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a r t i c l e i n f o a b s t r a c t 

The green plum ( Buchanania obovata ), red bush apple ( Syzygium suborbiculare ) and wild peach ( Terminalia car- 

pentariae ) all grow in remote East Arnhem Land, Australia and are eaten by the Yol ŋ u Aboriginal people who live 

there. These three fruits have had very little study at present by western food science and there is interest in their 

use as foods or food products to create sustainable Indigenous agribusinesses. The purpose of this study was to 

create a nutritional and sensory profile of each fruit. Results show that wild peach is a very good source of vitamin 

C with 2041 ± 192 mg/100g FW (fresh weight) and green plum is a very good source of folate, containing 118 ± 
8 μg/100g FW as folic acid equivalents. All three fruit are good sources of dietary fibre, (green plum 9.5 ± 1.4, 

red bush apple 6.5 ± 1.0 and wild peach 8.6 ± 1.3 g/100g FW) and minerals and the green plum is a particularly 

valuable source of potassium (511 ± 22 mg/100g FW). Descriptive analysis of the fruit as whole or pieces of 

fruit, as a puree and as an ingredient (freeze-dried powder) in semolina and yoghurt describe the green plums 

flavour as sweet , tart and stewed apple and red bush apple as sour , raspberry , citrus , apple , sweet , floral , herbaceous 

and spiced tea . The unique sensory profiles and high nutrient levels indicate they could be used as future smart 

foods for diet diversity and future flavours in novel food products. 
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. Introduction 

East Arnhem Land is located in the Northern Territory, Australia

nd is the home of the Yol ŋ u people who are the original Aborig-

nal inhabitants of this land. This study determines the nutritional

nd sensory profiles of three native Australian fruit that grow in

ast Arnhem Land and are eaten by the Yol ŋ u people. The green
Abbreviations: 10-CHO-PteGlu, 10-formylfolic acid; 5-CH 3 -H 4 folate, 5-methyltet

LPA, The Arnhem Land Progress Aboriginal Corporation; AOAC, Association of O

AR, Estimated average requirement; EDTA, ethylenediamine-tetracetic acid; EER, E

anisation; FW, Fresh weight; H 4 folate, tetrahydrofolate; HPLC, High performance l

pectroscopy; ICP-MS, Inductively coupled plasma mass spectrometry; ICP-OES, Indu

U, Measurement of uncertainty; NATA, National Association of Testing Authorities

nalysis; SIDA, Stable isotope dilution assay. 
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Fig. 1. Green plums ( Buchanania obovata ), red bush apple ( Syzygium suborbicu- 

lare ) and wild peach ( Terminalia carpentariae ) (left to right) from East Arnhem 

Land. 
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p  
ild peach ( Terminalia carpentariae ) is known as mamba n bu or murr ŋ ga

y the Yol ŋ u ( Yunupingu et al., 1995 ) and is eaten raw ( Fox et al.,

018 ; Hiddins, 2003 ; Levitt, 1981 ). All three fruit are popular and im-

ortant food sources and are said to be favoured fruit ( Fox et al., 2018 ;

evitt, 1981 ; Thomson, 1949b ) (see Fig. 1 ). 

There is growing interest by the Aboriginal peoples in Australia to

reate sustainable Indigenous agribusinesses. The Aboriginal people of

rnhem Land in Australia have a long history of trading with the Macas-

an people from Malay and Indonesia ( Flinders, 1814 ; Thomson, 1949a ,

949b ; Yunupingu et al., 1995 ) who traded pottery, knives, material,

obacco and other things for sea cucumbers (trepan) from the waters

round Arnhem Land ( Burarrwana et al., 2019 ; Yunupingu et al., 1995 ).

or a sustainable agribusiness to be established there needs to be in-

ormation about the food’s nutritional and sensory properties and an

nderstanding of ways that these foods can be used. These initial and

reliminary nutritional and sensory profiles are important to study to

urther understand the role these fruit could contribute to the diet and

ealth of those who eat them. Nutritional profiles are important for un-

erstanding the health benefits of food. There are many databases avail-

ble that contain nutritional profiles of commercially available fruit but

ery little is known about these three bush foods. Sensory studies of Aus-

ralian native foods are important as they can give reliable and meaning-

ul descriptions and product information about these unique ingredients

hich can be used in product design, to enhance brand elements and in

arketing communication ( Kemp et al., 2018 ). Sensory descriptions can

e used for promoting the use of these foods, for providing information

o the Indigenous communities and the food industry for applications of

hese ingredients and can be used as quality control targets ( Smyth et al.,

012 ). 

There has been one major sensory study of native Australian plant

oods which was successful in producing a flavour wheel and lexicon

 Smyth et al., 2012 ). This study used quantitative descriptive analysis

QDA) to evaluate 10 fruit and six herbs/spices with 11 experienced

anellists over 15 sessions. The fruit analysed were those considered to

e the most commercially significant of the Australian native fruit at

hat time. However, no updates of this flavour wheel and lexicon have

een performed since it was published in 2012 and other native fruit

ow being considered for commercialisation have not been scientifically

escribed. The fruit included in the flavour wheel study were two species

f Davidson plum, desert lime, two varieties of fingerlime, Kakadu plum,

emon aspen, muntries, quandong and riberrry. In another smaller study,

ve native plant foods and five herbal infusions of native Australian

eaves were described using free choice profiling which added a profile

f the Illawara plum to the native fruit knowledge ( Fyfe et al., 2018b ). 

In 1993 a book of tables of nutrition composition of many Australian

ative foods was published ( Brand Miller et al., 1993 ), it and its asso-

iated papers ( Brand et al., 1985 ; Brand et al., 1983 ) have formed the

asis for much of the study on Australian native foods. It was these

tudies that discovered the high levels of Vitamin C in the Kakadu Plum

 Brand et al., 1983 ) which led to further analysis and commercialisation

f the fruit by an Indigenous agribusiness ( Gorman et al., 2020 ). That

tudy also published basic nutritional profiles of the green plum, red

ush apple and wild peach, but instrumentation and methodology have
2 
ince greatly improved, and updated results using much more sensitive

ethods and for many more nutrients can now be obtained. The authors

f the present study have previously analysed nutritional properties of

nderripe green plums ( Fyfe et al., 2018a ) so a subsequent study of the

utritional profile on ripe green plums is necessary. 

