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Polyphenols are vital bioactive constituents that have beneficial effects on human health. The aim of this study
was to characterize the biologically active phenolic metabolites in Australian native commercial fruits (Kakadu
plum, Davidson’s plum, quandong peach, and muntries) and their antioxidant, a-glucosidase, and acetylcho-
linesterase inhibition activities. Polyphenols were measured through total phenolic content (TPC), total flavo-

Muntri
Polil;pr}llf;ols noid content (TFC), total condensed tannin (TCT), and total monomeric anthocyanin content (TMAC). Moreover,
Flavonoids different in-vitro biological assays (DPPH, ABTS, FICA, OH-RSA, a-glucosidase, and acetylcholinesterase inhi-

bition activities) were conducted to measure the antioxidant, anti-diabetic, and anti-Alzheimer’s potential of
these selected fruits. LC-ESI-QTOF-MS/MS was implied for identification and quantification purposes. In this
study, a total of 307 bioactive metabolites (51 phenolic acids, 194 flavonoids, 15 tannins, 23 other polyphenols,
5 stilbenes, 12 lignans, and 7 terpenoids) were putatively identified. A total of 41 phenolic compounds were
quantified/semi-quantified. Kakadu plum was identified with a higher concentration of polyphenols and bio-
logical activities compared to Davidson plum, quandong peach, and muntries. Molecular docking was also
conducted to discover the actual role of the most abundant phenolic metabolites in the a-glucosidase and

Human health
LC-ESI-QTOF-MS/MS

acetylcholinesterase inhibition activities.

1. Introduction

Plants have formed the basis of traditional medicine systems that
have been in existence for thousands of years. In recent decades, the
interest has increased in discovering the nutritional, nutraceutical, and
therapeutic constituents of more than 300 Australian native fruits and
medicinal plants (Sakulnarmrat & Konczak, 2012). Phytochemicals,
including polyphenols, are the secondary plant metabolites abundantly
found in fruits, vegetables, fruits, spices, and medicinal plants. They
show a positive impact on human health when interacting with living
tissues. Phenolic compounds are a diverse class of bioactive metabolites,
including phenolic acids, flavonoids, lignans, stilbenes, coumarins,
phenolic terpenes, tyrosols, and other polyphenols (Ali, Bashmil, et al.,
2021). In polyphenols, flavonoids (anthocyanins, flavanols, flavonols,
flavanones, flavones, chalcones, and dihydroxy chalcones) are the most
abundant phenolic compounds in nature (Tsao, 2010). Nutritionists
suggest that polyphenols-rich fruits and vegetables can inhibit or lower

the risk of cardiovascular diseases, chronic inflammation, degenerative
diseases, and various cancers in the human body (Tsao, 2010). Poly-
phenols are the main antioxidant compounds that can neutralize the free
radicals in the body. The 3-hydroxy groups and highly conjugated sys-
tem of polyphenols make them more potent antioxidant constituents in
the biological system. They have strong radical scavenging capacity and
metal chelation ability. Anthocyanins are the colored pigments that
contribute mainly to the blue, purple, and red colors in fruits and veg-
etables. They have antioxidant activity (Kalt et al., 2020), anti-
inflammatory activity (Rossi et al., 2003), antidiabetic activity (Jan-
kowski et al., 2000), anti-cancer activity (Hou, 2003), neuro- and car-
dioprotective activities (Youdim et al., 2000). The structure and electron
deficiency make them more reactive towards reactive oxygen species
(ROS) which is the base for potent health benefits (Martin et al., 2017).
Anthocyanins are water-soluble and stable in highly acidic conditions
(Dangles & Fenger, 2018). There are several factors that are required to
improve the extraction efficiency of anthocyanins. For example, solvent
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to sample ratio, solvent type, time, and temperature for extraction are
critical factors for the extraction of these pigments. The reaction activity
of anthocyanins decreased with long storage, at high temperature, and
with repeated freeze-thaw cycles over the time period.

Excessive production of ROS and reactive nitrogen species (RNS) in
the body ultimately causes oxidative stress which is also the leading
cause of many different pathological conditions including Alzheimer’s
disease and diabetes. Alzheimer’s disease is one of the leading causes of
death among old people around the world (Mahmudov et al., 2022).
Therefore, the inclusion of antioxidants can minimize or neutralize the
free radicals in the biological system. The use of natural phytochemicals,
mainly phenolic compounds, as antioxidants in traditional and modern
therapy has gained much interest as an alternative to synthetic antiox-
idants. For many decades, it has been generally proven that fruits and
medicinal plants inhibit or minimize the prevalence of chronic diseases
in the human body. These plants contain bioactive metabolites that have
a positive impact on human health. The bioactive metabolites, including
carotenoids, terpenoids, vitamins, and phenolic compounds have the
potential to lessen the risk of cardiovascular diseases, multiple types of
cancers and neurodegenerative disorders.

