.9 μg/ml. In a recent study, Dhar-
maratne and collaborators [42] reported higher EC50 values 
in fruits of T. bellirica (6.99 ± 0.15 μg/ml) while Abdulkadir 
[43] reported weaker free radical scavenging activity in ripe 
fruits of T. catappa (95.99 μg/ml).

Antimicrobial activity

Table 3 reports the antimicrobial activity (shown as inhi-
bition zones) of the T. carpentariae fruits extracted (80% 
methanol) against the foodborne microorganisms selected. 
Ethanol 20% (negative control) did not show any zone of 
inhibition against any of the tested microorganisms. The 
methanolic extracts of T. carpentariae showed strong anti-
bacterial activity against the gram-negative S. putrefaciens, 
and moderate activity against P. aeruginosa (p < 0.05). How-
ever, no inhibitory effects against mold, L. monocytogenes 
and E. coli were observed. These results suggested that 
extracts from T. carpentariae fruits are more susceptible to 
bacteria than yeast or fungi, which might be suitable for nat-
ural antibacterial applications. Previous studies using other 
Terminalia species have also reported similar trends [29, 
44–48]. For example, fruits of T. chebula did not exhibit any 
inhibitory activity against fungi [44]. Extracts of T. carpen-
tariae have also showed strong antibacterial activity against 
gram-positive S. aureus and MRSA (Table 3), indicating 

Table 1  Descriptive statistics for morphology and chemical composi-
tion determined in the set of T. carpentariae fruit samples

Please note that T. ferdinandiana was added for comparative purposes
In brackets coefficient of variation (SD/mean × 100); TA titratable 
acidity, M moisture, TSS total soluble solids, CP crude protein, L-AA 
L-ascorbic acid, DAA dehydeoxyascorbic acid, Vit C vitamin C, TF 
total fat, SFA saturated fatty acids, MFA monounsaturated fatty acids, 
PUFA polyunsaturated fatty acids, TFA trans fatty acids, DF dietary 
fiber, CHO carbohydrates
NA data not available
a T. ferdinandiana data was sourced from Sultanbawa et al. (2018) and 
Phan et al. (2020)
# (mg/100 g DW)
$ (g/100 g DW)

T. carpentariae T. ferdinandianaa

Morphology
 Length (mm) 33.1 ± 3.8 (11.4%) NA
 Width (mm) 19.3 ± 1.9 (9.9%) NA
 Weight (g) 4.5 ± 1.0 (22.9%) NA
 Length range (mm) 21.5–41.2 16.4–37.4
 Width range (mm) 11.0–23.6 8.0–20.1
 Weight range (g) 2.2–7.3 1.0–4.6
 % seed 13.4 13
 % pulp 86.6 87
 pH 3.7 ± 0.1 (3.1%) 3.8–4.0
 TA 1.5 ± 0.2 (1.5%) 3.0–4.8
 M (% w/w) 79.2 ± 2.2 (2.8%) 83–87
 TSS (°Brix) 11.1 ± 2.2 (20.0%) 19.3–41.1
 Vit  C# 11,046 ± 572 (5.2%) 22,000
 L-AA# 9,807 ± 344 (3.5%) NA
  DAA# 1,239 ± 228 NA

Proximate  analysis$

 CP 7.2 4.7
 TF 1.6 0.9
 SFA 0.4 0.3
 MFA 0.1  < 0.1
 PUFA 1 0.6
 TFA  < 0.01  < 0.01
 Ash 4.5 5.5
 DF 51.2 45.9
 CHO 32.9 37
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that these fruit extracts have the potential to inhibit bac-
teria which are resistant to antibiotics. The results of the 
present study are also in agreement with those reported by 
other authors using T. ferdinandiana [29, 44–48]. Previous 
reports have also indicated that methanolic extracts of T. 
ferdinandiana were effective as an antibacterial agent against 
E. coli [29, 44, 45]. However, this might be explained by 
differences in the strain of E. coli selected to conduct the 
present study. Moreover, P. aeruginosa and E. coli have been 
considered among the most clinically challenging species to 
be inhibited or killed by some class of antibiotics [46–48]. 
Due to the distinctive composition of the outer membrane 

of gram-negative bacteria, they are more resistant to several 
antibiotics compared to gram-positive bacteria [46–48]. In 
our present study, the extracts of T. carpentariae showed no 
zone of inhibition against E. coli which might be due to its 
structure. The strain selected by Cock and Mohanty [45] was 
more susceptible than the one utilised in the present study. 
Extracts of T. carpentariae were not effective against L. 
monocytogenes while they have shown an inhibitory activity 
against P. aeruginosa. Previous authors have also reported 
high antimicrobial activity of T. ferdinandiana extracts 
against L. Monocytogenes but no inhibition against P. aer-
uginosa [29, 44, 45]. Other authors have also suggested the 

Table 2  Content of mineral 
and trace elements in the set of 
T. carpentariae fruit samples 
analysed

Please note that T. ferdinandiana and nutritional information were added for comparative purposes
T. ferdinandiana data sourced from Sultanbawa et al. (2018)
*Nutritional information was referred to Meyers et al. (2006); (NA) no data available; AI adequate intake, 
EAR estimated average requirement, RDA recommended dietary allowance. Units; mg/100 g DW