The sensory analysis in the current study was able to obtain at-

ributes of the fruit to create reliable and meaningful verbal descrip-

ions of the sensory properties of these fruit as whole/bite sizes of fruit,

s a puree and as a freeze-dried powder ingredient that could be used

n other food products. A rapid sensory descriptive test was required

s there were only relatively small volumes of sample available and

imited access to the trained sensory panel due to COVID-19 safety re-

trictions. The sensory analysis method used was free choice profiling

 Hunter, 2018 ; Lawless et al., 1998 ). Free choice profiling has previ-

usly been used in sensory analysis of ham ( Guàrdia et al., 2010 ), cof-

ee ( Kitzberger et al., 2016 ; Narain et al., 2004 ), hop varieties for beer

roduction ( Donaldson et al., 2012 ), milk ( Miettinen et al., 2004 ), yo-

hurt ( Saint-Eve et al., 2004 ), and honey ( Vit et al., 2017 ). The use of

ree choice profiling to obtain sensory descriptions can be criticised as

he results can be subject to the desired interpretation of the researcher

 Lawless et al., 2010 ), so this analysis was purposefully aimed to be un-

iased in how representative attributes were chosen. The current study

ad significant limitations outside the control of the researchers, includ-

ng social/physical distancing requirements and lockdown time restric-

ions due to the COVID-19 pandemic, and there was difficulty in obtain-

ng enough sample volume of ripe fruit from their remote location to

erform a longer version of QDA. 

The Food and Agriculture Organisation (FAO) have previously la-

elled neglected and underutilised species that are nutritionally dense,

conomically viable, climate resilient and available locally and abun-

antly in their region as ‘future smart foods’ ( Li et al., 2018 ). These

oods could be used in food products to add diversity to diets to increase

he number of foods people eat and protect against persistent malnutri-

ion ( Li et al., 2018 ). The purpose of this study is to establish accurate

utritional and sensory profiles of the green plum, red bush apple and

ild peach to provide important information for the possibility of them

s future smart foods. This will help with understanding the nutritional

alue they already provide in the diet of the communities in East Arn-

em Land and will give information for the potential use of these fruit

n future commercialisation activities by this community and in future

ovel food products by the food industry. 

. Materials and methods 

.1. Samples 

The samples were harvested in East Arnhem Land in December 2018

nd January 2020 and were immediately frozen at -20°C. They remained

rozen through storage and transportation to Brisbane where they were

laced in -20°C freezers until further processing or analyses. Samples

ere collected by staff and members of The Arnhem Land Progress Abo-

iginal Corporation (ALPA) and the Gulkula Mining Company and sup-

lied to The University of Queensland under Northern Territory Parks

nd Wildlife Commission Permits 66293 and 64579. Samples were iden-

ified by the environmental officers at Gulkula Mining Company and

LPA and botanical samples of the green plum and wild peach were de-

osited at the Queensland Herbarium and identified as Buchanania obo-

ata (AQ952392) and Terminalia carpentariae (AQ952388) respectively.

he accepted names according to The Plant List are the green plum

s Buchanania obovata Engl. from the family Anacardiaceae, the red

ush apple as Syzygium suborbiculare (Benth.)T.G.Hartley & L.M.Perry

rom the family Myrtaceae and the wild peach as Terminalia carpen-

ariae C.T.White of the family Combretaceae which is an unresolved

ame ( The Plant List, 2013 ). 

Fruit for nutrient analysis and for sensory analysis as freeze-dried

owders had the seeds removed, the flesh with skin attached was cut
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nto pieces, and composite samples of the flesh and skin of each fruit

pecies were frozen to -80 °C then lyophilised together in a Christ

amma 1-16 LSC Freeze Drying Unit (John Morris Scientific, Osterode,

ermany) at -30 °C and 0.400 hPa. The samples for nutrient analysis

ere ground to a fine powder in a hammer mill (Lab Mill, Christy and

orris Ltd., Chelmsford, England) and the samples for sensory analy-

is were ground to a powder in a grinder (BCG200, Breville, Sydney,

ustralia), powders were frozen at -20°C until they were analysed. 

.2. Reagents 

L-Ascorbic acid, sodium chloride, disodium hydrogen orthophos-

hate and potassium dihydrogen orthophosphate were from Chem-

upply (Gillman, SA, Australia). 1,4-dithiothreitol (DTT) was from

oche (Basel, Switzerland). Sodium acetate trihydrate was from Merck

Darmstatdt, Germany). 2-(N-morpholino)-ethanesulfonic acid (MES)

as from Sigma-Aldrich (Steinheim, Germany). Strata SAX cartridges

ere from Phenomenex (Aschaffenburg, Germany). Folate vitamer stan-

ards and labelled isotope were from Merck (Schaffhausen, Switzerland)

nd Schircks Laboratories (Bauma, Swtizerland). Chicken pancreas was

rom Pel-Freez Biologicals (Rogers, AR, USA) and rat serum was from

io-Rad (Gladesville, NSW, Australia). Yoghurt was from Raybek Foods

Upper Coomera, QLD, Australia) and semolina was from Sostanza (De

asquale Bros, Ravinvic Enterprises Pty Ltd, Brisbane, QLD, Australia). 