The emerging interest in the food supply required detailed analytical
identification, characterization, and quantification of these pigments to
collectively understand their role in food and human health. Previously,
a few studies were conducted for the characterization and identification
of phenolic compounds from selected Australian native fruits by (Tan
et al., 2011a, 2011b) and Konczak et al. (2010b), but comprehensive
profiling of these fruits was still lacking due to the complex nature of
phenolic and non-phenolic metabolites, and expense and non-
availability of commercial standards. The main objective of this study
was an in-depth screening of Australian native commercial Kakadu
plums, Davidson plum, quandong peach and muntries for phenolic
compounds and their biological activities. To do this, the phenolic
contents in Kakadu plum (family; combretaceae), Davidson plum
(family; cunoniaceae), quandong peach (family; santalaceae) and
muntries (family; myrtaceae) were measured through total phenolic
content (TPC), total flavonoid content (TFC), total condensed tannins
(TCT) and total monomeric anthocyanin content (TMAC) while the
antioxidant potential was measured through 2,2’-azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS) assay, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) assay, ferric ion chelating assay (FICA) and hydroxyl
radical scavenging assay (*OH-RSA). Anti-diabetic and anti-Alzheimer
potential was measured through the a-glucosidase and acetylcholines-
terase (AChE) inhibition activities. Moreover, liquid chromatography —
electrospray ionization — quadrupole time of flight — mass spectrometry
(LC-ESI-QTOF-MS/MS) was used to identify and quantify the anthocy-
anins and non-anthocyanin phenolic compounds. The study will further
explore the utilization of these Australian native fruits as a potential
source of polyphenols in different industries including functional foods,
pharmaceuticals, nutraceuticals and cosmetics due to their antioxidant,
anti-diabetic and anti-Alzheimer potential.

2. Materials and methods
2.1. Chemicals and reagents

Analytical, HPLC, and LC-MS grade chemicals were used in this
study. Folin-Ciocalteu reagent, gallic acid, sodium carbonate,
aluminium chloride, hydrated sodium acetate, quercetin, vanillin, sul-
furic acid, L-ascorbic acid, iron(IIl) chloride hexahydrate (Fe[III]
Cl3-6H20), ABTS, potassium persulfate, potassium ferrocyanide (III),
trichloroacetic acid (TCA), ferric chloride, sodium phosphate dibasic
heptahydrate (NagHPO4-7H20), sodium phosphate monobasic mono-
hydrate (NagHPO4-H20), hydrochloric acid (HCI), trisodium phosphate,
iron (II) sulfate heptahydrate, ferrozine, ethylenediaminetetraacetic
(EDTA), 3-hydroxybenzoic acid, 5,5'-dithiobis-2-nitrobenzoic acid
(DTNB), acetylcholine (ATC)), tacrine, rat intestinal powder, phosphate
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buffer saline (pH 7.4), acarbose and p-nitrophenyl-a-D-glucopyranoside
(pPNPG) were purchased from Sigma Aldrich. Sodium carbonate anhy-
drous and hydrogen peroxide (H202) 30% were purchased from Chem-
Supply Pty Ltd. (Adelaide, Australia). LC-MS grade formic acid
(98-100%) were used for LC-MS analysis.

2.2. Samples collection and preparation

The freeze dried Australian native commercial fruits were purchased
(at two different times) from the Australian Superfood Co
(https://austsuperfoods.com.au). The method of Solomakou et al.
(2022) was used to extract bioactive metabolites from the Australian
native fruits with modifications. The bioactive compounds were
extracted from fruits using a 1/20 (w/v) sample to solvent ratio with
80% methanol in 1% formic acid in triplicate. Briefly, samples were
extracted at 150 rpm and 4 °C for 2 h in an orbital shaker (ZWYR-240)
and centrifuged at 8000 x g for 20 min and the supernatant was
collected. Same extraction process was repeated for 2nd and 3rd time in
the orbital shaker and centrifuged. All the pooled supernatants were
mixed and concentrated using a rotary evaporator at 40-50 °C under
vacuum. The concentrated extracts were centrifuged again, filtered
through a 0.45 pm syringe filter, and stored at — 20 °C for further LC-MS
and antioxidants analysis within a week. Moreover, the left-over extract
was freeze dried for 72 h and stored at — 20 °C for a-glucosidase and
AChE inhibition activities.