T. carpentariae T. ferdinandiana Nutritional information*

Sodium (Na) 101 40 1300 mg/day AI
Potassium (K) 1780 2717 4.7 g/day AI
Magnesium (Mg) 150 203 350 mg/day EAR
Calcium (Ca) 373 295 1200 mg/day AI
Iron (Fe) 11 1.7 8 mg/day RDA
Zinc (Zn) 1.1 2.15 11 mg/day RDA
Manganese (Mn) 8.8 5.1 2.3 mg/day AI
Cobalt (Co) 0.18 0.01 NA
Cooper (Cu) 3.84 1.4 900 µg/day AI
Nickel (Ni) 0.28 0.49 NA
Chromium (Cr) 0.37 0.07 35 µg/day AI

Table 3  (A) Total phenolic content, DPPH free radical capacity, 50% effective concentration (EC50) of DPPH radical scavenging and (B) anti-
microbial activity of T. carpentariae fruit samples analysed

MRSA methicillin-resistant Staphylococcus aureus, Results are means ± SD (n = 3); CV coefficient of variation, NI no inhibition, different letters 
(a, b) indicated statistically significant differences at the level (p ≤ 0.05)

A Average ± SD CV (%)

TPC (mg GAE/100 g DW) 11,392.9 ± 258.2 2.3
DPPH (mg TE/g DW) 219.9 ± 1.6 0.7
EC50 (μg/ml DW) 12.9 –

B Zone of inhibition (mm) Average ± SD CV (%)

S. aureus 20.4 ± 0.8a 4.0
L. monocytogenes NI NI
MRSA 22.5 ± 0.3a 1.2
P. aeruginosa 8.2 ± 0.4b 4.4
P. aeruginosa (CI) NI NI
E. coli NI NI
S. putrefaciens 21.2 ± 0.4a 2.0
A. niger NI NI
A. flavus NI NI
P. chrysogenum NI NI
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synergic effects of vitamin C as antimicrobial agent [4, 29, 
44, 45]. Fruit samples of T. carpentariae have lower vita-
min C than T. ferdinandiana, and these might explain the 
observed differences in antibacterial activity between these 
two species. In addition, Mohanty and Cock [4] have stated 
that vitamin C might indirectly improve the antibacterial 
activity of polyphenolic compounds by inhibiting the oxi-
dation of these compounds. However, results presented in 
this study are preliminary and require further research to 
determine the exact mechanism of antimicrobial action of 
the extracts of T. carpentariae.

Phytochemical profiling

Individual phenolic compounds were determined in the T. 
carpentariae fruit samples and reported in both Fig. 1 and 
supplementary Table. Approximately, a total of 15 phenolic 
compounds were identified by comparing the mass spectra 
(MS1 and MS2) with available analytical standards and the 
scientific literature [49–53]. The compounds identified in 
Fig. 1 included organic acids (Peak 1), gallotannins (peaks 
2, 3, and 4), ellagitannins (peaks 6, 7, 8, 9, and 10), flavone 
(peaks 14 and 16) and flavone derivatives (peak 11, 12, 13, 
and 15) [23, 49].

Peak 1 and 2 corresponds with ascorbic acid and gal-
lic acid standards, respectively. Peaks 3, 4 and 7 might be 
associated with gallotannins [49–53]. Peaks 3 and 4, yield 
similar molecular ions and could be identified as digalloyl 

hexoside and its isomer [49–53]. In this study, peak 5 was 
not identified while peak 6 was identified as corilagin. Peaks 
7 and 8, are associated with chebulagic acid as reported by 
other authors [23, 49–52]. Peak 9 is tentatively identified as 
avicularin [49–53] while peak 10 was identified as ellagic 
acid [23, 49–52]. Peak 11 was identified as 5,6-dihydroxy-
3′,4′,7-trimethoxy-flavone derivative compounds [23, 
49–52]. Peak 14 was identified as tricin [49–53] while peak 
16 tentatively identified as 5,6-dihydroxy-3′,4′,7-trimethoxy-
flavone [49–53].

It has been reported that ellagitannins exhibited high 
potential inhibitory effects against bacterial growth and anti-
oxidant properties [13]. Different authors have found that 
ellagitannins are present in the fruit of different Terminalia 
species, such as T. bellerica, chebula, horrida and ferdinan-
diana [23, 49]. In this study, corilagin was considered the 
most important phenolic compound found in the fruit of T. 
carpentariae. These results also agreed with those reported 
by other authors in fruits of T. bellirica [19] and T. ferdi-
nandiana [23].

Conclusion

This is the first study to investigate the morphology, chem-
ical composition, phytochemical profiling, antioxidant 
and antimicrobial activity of T. carpentariae fruits. Large 
variability has been observed in both the morphology (e.g. 

Fig. 1  HPLC–UV chromato-
gram of T. carpentariae fruit 
samples collected at 280 and 
360 nm. The peak number is 
described in the text and sup-
plementary Table
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weight and size) and chemical composition as these fruits 
were harvested from the wild. Proximate analysis indicated 
that these fruits are a good source of CP and DF, with high 
potential as alternative source of minerals such as K, Ca 
and Mg. The identified phenolic compounds and high lev-
els of vitamin C supported the evidence of the antioxidant 
and antimicrobial properties of this fruit (high levels of 
total phenolic content and free radical scavenging capac-
ity). Extracts of T. carpentariae exhibited high inhibitory 
effects against Gram-positive bacteria. These results will 
contribute to provide with the relevant information of the 
potential of T. carpentariae fruit as a functional ingredient 
to the Australian Indigenous communities and the emerg-
ing Australian native food industry.
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