.3. Proximate analysis 

Proximate analysis (excluding moisture content) was performed on

reeze-dried and ground samples by Symbio Alliance (Eight Mile Plains,

ueensland, Australia) which is a National Association of Testing Au-

horities (NATA) accredited laboratory that complies with ISO/IEC

7025:2017 using AOAC International official methods of analysis

 Horwitz et al., 1970 ) and accredited in-house methods. Moisture was

easured by gravimetric method (AOAC 925.10) with a measurement

f uncertainty (MU) of ± 15%; crude protein by Kjeldahl method (AOAC

90.03) and ash by gravimetric method (AOAC 923.03) with MU of ±
0%; total sugar was measured using HPLC (CFH001); dietary fibre us-

ng a gravimetric method (AOAC 985.29 and 993.19) and crude fat using

 gravimetric method (AOAC 991.36) with MU of ± 15%; and saturated

at, mono-unsaturated fat, poly-unsaturated fat and trans fat were mea-

ured by method CFH068, energy by CF030 and carbohydrate by CF029.

nergy and carbohydrate are calculated values. 

Moisture content was measured on pieces of fruit flesh using the

OAC method 920.151 (1990) in triplicate for each sample using a vac-

um drying oven (Series RVT, Heraeus, Berlin, Germany) at pressure

00 Torr and temperature 70 °C until samples reached constant weight.

.4. Analysis of metals, minerals and trace elements 

Analysis of metals, minerals and trace elements of the green plum

nd wild peach were analysed in triplicate using methods described

n Akter et al. (2020) and Carter et al. (2015) . Briefly, 0.3 g samples

ere digested overnight at room temperature using concentrated nitric

cid (4.0 mL), then microwave digested (MarsXpress, CEM, Matthews,

C USA) at a gradual increase in temperature. Minerals were analysed

y inductively coupled plasma optical emission spectrometry (ICP-OES,

00 Series, Agilent, VIC, Australia) and trace elements by inductively

oupled plasma mass spectrometry (ICP-MS) (Agilent, Tokyo, Japan).

tandard reference materials (CRM ERM – CE278k Mussel Tissue; CRM

RMM BCR-679 White Cabbage) were used for quality control and were

reated similarly to the samples. Details of the reference material anal-

sis has been described elsewhere ( Hungerford et al., 2020 ). 

Analysis of metals, minerals and trace elements of the red bush

pple were analysed at Symbio Alliance laboratories using NATA ac-

redited in-house methods. Sodium, potassium, calcium, magnesium,

hosphorous, iron and zinc were measured using inductively coupled
3 
lasma atomic emission spectroscopy (ICP-AES) (ESI02), and man-

anese, cobalt, nickel, copper and chromium were measured using ICP-

S (ESM02). Potassium, calcium, magnesium, phosphorous, nickel and

obalt had an MU ± 5% and sodium, zinc, iron, manganese, copper and

hromium had an MU ± 10%. 

.5. Vitamin C (Ascorbic Acid) analysis 

Vitamin C (Ascorbic Acid) (L-AA) was extracted following the

ethod published by ( Campos et al., 2009 ) with some modifications. In

rief, 200 mg of lyophilised fruit powder was extracted with 3% meta-

hosphoric acid, 8% acetic acid and 1 mM ethylenediamine-tetracetic

cid (EDTA). Dehydroascorbic acid (DHAA) in the samples was reduced

o L-AA using the method of Spínola et al. (2012) . Total vitamin C (L-

A + DHAA) was determined using a Waters ultra-performance liquid

hromatography photodiode array (UPLC-PDA) system (Waters, Mil-

ord, MA USA) with a HSS-T3 column (100 × 2.1 mm i.d; 1.8 μm; 25°C)

ith the mobile phase of aqueous 0.1% formic acid (0.3 mL/min) and

socratic conditions. Quantification was obtained by an external calibra-

ion curve of L-AA that was run with the samples. 

.6. Folate analysis 

Folate vitamers were measured in triplicate using a stable iso-

ope dilution assay (SIDA) and ultra-high performance liquid chro-

atography photodiode array – mass spectrometer/mass spectrome-

er (UHPLC-PDA-MS/MS) ( Striegel et al., 2018b ). Briefly, 60-90 mg

f lyophilised fruit powder was equilibrated with 10 mL of extrac-

ion buffer (200 mmol/L 2-(N-morpholino)-ethanesulfonic acid hydrate

MES), 114 mmol/L ascorbic acid, and 0.7 mmol/L DL-dithiothreitol

DTT), pH 5.0). Labelled isotopological internal standards were added at

ppropriated concentrations, [ 13 C 5 ]-PteGlu, [ 13 C 5 ]-H 4 folate, [ 13 C 5 ]-5-

H 3 -H 4 folate and [ 13 C 5 ]-5-CHO-H 4 folate. 300 μL of rat serum and 2 mL

f chicken pancreas suspension were added for enzyme deconjugation

nd incubated overnight before purification with strong anion-exchange

olid-phase extraction. Samples were analysed on a Shimadzu UHPLC-

DA-MS/MS system (Shimadzu Corp., Kyoto, Japan) that was equipped

ith a Shimadzu 8060 triple-stage quadrupole mass spectrometer and a

aptor ARC-18 column (2.7 μm, 100 × 2.1 mm) (Restek, Bad Homburg,

ermany). Multiple reaction monitoring in positive mode was optimized

o quantify individual folate vitamers and the labelled isotopes. Exter-

al calibration curves were used to quantify the folate vitamers based

n the peak area ratios of analysers versus internal standards. Folate

itamers analysed were the main folate vitamers found in food: pteroyl-

onoglutamic acid (PteGlu)(folic acid), tetrahydrofolate (H 4 folate), 5-

ethyltetrahydrofolate (5-CH 3 -H 4 folate), 5-formyltetrahydrofolate (5-

HO-H 4 folate) and 10-formylfolic acid (10-CHO-PteGlu). Results are ex-

ressed as μg/100g Folic Acid (FA) equivalents. 

.7. Sensory evaluation 

This study has Institutional Human Research Ethics Approval from

he University of Queensland Human Research Ethics Committee A and

omplies with the Australian National Statement on Ethical Conduct in Hu-

an Research and the regulations governing experimentation on humans

Approval Number: 2018001365). 