2.3. Measurement of phenolic contents in Australian native fruits

2.3.1. Total phenolic content (TPC)

The estimation of total phenolic content was carried out by following
the method of Ali, Wu, et al. (2021) while all tests were performed in
triplicate. A 25 pL of each phenolic extract was mixed with 25 L Folin-
Ciocalteu (F-C) reagent (25%, v/v) and 200 pL water in a 96-well plate
and incubated for 5 min before the mixing of 25 pL 10% sodium car-
bonate. The mixture was incubated for 1 h at room temperature in the
dark and absorbance was recorded at 765 nm. Results were expressed as
milligram of gallic acid (0-200 pg/g) equivalents per gram sample (mg
GAE/g).

2.3.2. Total flavonoid content (TFC)

TFC was quantified by following the method of (Suleria et al., 2020).
Briefly, using phenolic extract of 80 uL in a 96-well plate followed by
shaking after adding 80 pL. amount of aluminium chloride solution (2 %)
and sodium acetate of 120 uL (50 g/L). The reaction mixture was then
retained in dark for 2.5 h at 25 °C. The absorbance was measured at 440
nm and all samples were analyzed in triplicate. The standard curve
(0-50 pg/mL of quercetin was generated (R2 = 0.999) and results were
presented as mg QE/g.

2.3.3. Total condensed tannins (TCT)

The TCT was performed by following the method of Ali, Wu, et al.
(2021) with modifications. A sample solution of 25 pL. was used and
mixed with 150 pL of vanillin solution (4%). After that, 25 pL of 32%
H,S0,4 was added into the mixture. It was then incubated for 15 min at
25 °C. The absorbance was read at 500 and the standard curve of cate-
chin (0-1000 pg/mL) was generated while results were presented as mg
CE/g.

2.3.4. Measurement of total monomeric anthocyanin content (TMAC)
Total monomeric anthocyanin content was measured by following
the method of Rafi et al. (2018) and Inacio et al. (2013) after modifi-
cations into 96-well plate method. Two buffers (0.025 M potassium
chloride of pH 1.0 and 0.4 M sodium acetate of pH 4.5) were prepared. A
50 pL of the extract was added in 150 pL of each buffer and placed at
room temperature in dark for 30 min. After the said period, absorbance
was recorded at 520 nm and 700 nm through a spectrophotometer.
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TMAC was measured as cyanidin 3-glucoside (mg/g) equivalents by
following the given equation.

TMAC(mg/g) = A x MW x DF/e x 1

Where A = (A510 — A700 nm) pH 1 — (A510 nm — A700nm) pH 4.5;
MW = 449.2 g/mol; DF = dilution factor; ¢ = extinction coefficient of
cyanidin-3-glucoside (26,900 L/cm mol).

2.4. Biological activities

2.4.1. Measurement of antioxidant potential

The antioxidant activity was quantified by the free radical-
scavenging effect on the DPPH radical with few modifications, against
a standard curve of 0-50 pg/mL ascorbic acid (CcHgOg). The methods of
Peng et al. (2019) and Sharifi-Rad et al. (2021) were used for DPPH and
ABTS assays. A 20 L extract was added in 275 pL of 0.1 M methanolic
DPPH dye and incubated for 30 min in dark and absorbance was
measured at 517 nm while a 10 pL of the phenolic extract was mixed
with 290 pL. ABTS dye and absorbance was measured at 734 nm after the
incubation of 6 min in dark. The FICA and *OH-RSA assays were con-
ducted by following the methods of Bashmil et al. (2021) and Chou et al.
(2021). For FICA, a 15 pL of the phenolic extract was mixed with 85 pL
water, 50 pL of 2 mM ferrous chloride (diluted with water 1:15 v/v) and
50 pL of 5 mM ferrozine (diluted with water 1:6 v/v) and incubated for
10 min at room temperature in dark before the measurement of absor-
bance at 562 nm. EDTA was used as a reference standard. For “OH-RSA
assay, a 50 pL of each phenolic extract, 6 mM FeSO4-H20 and 6 mM
H20; mixed and incubated at room temperature for 10 min. Then, 50 pL
of 6 mM 3-hydroxybenzoic acid was added and absorbance was
measured at 510 nm. Ascorbic acid was used as a reference standard.