.7.1. Panellists 

A trained panel of 15 (12 female and 3 male) individuals participated

n the study, they were aged between 19 and 57 years with an average

ge of 39 years. The panellists were sourced from a pool of experienced

rained assessors who had previously been screened for sensory acuity

ccording to established methods ( Meilgaard et al., 2016 ) and were em-

loyed for participation in sensory evaluation studies at the Health and

ood Science Precinct at Coopers Plains, Brisbane. 
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.7.2. Sample presentation 

There were four sample formats presented and assessed for each fruit

y sensory evaluation in the study: unadulterated whole fruit (green

lums, 3 g) or pieces of fruit (5 g) in their natural form; purees of fruit

ulp (7 g); 2% freeze dried powder mixed in cooked semolina (10 g);

nd 2% freeze dried powder mixed in a natural yoghurt (17 g). Both car-

iers had previously been determined to be neutral carriers to be used

n sensory analysis ( Olarte Mantilla et al., 2020 ; Smyth et al., 2012 ). A

eference sample of each carrier was presented to the panellists along-

ide the samples so panellists could distinguish the attributes of the fruit

owder from the attributes of the carrier. Samples were presented in

0 mL plastic cups with lids that were labelled with three-digit blind-

ng codes. Random numbers between 1 and 999 were generated using

he random number generator on random.org https://www.random.org .

welve samples were presented at the same time along with the two ref-

rence samples. The samples were all presented twice, once each on two

onsecutive days. 

.7.3. Free choice profiling method 

Free choice profiling was used to articulate descriptions of sen-

ory qualities as a rapid method to obtain meaningful descriptions that

ould be used under social/physical distancing requirements (1.5 m)

 Lawless et al., 2010 ). 

Panellists were asked to elicit words to describe the qualities of

roma, appearance, texture, flavour and aftertaste of each sample. They

ere given a copy of a native plant food flavour wheel ( Smyth et al.,

012 ) as a reference vocabulary but were not restricted to that lexicon.

 panel discussion ensued after individual assessments of each set of

hree samples. 

.7.4. Data analysis 

Data from free choice profiling was analysed using Generalised Pro-

rustes Analysis to reach a consensus configuration of each descriptor

 Lawless et al., 2010 ). After completion of testing each descriptor used

as transferred to Microsoft Excel software spreadsheets (v 2013, Mi-

rosoft Corporation, Redmond, WA, USA), and descriptors were tallied.

he analyst grouped like words together into a single attribute which

est represented groups based on: the frequency of descriptor use; logi-

al lexicon representation of that group; and ensuring consistent vocab-

lary use across the different sample formats. The total for each attribute

as placed in numerical order and were used to write the descriptive

entences and sensory profile for each quality. Attributes for each fruit

ere compared using cobweb charts in Microsoft Excel to understand

he attribute similarities and differences across the types of sample pre-

entation. 

. Results and discussion 

Results for the nutrient analysis of the green plum, red bush apple

nd wild peach are presented in Tables 1–3 . These profiles are com-

rehensive lists of the proximates ( Table 1 ), macro-minerals, trace ele-

ents ( Table 2 ), vitamin C and folate vitamers ( Table 3 ) found in 100g

resh weight (FW) of these fruit flesh and skin. The tables also shows

he dietary reference intake values as advised by the National Health

nd Medical Research Council (2017) with values for a 31-50 year old

emale shown as an indicative value. 

The nutritional results show the green plum is a good dietary source

f potassium, calcium, magnesium, phosphorous, iron, dietary fibre and

olate. There are some differences between the results in this study of

he ripe green plums and results from a previous study on slightly un-

erripe green plums that were from a different location ( Fyfe et al.,

018a ). The protein is lower in the present study, with protein 1.69

/100g FW compared to 2.69 g/100g FW in the previous study. Fat is

lightly higher with 0.94 g/100g FW in the present study compared to

.53 g/100g FW. The level of dietary fibre is slightly lower in the present

tudy 9.5 g/100g FW compared with 11.571 g/100g FW, although both
4 
tudies show green plum is a good source of dietary fibre. The differ-

nce in ripeness can clearly be seen in the sugar levels which in the ripe

reen plums is 6.9 g/100g FW and in the underripe green plums was

.6 g/100g FW. The results for metals, minerals and trace elements are

onsistent with those of the under-ripe green plums ( Fyfe et al., 2018a )

nd those by Medley et al. (2016) who studied the green plum as a

lant. All three studies show the green plum is a very good source of

otassium (respectively and in dry weight (DW) for comparison: 1687,

274 and 1657 mg/100g DW) and is a good source of calcium (259, 426

nd 716 mg/100g DW), magnesium (278, 571 and 510 mg/100g DW),

hosphorous (62.8, 216.8 and 167 mg/100g DW) and iron (2.55, 3.8

nd 2.4 mg/100g DW) compared with the estimated average require-

ents of the dietary reference intakes published by the National Health

nd Medical Research Council (2017) . The high potassium level seen

n the green plum (511 mg/100g FW) is consistent with the potassium

n other fruit of the same family, Anacardiaceae ( Fyfe et al., 2020 ), in-

luding the marula (355 mg/100g FW) ( Jaenicke et al., 1999 ), sumac

526 mg/100g FW) ( Kizil et al., 2010 ), terebinth (762 mg/100g FW)

 Kizil et al., 2010 ), yellow mombin (288 mg/100g FW) ( Tiburski et al.,

011 ), ovo (250 mg/100g FW) ( Kozio ł et al., 1998 ), Burdekin plum (458

g/100g FW) ( Brand Miller et al., 1993 ) and the mango which has a

lightly lower level (168 mg/100g FW) ( USDA, 2019 ). 

This study also confirms that the green plum is a very good source of

olate in the ripe fruit. The previous study on under-ripe fruit discovered

he high level of folate (161 μg/100g FW) ( Fyfe et al., 2018a ) and al-

hough the result is not as high in the present study (118 μg/100g FW) it

till is higher than many other fruit and shows green plum is an excellent

ietary source of folate. The data confirms that the 5-CH 3 -H 4 folate is the

ain folate vitamer found in the green plum and that the fruit also con-

ains the folate vitamers H 4 folate and 5-CHO-H 4 folate in lower amounts.

he folate content is high enough that green plum could be classed as

 promising tropical fruit high in folate as it contains a higher amount

han mango (55.8-74.5 μg/100g FW), guava (91.0 μg/100g FW), pa-

aya (61.6-90.7 μg/100g FW) and jack fruit (52.9-83.6 μg/100g FW)

 Striegel et al., 2019 ) which all are classed as having high levels of fo-

ate. However, the level is still within the natural range and is lower

han the amount in passionfruit (136-271 μg/100g FW) ( Striegel et al.,

019 ) and in durian fruit (175-440 μg/100g FW) ( Striegel et al., 2018a ).

The red bush apple is a good source of dietary fibre and a good di-

tary source of sodium, calcium, manganese and copper ( Table 2 ). As a

resh fruit it is not as good a source of nutrients as either the green plum

r the wild peach, possibly because it has a higher moisture content and

ower solids content (12.2%). 

The wild peach is also a good source of dietary fibre and a good

ource of calcium. This fruit is particularly high in vitamin C and a good

ietary source of it. The Australian native food nutrition tables lists a

evel of 1995 mg/100g FW ( Brand Miller et al., 1993 ), which is slightly

ower but consistent with the level of 2040 mg/100g FW in this study.

he total vitamin C in the wild peach is very high for a fruit. The wild

each is in the same genus as the Kakadu plum ( Terminalia ferdinandi-

na ) which has even higher reported levels of vitamin C of up to 22 490

 5290 mg/100 g DW ( Konczak et al., 2014 ), which is double the level

f the wild peach in this study of 11 237 ± 1052 mg/100g DW. 

The sensory profiles for each of the three fruit in four sample pre-

entations are listed in Tables 4–6 , with each profile containing the de-

criptive vocabulary for the aroma, appearance, texture, flavour and af-

ertaste. For the presentations of the green plum ( Table 4 ) between 55

nd 113 descriptive words were used by panellists for each quality. For

he red bush apple ( Table 5 ) there were between 60 and 106, and for

he wild peach ( Table 6 ) there were between 60 and 105. Some of the

easons for the attributes used are evidenced by the nutrition results in

ables 1–3 , e.g. the sweet flavour from the sugar that is present. Some

ttributes for the freeze-dried powders come from the product they are

resented in, e.g. the flavour of dairy confection from yoghurt and the

ppearance of semolina from the semolina. Some puree attributes come

rom the process used to make the puree, such as lumpy or bitsy texture.

https://www.random.org
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Table 1 

Proximate results of green plums, red bush apple and wild peach from East Arnhem Land. Results are expressed 

in g/100g as mean ± standard deviation (n = 3) Fresh Weight (FW) for moisture content and result ± measurement 

of uncertainty FW for all else. Dietary reference intakes are those for a 31-50 year old female. 

Proximates (g/100g) Green Plum Red Bush Apple Wild Peach Dietary Reference Intake ( NHMRC, 2017 ) 

Protein 1.69 ± 0.17 0.46 ± 0.05 1.20 ± 0.12 37 g/day EAR 

Fat 0.94 ± 0.14 0.16 ± 0.02 0.27 ± 0.04 90 mg/day AI 

-Saturated fat 0.22 ± 0.03 0.05 ± 0.01 < 0.2 

-Mono-unsaturated fat 0.43 ± 0.06 0.01 ± < 0.01 < 0.2 

-Poly-unsaturated fat 0.29 ± 0.04 0.08 ± 0.01 < 0.2 

-Trans fat < 0.01 < 0.01 < 0.02 

Moisture 69.7 ± 0.9 87.8 ± 1.0 81.8 ± 1.3 

Ash 1.8 ± 0.2 0.7 ± 0.1 

Total sugar 6.9 ± 1.1 3.4 ± 0.5 6.0 ± 0.9 

Dietary fibre (total) 9.5 ± 1.4 6.5 ± 1.0 8.6 ± 1.3 25 g/day AI 

Available carbohydrate 16.4 4.3 no reference value 

Energy (kJ/100 g) 418 140 201 6.8 MJ/day EER 

na = not analysed, AI = adequate intake, EAR = estimated average requirement, and EER = estimated energy 

requirement. 

Table 2 

Minerals, trace elements and metals of the nutritional profile of green plums, red bush apple and wild peach from 

East Arnhem Land. Results are expressed in mg/100 g as mean ± standard deviation (n = 3) Fresh Weight (FW) 

except for the red bush apple minerals which are result ± measurement of uncertainty FW. Dietary reference 

intakes are those for a 31-50 year old female. 

Nutrient (mg/100g FW) Green Plum Red Bush Apple Wild Peach Dietary Reference Intake ( NHMRC, 2017 ) 