2.4.2. Measurement of acetylcholinesterase (AChE) inhibition activity

The acetylcholinesterase inhibition activity of Australian native
fruits was measured by following the method of Leonard et al. (2021)
with some modifications. 100 pL of 50 mM Tris-HCI buffer (pH 7.8), 20
pL extract solution, and 20 pL of AChE solution (from Electrophorus
electricus, 5 units/mL) were added together in 96-well plates and
incubated for 30 min at room temperature in dark. Then, 40 pL of 3 mM
5,5’ -Dithiobis-2-nitrobenzoic acid (DTNB) and 20 pL of 15 mM acetyl-
choline iodide (ATCl) were successively mixed in each well. The
absorbance of the reaction mixture was monitored through Varioskan
LUX at 405 nm.

Acetylcholinesterase inhibitory activity was expressed as % inhibi-
tion at 1 mg/ml using the formula.

Asample — Asamplebackground

Inhibition% = x 100

" Acontrol — Acontrolbackground

Where Asample was the absorbance of the extract, Asampleback-
ground was the absorbance with buffer replaced by enzyme, Acontrol
was the absorbance of blank sample with methanol, and Acon-
trolbackground was the absorbance of methanol and buffer instead
enzyme. Tacrine at 1 mg/mL was used as a reference drug.

2.4.3. Measurement of a-Glucosidase inhibition activity
Alpha-glucosidase enzyme solution was prepared from the intestinal
acetone powder by following the method of Xiong et al. (2020). Briefly,
one gram of intestinal acetone powder was added in 25 mL potassium
phosphate buffer (0.12 M with 1% NaCl of pH 6.8). Mixture was soni-
cated for 3 min at 50 Hz by a Q55 sonicator (Qsonica, CT, USA). After
that the mixture was centrifuged at 4000x g at 4 °C for 30 min. The
supernatant was collected and further centrifuged at 14000x g for 20
min. The collected supernatant was stored in a freezer at — 20 °C and the
assay was completed within two days. The protein content of the
a-glucosidase (4.99 + 0.27 mg/mL) was measured using bovine serum
albumin as protein standard through the Bradford assay. Alpha
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glucosidase inhibition assay was conducted by following the method of
Xiong et al. (2020) and Elwekeel et al. (2022) after modifications. To do
this, 90 pL potassium phosphate buffer (0.12 M, pH 6.8) and 20 pL of
phenolic extract were mixed in a 96 well plate. Then, 20 pL of alpha
glucosidase solution was added and incubated at 37 °C for 25 min. After
the incubation period, 20 pL of 25 mM pNPG solution was mixed and
incubated for 30 min at 37 °C. Then 70 pL dimethyl sulfoxide (DMSO)
was added to dissolve the precipitates and absorbance was measured at
405 nm. The inhibition of a-glucosidase was determined using the same
formula used of AChE inhibition activity in triplicate. Acarbose at a rate
of 1 mg/mL was used as a reference drug.

2.5. LC-MS/MS identification and quantification of individual phenolic
metabolites

LC-ESI-Q-TOF-MS/MS (Accurate-Mass Q-TOF LC/MS Agilent 6520)
equipped with Agilent HPLC 1200 series was used for the analysis of the
untargeted phenolic metabolites from Australian native Kakadu plum,
Davidson plum, quandong peach and muntries by following the method
of Ali, Bashmil, et al. (2021). The screening of the phenolic extracts was
conducted using a Synergi 4 pm Hydro-RP 80 A LC column (250 x 4.6
mm) protected with C18 ODS (4.0 x 2.0 mm) guard column (Phenom-
enex, Torrance, California, United States). An aliquot of 20 pL from each
phenolic extract was injected while the flow rate of mobile phase A
(0.1% formic acid in Milli-Q water) and mobile phase B (0.1% formic
acid in acetonitrile) was 600 pL/min with the following gradient; 0-10
min (10-20 % B), 10-20 min (20-25% B), 20-30 min, (25-30% B),
30-40 min (30-45% B), 40-50 min (45-60% B), 50-65 min (60-90% B),
65-67 min (90-100% B), 67-68 min (100-10% B) and 68-70 min (10%
B). The following LC conditions: scan mode 50-1300 amu, capillary
voltage (3500 V), nitrogen gas flow rate (9 L/min) at 325 °C, nebuli-
zation 45 psi and collision energies (10, 20 and 40) were used in auto
MS/MS mode. Agilent MassHunter Workstation Software Quality
Analysis (version B.06.00) was used for the identification and charac-
terization of phenolic metabolites with the help of Personal Compounds
Database and Library (PCDL) for metabolites, PubChem
(https://pubchem.ncbi.nlm.nih.gov), Human Metabolome Database
(https://hmdb.ca) and FooDB (https://foodb.ca). All the samples were
repeated in duplicate and a total of 41 phenolic compounds were semi-
quantified in this experiment. MS/MS spectra of 40 commercial stan-
dards were also acquired in this experiment. A mixture of 26 commercial
standards was used to generate equations through LC-MS/MS.