Macro-minerals 

Sodium 7.8 ± 0.1 35.1 ± 3.5 9.5 ± 0.1 460-920 mg/day AI 

Potassium 511 ± 22 173 ± 9 198 ± 5 2800 mg/day AI 

Calcium 79 ± 2 101 ± 5 57.7 ± 0.5 840 mg/day EAR 

Magnesium 84 ± 1 30 ± 2 27.6 ± 0.2 265 mg/day EAR 

Phosphorous 19.0 ± 0.4 9.5 ± 0.5 9.5 ± 0.1 580 mg/day EAR 

Trace elements 

Selenium < 0.01 na < 0.01 50 μg/day EAR 

Zinc 0.19 ± 0.0 0.11 ± 0.01 0.24 ± 0.01 6.5 mg/day EAR 

Iron 0.77 ± 0.25 0.28 ± 0.03 0.31 ± 0.03 8 mg/day EAR 

Manganese 0.09 ± 0.0 1.13 ± 0.1 0.26 ± 0.01 5 mg/day AI 

Copper 0.07 ± 0.0 0.60 ± 0.06 0.11 ± 0.0 1.2 mg/day 

Nickel 0.01 ± 0.0 0.06 ± 0.003 0.02 ± 0.0 no reference value 

Cobalt 0.01 ± 0.0 0.01 ± 0.001 0.01 ± 0.0 

Chromium 0.01 ± 0.0 0.07 ± 0.007 < 0.01 25 μg/day AI 

Vanadium < 0.01 na < 0.01 no reference value 

Boron 0.33 ± 0.01 na 0.36 ± 0.02 no reference value 

Molybdenum < 0.01 na < 0.01 34 μg/day EAR 

Strontium 0.58 ± 0.01 na 0.57 ± 0.01 

Barium 0.04 ± 0.0 na 0.04 ± 0.0 

Antimony < 0.01 na < 0.01 

Silver < 0.01 na < 0.01 

Aluminium 0.59 ± 0.21 na 0.25 ± 0.03 

Heavy metals 

Mercury < 0.005 na < 0.005 

Lead 0.02 ± 0.0 na < 0.01 

Cadmium < 0.005 na < 0.005 

Arsenic < 0.01 na < 0.01 no reference value 

na = not analysed, AI = adequate intake, EAR = estimated average requirement, 

Table 3 

Vitamin C and folate content of green plums, red bush apple and wild peach from East Arnhem Land. Results 

are expressed as mean ± standard deviation (n = 3) Fresh Weight (FW). Dietary reference intakes are those for a 

31-50 year old female. 

Nutrient Green Plum Red Bush Apple Wild Peach Dietary Reference Intake ( NHMRC, 2017 ) 

Vitamin C (mg/100g) 

L-AA 96 ± 1 1.6 ± 0.0 1711 ± 24 

DHAA 9.1 ± 0.0 3.4 ± 0.1 330 ± 168 

Total Vitamin C 105 ± 1.0 5.0 ± 0.1 2041 ± 192 30 mg/day EAR 

Folate (μg/100g as FA) 

PteGlu < LOD < LOD < LOD 

H 4 folate 0.25 ± 0.25 < LOD 1.0 ± 0.2 

5-CH 3 -H 4 folate 109 ± 7 0.9 ± 0.1 7.9 ± 0.5 

5-CHO-H 4 folate 8.5 ± 0.9 3.0 ± 0.1 6.8 ± 0.3 

10-CHO-PteGlu < LOD < LOD < LOD 

Total Folate 118 ± 8 3.8 ± 0.3 15.7 ± 0.4 320 μg/day EAR 

< LOD = less than the limit of detection, EAR = estimated average requirement 

5 
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Table 4 

Sensory profiles of green plum as whole fruit, as a puree and as an ingredient (freeze-dried powder) in semolina and 

yoghurt. Attribute order is from most frequent to least frequent for each quality. 

Sample Sensory description 

Green plum whole Aroma is fruity, pickled, sweet note, stewed apple and citrus with notes of fresh herbaceous 

and olive. 

Appearance is olive or pea-like, with a green/yellow colour, soft looking, glossy, slightly 

mottled and small. 

Texture is soft and velvety, with slightly chewy skin, with some dissolving and juicy and with 

a hard pip. 

Flavour is tart and sweet with some bush scrub, fruity and stewed apple. Aftertaste is tart 

fruity, slightly drying and sweet and has a clean finish. 

Green plum puree Aroma is fresh herbaceous, pickled, stewed apple, citrus and a sweet note with notes of olive, 

fruity, chemical and oily. 

Appearance is like mashed or smashed avocado and is glossy, a green/yellow colour and 

lumpy. 

Texture is bitsy, soft, slightly fibrous and velvety. 

Flavour is tart and of stewed apple with some fruity, spiced fragrant, sweet and herbaceous. 

Aftertaste is tart, fruity, drying with a clean finish and sweet. 

Freeze-dried green plum in 

semolina 

Aroma is of stewed apple and citrus with a sweet note, pickled and olive oil notes and is mild. 

Appearance is a pale green colour and is mashed, lumpy and consistent. 

Texture is pasty, sticky, velvety and bitsy. 

Flavour is of stewed apple, tart and citrus and is mild, sweet and herbaceous. Aftertaste is tart 

and is mild with some drying, slight bitter and sweet. 

Freeze-dried green plum in 

yoghurt 

Aroma is of stewed apple, citrus, a sweet note, dairy confection and a fruity note. 

Appearance is bitsy and is a pale green colour and glossy. 

Texture is bitsy and velvety with some dissolving and slight drying. 

Flavour is stewed apple and sweet with some citrus, fruity, dairy confection and herbaceous. 

Aftertaste is drying, sweet, tart, stewed apple, dairy confection, fruity and is mild. 

Fig. 2. Cobweb plots of the number of responses of each aroma (ar.) and flavour (fl.) attribute of (a) the green plum, (b) the red bush apple and (c) the wild peach 

as a comparison of the panellists attribute responses across each sample presentation for each fruit. 
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he descriptions in Tables 4–6 show the attributes in order of frequency

sed for that quality, with the order arranged from most to least fre-

uent. Further information about the aroma and flavour attributes of

ach fruit and a comparison of the number of responses from each pre-

entation is depicted in the cobweb plots in Fig. 2 . 

The cobweb plot in Fig. 2 shows for the green plum the aroma at-

ributes of sweet note, stewed apple and citrus are evident in all presenta-

ions and these score in the flavour of the green plum as sweet, stewed

pple, tart and citrus . The velvety texture of the green plum is evident in
6 
he whole fruit, the puree and in the yoghurt. The tart, sweet and drying

ftertaste attributes were described in all samples and the clean finish

as described in the whole fruit and the puree. 

The green plums are well liked by the Aboriginal communities

 Fox et al., 2018 ; Head, 2002 ) and are said to be an important food

nd one of the most popular ( Levitt, 1981 ). The fruit has been described

n bush food literature as being very sweet ( Fox et al., 2018 ) and as

our but pleasant ( Hiddins, 2003 ). Anecdotal feedback from the sensory

anel was very positive, and many of them said they especially liked it
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Table 5 

Sensory profiles of red bush apple as pieces of fruit, as a puree and as an ingredient (freeze-dried powder) in semolina 

and yoghurt. Attribute order is from most frequent to least frequent for each quality. 

Sample Sensory description 

Red bush apple pieces Aroma has a sweet note and is of apple, fruity, floral and raspberry with notes of woody, tart 

and oily and is mild. 

Appearance is of dark pink-red skin with creamy white flesh, similar to a red apple and it is 

juicy. 

Texture is initially juicy then subsequently dry and fibrous, chewy and tough with slight 

crunch and firmness. 

Flavour is sour, herbaceous and raspberry with notes of citrus, apple, sweet, bitter and floral. 

Aftertaste is sour and mild with clean, drying, herbaceous and bitter notes. 

Red bush apple puree Aroma has a sweet note and is of raspberry, tart, floral and woody with notes of chemical 

spiced tea and apple. 

Appearance is dark pink colour and it looks bitsy and mashed, similar to sorbet, and appears 

moist and dry. 

Texture is initially juicy then subsequently dry and is fibrous, hard to clear, chewy and bitsy. 

Flavour is sour with notes of floral, spiced tea, raspberry, bitter, apple, sweet, herbaceous and 

citrus. 

Aftertaste is sour, drying, hard to clear, clean and herbaceous. 

Freeze-dried red bush apple 

in semolina 

Aroma has a sweet note and is of spiced tea, floral and woody with notes of minty, raspberry 

and tart. 

Appearance is a pale pink colour and it looks mashed and dense. 

Texture is pasty, sticky, bitsy, smooth and drying. 

Flavour is sour, citrus, apple, spiced tea, raspberry, floral, herbaceous, sweet and has a bitter 

note. 

Aftertaste is drying sour, mild, sweet, hard to clear and clean. 

Freeze-dried red bush apple 

in yoghurt 

Aroma is mild with a sweet note and notes of dairy confection, raspberry, floral and apple. 

Appearance is a slight pink colour with separated liquid on top and it is glossy and bitsy. 

Texture is bitsy, powder and smooth. 

Flavour is sweet and of spiced tea, raspberry, apple and sour with notes of floral, citrus and 

herbaceous. 

Aftertaste is sweet and drying with some bitsy and notes of sour and raspberry. 

i  

A  

n

 

n  

i  

f  

s  

p  

t  

t  

s  

h  

g  

h  

t  

d  

i  

o  

i  

r  

r  

e  

P  

t

 

a  

a  

d  

a  

A  

a  

h  

v  

i  

i  

g  

o  

s  

s  

T  

a  

a  

T  

o  

s

n the yoghurt. The green plum could be a popular fruit with both the

boriginal communities who already eat it and with the wider commu-

ity in Australia. 

In the aroma of the red bush apple presentations the attributes sweet

ote, raspberry and floral were described in all presentations. Apple was

n all except for semolina and woody and tart were described in all except

or yoghurt. For the appearance of the red bush apple, the dark pink-red

kin and the creamy white flesh combine in the puree to become a dark

ink colour and as a freeze-dried ingredient it gives a pale pink colour

o the semolina and a slight pink colour in the yoghurt. The texture of

he pieces and puree are both initially juicy and then they become sub-

equently dry and fibrous . The red bush apple moisture content is very

igh at 87.8% which gives the initially juicy and the fibre content is 6.5

/100g ( Table 1 ). A future study of the red bush apple to understand

ow the structure of the flesh relates to this interesting and very unusual

exture profile could be of interest. The texture could well relate to the

rying that was described in the aftertaste of all the presentations. The

nitially juicy could also be related to the separated liquid that was seen

n the top of the yoghurt samples. It would be of interest to understand

f there is something in the red bush apple that causes the juice to sepa-

ate from the fibre and the yoghurt. Some panellists suggested that the

ed bush apple could be used as a juice and it could be that the juice can

asily be separated from the fibre to be used for its flavour attributes.
7 
anellists also commented how much they liked the red bush apple in

he yoghurt. 

Fig. 2 shows the flavour sour scored higher in the red bush apple than

ll other attributes in the pieces, puree and semolina and is also used

s an attribute in the yoghurt. Red bush apples have previously been

escribed in bush food literature as being fairly sharp ( Fox et al., 2018 )

nd as having a crisp texture and a slightly acidic taste ( Hiddins, 2003 ).

s an ingredient in yoghurt and semolina the sour did not score as high

s when the product was in pieces or as a puree. All of the presentations

ad flavours of raspberry, citrus, apple, sweet, floral and herbaceous , with

arying scores in the different presentations. Spiced tea was described

n the puree, semolina and yoghurt and low scores of bitter were noted

n all except the yoghurt. The riberry, Syzygium leuhmanii is in the same

enus as the red bush apple, is also native to Australia and has previ-

usly been described as having a flavour of ‘ tart and astringent with some

weetness ’. Its aroma also includes sweet spiced tea which is described as

pices, cloves, cardamom, cinnamon and chai tea ( Smyth et al., 2012 ).

he Davidson plum has been described as a flavour of intensely tart and

stringent ( Smyth et al., 2012 ) and is now commercialised as a bush food

nd is available in a number of gourmet products including ice-cream.

he red bush apple could possibly be used commercially in similar types

f products as what the riberry and Davidson plum are already used and

old in. 
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Table 6 

Sensory profiles of wild peach as pieces of fruit, as a puree and as an ingredient (freeze-dried powder) in semolina and 

yoghurt. Attribute order is from most frequent to least frequent for each quality. 

Sample Sensory description 

Wild peach pieces Aroma is fruity, herbaceous, olive and chemical with notes of deli meat, musty, citrus and 

floral. 

Appearance is dry, it is an olive green colour and has leathery skin and soft flesh and the skin 

is furry and mottled. 