2.6. Molecular docking

Molecular docking was conducted to investigate the actual role of
abundant individual metabolites of Australian native fruits towards
a-glucosidase and acetylcholinesterase inhibition activities by following
the methods of Anil et al. (2022) and (Ali et al., 2022). All the structures
of the selected compounds were prepared in ChemDraw (version 12.0.2)
while the X-ray crystallographic structure of human acetylcholines-
terase in complex with tacrine (PDB ID: 7E3I) and structure of human
lysosomal acid alpha-glucosidase in complex with acarbose (PDB ID:
5NN8) were directly obtained from the Protein Data Bank
(https://www.rcsb.org). Molecular docking was conducted in Schro-
dinger (https://www.schrodinger.com) based Maestro software (version
11.2). The optimization process was completed through the addition of
hydrogen atoms, deletion of water molecules, completion of bond or-
ders, assignment of hydrogen bonds and fixed the potential of receptor
atoms and energy minimization using the OPLS_2005 force field. Grid
box dimensions were centroid and 20 A from each side. Scaling factor
(1.0) and partial charge cutoff (0.25) were used as preset in the software.
Other default parameters were used for receptor grid preparation and
molecular docking. All compounds were docked into the active site of
proteins 7E3I and 5NN8 using the extra precision (XP) docking mode of
the ‘glide’ program.
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2.7. Statistical analysis

XLSTST-2019.1.3 was used for biplot analysis while Minitab Pro-
gram for Windows version for One-Way Analysis of Variance (ANOVA)
followed by Tukey’s Honestly Significance test.

3. Results and discussion

3.1. Measurement of total phenolic content, total flavonoid content, total
condensed tannins, and total monomeric anthocyanin content

The interest in the measurement of polyphenols has increased due to
their health benefits. We studied Kakadu plum, Davidson plum, Mun-
tries and quandong peach for their total phenolic content (TPC), total
flavonoid content (TFC), total condensed tannins (TCT), and total
monomeric anthocyanin content (TAC) Table 1.

The level of phenolic content varied from 23.04 to 74.84 mg GAE/g
in selected Australian native fruits (Table 1). The TPC of Kakadu plum
(74.84 + 4.28 mg GAE/g, p < 0.05) was significantly higher than the
other fruits, followed by quandong peach (42.85 + 0.39 mg GAE/g),
Davidson plum (23.04 + 1.19 mg GAE/g) and muntries (23.04 + 1.19
mg GAE/g), respectively. The higher TPC of Kakadu plum was also re-
ported by Tan et al. (2011a) and Konczak et al. (2010b) compared to
other native fruits. Furthermore, Sommano et al. (2013) also quantified
TPC 3.08 mg GAE/g in Kakadu plum which is very low compared to the
present TPC . The TPC of quandong peach is also comparable to
Australian-grown thyme (43.16 mg/g), basil (39.91 mg/g) and sage
(47.62 mg/g) reported by Ali, Bashmil, et al. (2021). The TPC of these
Australian native fruits was found higher than Australian native finger
lime, tamarind, and mountain pepper reported by (Caceres-Vélez et al.,
2022). Interestingly, the highest total flavonoid content (20.63 + 0.30
mg QE/g) was quantified in quandong peach followed by Kakadu plum
(16.07 + 0.74 mg QE/g) while the least total flavonoid content was
measured in Davidson plum (3.12 + 0.76 mg QE/g) and muntries (3.52
+ 0.04 mg QE/g). Previously, the higher TFC value was measured in
purified Davidson plum extract compared to quandong peach (Sakul-
narmrat et al., 2014). The TFC value of Davidson plum and quandong
peach was comparable to rosemary and mint (Ali, Bashmil, et al., 2021)
which have been reported to have highly abundant phenolic contents.

The highest TCT value was measured in Davidson plum (5.34 + 0.91
mg CE/g) while the least TCT was quantified in muntries (1.25 &+ 1.99
mg CE/g). Previously, no study was conducted to quantify the
condensed tannins in these Australian fruits. The TCT value was com-
parable to pears (Wang et al., 2021), raspberries and strawberries
(Subbiah et al., 2020) while the TCT of Kakadu plum, Davidson plum
and quandong peach are comparable to Australian-grown thyme,
oregano, rosemary, sage, bay, parsley and fenugreek (Ali, Bashmil, et al.,

Table 1
Measurement of phenolic contents in Australian native fruits.
Variables TPC TFC TCT TMAC
(mg GAE/g) (mg QE/g) (mg CE/g) (mg C3G/g)
Kakadu Plum 74.84 + 4.28 16.07 + 5.44 + 0.00 £+ 0.00
a 0.74° 1.76° d
Quandong 42.85 + 20.63 + 0.30 3.90 + 2.07 +
Peach 0.39" 2 0.93° 0.20°
Davidson Plum 32.49 + 10.56 + 6.31 £ 1.75 2.80 +£0.33
0.79¢ 0.13¢ a a
Muntries 33.04 +1.19 8.31 +2.04 9 d2.14 + 0.67 0.78 + 0.09¢

TPC; total phenolic content, TFC; total flavonoid content, TCT; total condensed
tannins, TMAC; total monomeric anthocyanin content, GAE; gallic acid equiv-
alent, QE; quercetin equivalent, CE; catechin equivalent, C3G; cyanidin 3-gluco-
side. Values are mean + standard deviation in triplicate (n = 3). Values in each
column with superscript letters (a-d) are significantly different from each other
(p < 0.05).
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2021). The TMAC value of Davidson plum (2.80 + 0.33 mg/g) was
significantly higher compared to quandong peach (2.07 + 0.20) and
muntries (0.78 + 0.09 mg/g), respectively while no TMAC was
measured in Kakadu plum (Tan et al., 2011a). Blueberries and black-
berries were used as a positive control to measure the total monomeric
anthocyanin content from Australian native fruits. Davidson plum and
quandong peach were measured with higher TMAC than blueberries
(1.38 + 0.06 mg/g) and blackberries (1.18 + 0.15 mg/g).

Overall, various studies reported that some Australian native fruits
contain higher total phenolic content compared to commercially grown
blueberries (Konczak et al., 2010b; Sakulnarmrat et al., 2015). Among
them, Kakadu plum is traditionally identified as a ‘medicinal plum’ and
chemo-preventive agent due to its vital bioactive compounds especially
higher phenolic compounds (Sakulnarmrat et al., 2015).

3.2. Antioxidant potential of Australian native fruits

Oxidative stress is an abnormal condition of the body which occurs
due to excessive production of reactive oxygen and nitrogen species
(ROS, RNS) which is the leading cause of different pathological condi-
tions including Alzheimer’s disease (AD) and diabetes. It has been re-
ported that oxidative damage is a detrimental event in AD that kills the
neuronal cells (Dhakal et al., 2019). Antioxidant polyphenols have the
ability to neutralize the free radicals in the body. Therefore, the iden-
tification of antioxidant polyphenols is important. The results of the
biological activities of Australian native fruits are given in Table S1 and
Fig. 1.

In this study, the highest value of DPPH was found in Kakadu plum
(30.98 + 0.54 mg AAE/g) while the least value of DPPH (12.42 + 0.45
mg AAE/g) was measured in muntries (Table S1, Fig. 1) Previously,
Sommano et al. (2013) and Tan et al. (2011a) also reported a higher
DPPH for Kakadu plum than other selected fruits in our study. The ABTS
is also a widely used assay for estimating the free radical scavenging
capacity of plant extracts, including hydrophilic and lipophilic constit-
uents, based on the polyphenols’ hydrogen ion donating ability. ABTS
value of Kakadu plum (80.95 + 0.49 mg AAE/g) was higher than the
other selected fruits. Some other studies also reported higher ABTS
values for Kakadu plum (Sommano et al., 2013; Tan et al., 2011a). The
FICA value of Kakadu plum (5.88 + 0.62 mg AAE/g) and Davidson plum
(3.60 + 0.21 mg AAE/g) was found higher compared to quandong peach
(3.26 £ 0.10 mg AAE/g) and muntries (3.02 + 0.09 mg AAE/g).
Furthermore, the *OH-RSA value of Kakadu plum (47.25 + 0.95 mg
AAE/g) and quandong peach (43.25 + 0.42 mg AAE/g) was higher
compared to Davidson plum (19.66 + 0.31 mg AAE/g) and muntries
(23.32 £+ 0.55 mg AAE/g). Previously, Konczak et al. (2010b) reported
higher antioxidant activity of Kakadu plum, quandong peach and
Davidson plum compared to blueberries.

It is reported that antioxidant activities vary in selected Australian
native fruits due to their complex mixture of bioactive compounds and
mainly depend on the method used for extraction. To determine the
antioxidant potential of fruits, there is a list of methods with their
benefits and limitations (Bashmil et al., 2021; Sharifi-Rad et al., 2021).
Due to the complex nature of phenolic compounds and multiple mech-
anisms of reactions in the biological system, no defined method truly
reflects the same antioxidant potential of these bioactives as reported by
Granato et al. (2018). Different studies have been conducted for the
measurement of different antioxidant activities but a detailed study on
Australian native fruits is limited due to the complex nature of bioactive
metabolites.