Texture is chewy with tough skin and is slimy, dry, rubbery, hard to break down, has soft 

flesh and is furry. 

Flavour is bitter, sour and herbaceous with notes of citrus and astringent. Aftertaste is bitter 

with some astringent, sour, drying, herbaceous and slimy mouthcoat. 

Wild peach puree Aroma is herbaceous, olive, fruity and chemical with notes of citrus and deli meat. 

Appearance is like mashed avocado and is fibrous, olive green colour, dry and bitsy. 

Texture is dry, slimy, bitsy, fibrous, thick, chewy and hard to clear. 

Flavour is bitter, sour, herbaceous and astringent with notes of apple and olive. 

Aftertaste is bitter, astringent and herbaceous with a slimy mouthcoat and drying. 

Freeze-dried wild peach in 

semolina 

Aroma is like semolina and is herbaceous and savoury with notes of olive, chemical, citrus 

and fruity. 

Appearance is a pale green/grey colour and is bitsy, mashed, dry and looks like semolina. 

Texture is thick, sticky, drying, slimy and bitsy. 

Flavour is bitter, herbaceous and sour, and is mild with notes of citrus and apple. 

Aftertaste is sour, drying, bitter, hard to clear, astringent, herbaceous and has a slimy 

mouthcoat. 

Freeze-dried wild peach in 

yoghurt 

Aroma is of dairy confection with some citrus and is mild with a sweet note and notes of 

herbaceous and fruity. 

Appearance is bitsy, is a pale green/grey colour and it looks glossy and thick. Texture is bitsy 

and is thick, fibrous and sticky. 

Flavour is herbaceous, citrus, slight bitter and apple with notes of sweet and savoury. 

Aftertaste is herbaceous, bitter, astringent, drying, throat catching, sour and a slimy 

mouthcoat. 
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The overwhelming attribute of the wild peach was that it was bitter

n flavour and aftertaste. It scored high in sour in its flavour although

his attribute scored lower in the semolina and yoghurt. The panellists

escribed the texture as both dry and slimy which appear to be contradic-

ory to each other but may come from separate parts of the peach such

s the skin and the flesh. The taxonomically related Kakadu plum, which

as very high vitamin C content, is also native to Australia and has been

ommercialised as an Indigenous agribusiness ( Gorman et al., 2020 ).

he flavour of the Kakadu plum is tart and bitter with a strong stewed

ruit flavour intensity as an unadulterated fruit puree ( Smyth et al.,

012 ). Comparatively, the wild peach puree flavour is bitter, sour, herba-

eous and astringent with notes of apple and olive , which is similar to the

akadu plum in its sour and bitter attributes. The high vitamin C levels

nable the Kakadu plum to be used as a natural food preservative in

he food industry in Australia including as a preservative dip for prawns

 Sultanbawa, 2016 ). It is also used as food supplements, in skin products

nd as an ingredient in gourmet bush foods ( Konczak et al., 2014 ). The

ild peach is also a good source of vitamin C, however, the overwhelm-

ng bitter taste may be a hindrance to its use in food products. Further

tudies of the antimicrobial and antioxidant properties of the wild peach

hould be done to determine if it could also be used as a natural preser-

ative, and subsequent sensory analysis at the levels required for these

roperties would be warranted to determine if the bitter flavour is still

etectable. The wild peach is said to have been gathered from under

he tree, on the ground, and tastes like a partially ripe peach ( Fox et al.,
8 
018 ; Levitt, 1981 ). It has previously been described as sour but be-

omes agreeable after eating a few ( Hiddins, 2003 ). It is possible that

he ones used in this analysis were under-ripe as they were harvested

rom the tree, not from the ground under it. 

These three fruit fit the description that FAO use to describe ne-

lected and underutilised species as ‘future smart foods’ ( Li et al., 2018 ).

he interesting and unique sensory profiles, the high levels of key nutri-

nts and their abundant growth in East Arnhem Land suggests that these

oods could be used as ‘future smart foods’, and the green plum and red

ush apple as future flavours. We designate them as future flavours be-

ause they are not yet commercialised, yet they have the potential to be

ommercialised as sustainable agribusinesses and to be a desired food

ngredient. 

. Conclusions 

The results show that the green plum is a particularly good source

f folate (118 ± 8 μg/100g FW as folic acid equivalents), and wild

each is a valuable source of vitamin C (2041 ± 192 mg/100g FW).

ll three fruit are good sources of dietary fibre (green plum 9.5 ± 1.4,

ed bush apple 6.5 ± 1.0 and wild peach 8.6 ± 1.3 g/100g FW), with

00 g of each fruit making a significant contribution to the adequate

ntake of fibre. The green plum is a very good source of potassium

511 ± 22 mg/100g FW) and is also a good source of calcium (79

 2 mg/100g FW), magnesium (84 ± 1 mg/100g FW), phosphorous
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19.0 ± 0.4 mg/100g FW) and iron (0.77 ± 0.25 mg/100g FW). The red

ush apple is a good source of sodium (35.1 ± 3.5 mg/100g FW), calcium

101 ± 5 mg/100g FW), manganese (1.13 ± 0.1 mg/100g FW) and cop-

er (0.60 ± 0.06 mg/100g FW), and the wild peach is a good source of

alcium (57.7 ± 0.5 mg/100g FW). The green plum and red bush apple

oth have interesting and unique sensory descriptions and elicited many

ositive responses from the panellists, especially in the yoghurt presen-

ations. The green plums flavour is sweet, tart and stewed apple and the

ed bush apples is sour, raspberry, citrus, apple, sweet, floral, herbaceous

nd spiced tea . The sensory results show the flavours of green plum and

ed bush apple could be used in novel food products, as they are nat-

ral, unique and well liked. These three fruit all show different and

nique nutritional and sensory profiles which show they have potential

or commercialisation in a sustainable Indigenous agribusiness, which

ould give employment opportunities to remote Aboriginal communities

hrough food industry uptake and use in novel future food products. 
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