3.3. Alpha-Glucosidase and acetylcholinesterase inhibition activities

Diabetes is one of the leading causes of death in the world, an
average of 1.4 million people died in 2019 while 422 million people
were affected in 2014 (Taslimi et al., 2020). Alpha-glucosidase involved
in hydroxylation and absorption of carbohydrates in the gut, thus the
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Fig. 1. Biological activities of Australian Kakadu plum (KP), quandong peach (QP), Davidson plum (DP) and Muntries (Mu).

inhibition of a-glucosidase is desirable in pre-diabetic and diabetic
conditions (Leonard et al., 2021). The plant extracts are widely used to
inhibit diabetes through the inhibition of a-glucosidase. The identifi-
cation of polyphenols in fruit extracts as a-glucosidase inhibitors is one
of the therapeutic approaches to suppress or minimize the onset of
diabetic conditions. Kakadu plum at the rate of 10 mg/mL was identified
with the highest a-glucosidase inhibition activity (36.06 + 1.89 %)
while muntries with the same concentration were measured the least
a-glucosidase inhibition activity (25.22 + 5.10 %) compared to other
plant extracts (Table S1, Fig. 1). Previously, Sakulnarmrat et al. (2014)
reported higher a-glucosidase inhibition activity of purified fractions of
Davidson plum and quandong peach compared to the values reported in
this study. Polyphenols mainly proanthocyanidins have been reported
for a-glucosidase inhibition properties and inhibition activity depends
on the degree of polymerization of these metabolites (Sakulnarmrat
et al.,, 2014). The results of this study were in accordance with the
previously published studies. Previously, Wang et al. (2019) reported
that total phenolics and flavonoids in fruit extracts significantly inhibit
the a-glucosidase activity.

Alzheimer’s disease is one of the most common neurodegenerative
disorders which results due to alterations of energy metabolism,
oxidative stress, loss of neurotropic support, alterations of protein
functioning and dysfunction of the neuro-vascular system (Maher,
2019). About 131.5 million people will be affected by Alzheimer’s dis-
ease by 2050 (Emir et al., 2022). AChE is a serine hydrolase (enzyme)
that is involved in blocking impulse transmission through the hydrolysis
of acetylcholine (a neurotransmitter) (Colovic et al., 2013). Thus, the
inhibition of AChE is required for the normal functioning of the brain. In
this study, Kakadu plum and Davidson plum were measured with higher
AChE inhibition activity (42.70 + 1.50 % and 36.96 + 1.62 %, respec-
tively) compared to quandong peach and muntries (Table S1, Fig. 1).
The variation in AChE inhibition activity could be due to the different
individual metabolites, concentration, and their bioavailability during

the biological reaction. AChE inhibition activities of these Australian
native fruits were still less compared to the standard drug (positive
control) of tacrine (55.54 + 0.44 %) at the rate of 1 mg/mL. Flavonoids
have the potential to block the age-related toxicity and oxidative stress
pathways associated with the progression of Alzheimer’s disease
(Maher, 2019; Simunkova et al., 2019). Thus, the daily consumption of
these selected fruits still has the potential to slow down the risk of
Alzheimer’s disease.

3.4. Correlation analysis

The health benefits of polyphenols are due to their antioxidant
properties and depend upon their amount and bioavailability [23].
Previously, we established a strong positive correlation between total
phenolic content and antioxidant activities of 10 widely used Australian-
grown herbs (Ali, Bashmil, et al., 2021). Here, we reported the results of
anthocyanins and non- anthocyanins in Kakadu plum, Davidson plum,
quandong peach, and muntries and their antioxidant, a-glucosidase, and
AChE inhibition activities.

Correlation analysis was carried out between phenolic contents
(TPC, TFC, TCT, and TMAC) of the Australian native fruits and their
biological activities obtained by the different assays (Table 2).

It was observed that TPC showed highly significant positive corre-
lation with ABTS, DPPH (r = 0.99, p < 0.05), and FICA (0.94, p < 0.01).
Interestingly, TFC showed a positive correlation with a-glucosidase in-
hibition activity (0.92, p < 0.01) and *OH-RSA (r = 0.86). Moreover,
TCT and TMAC had lower correlations with biological activities
compared to TPC and TFC. Noteworthy, DPPH and ABTS are perfectly
correlated with each other (r = 1.00, p < 0.05) (Miliauskas et al., 2004).
These correlation results indicate that total phenolic compounds in these
Australian native fruits had a direct relationship with free radical
scavenging ability, ferric chelation ability, the AChE inhibition capacity
while total flavonoids were more closely related to peroxyl inhibition
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Table 2
Pearson correlation between phenolic contents and their biological activities.
Variables TPC TFC TCT TMAC ABTS DPPH FICA *OH-RSA o-Glu
TFC 0.57
TCT 0.47 0.17
TMAC —0.55 0.02 0.33
ABTS **0.99 0.61 0.57 —0.44
DPPH **(0.99 0.67 0.52 —-0.43 **1.00
FICA *0.94 0.27 0.53 —0.62 *0.93 0.89
*OH-RSA 0.84 0.86 0.08 —-0.49 0.81 0.86 0.62
o-Glu 0.82 *0.92 0.45 -0.12 0.85 0.89 0.60 *0.90
AChE 0.84 0.58 0.84 —0.03 *0.90 0.89 0.78 0.61 0.84

*Significant correlation at p < 0.01, **Highly significant correlation at p < 0.05.

and a-glucosidase inhibition ability of these fruits (Wang et al., 2019). A
positive correlation of phenolic compounds and flavonoids with bio-
logical activities indicates that these compounds are the main antioxi-
dant constituents in these Australian native fruits. These results are in
accordance with the previously published studies (Ali, Bashmil, et al.,
2021). Previously, Zheng and Wang (2001) reported that the position
and number of hydroxyl groups on flavonoids on the B-ring and their
ability to donate hydrogen to a free radical, affect the anti-radical ca-
pacity of these metabolites in plant extracts. Furthermore, the activity of
these phenolic compounds depends on the synergistic/antagonistic re-
actions of these compounds in these extracts and the mechanism of
antioxidant reactions in the biological system (Ali, Bashmil, et al.,
2021).

A biplot (Fig. 2) also indicates that Kakadu plum has more potential
compared to other fruits while the muntries were identified with the
least effective biological potential from selected fruits. Davidson plum
was observed to have the highest anthocyanin contents, which were not
closely associated with the conducted assays. Moreover, the biplot in-
dicates that TFC in quandong peach contributes highly to the a-gluco-
sidase and AChE despite their lower concentration compared to TPC.
There is an association between the structures of flavonoids and their
antioxidant activity, for example, more hydroxyls among flavonoids are
favourable for antioxidant reactions and the antioxidant capacity of
flavonoids will increase when C3-C4 position in B-ring is replaced with
hydroxyls. The ortho position of hydroxyls with electron donor group
(methoxyl) will also improve the antioxidant activity of these metabo-
lites while phenolic hydroxyls on substitutional positions have more
contribution in antioxidant activity than the number of hydroxyls (Lin
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their activities.

of phenolic contents in Australian native fruits and

et al., 2014).
3.5. LC-MS/MS characterization of native fruits

3.5.1. Anthocyanins

LC-ESI-QTOF-MS/MS was employed for the untargeted identifica-
tion and quantification of anthocyanins from Australian native Kakadu
plum, Davidson plum, muntries, and quandong peach. The MS/MS
fragmentation pattern can provide detailed structural information of
each metabolite to separate anthocyanins from other phenolic and non-
phenolic compounds. In this study, a total of 77 anthocyanins were
tentatively identified while five were identified with pure standards
(Table S2). Anthocyanins are unique naturally occurring positively
charged colored pigments in plants that can easily donate protons to free
radicals. It is widely reported that MS/MS product ions in anthocyanins
produced after the removal of sugar units (132 Da for pentose, 150 Da
for xylose and arabinose, 162 Da for hexose, 308 Da for rutinoside
moiety from the basic aglycone of corresponding anthocyanins (331 Da
for malvidin, 317 Da for petunidin, 303 Da for delphinidin, 301 Da for
peonidin and 287 Da for cyanidin) in positive mode.

Compound 61 at m/z 449 (C21H1011) produced a fragment ion at m/
z 287 which showed cyanidin aglycone after the removal of the gluco-
side moiety (162 Da) from the precursor ion in a positive mode.
Therefore, compound 61 was tentatively identified as cyanidin-3-O-
glucoside in Davidson plum. Previously, Oh et al. (2008) also quantified
cyanidin-3-0O-glucoside in different grape cultivars from 2.7 to 51.7 pg/
mL. The mass spectra of compound 71 (Cy7H31014) produced a fragment
ion at m/z 271 (pelargonidin) after the removal of rutinoside moiety [M
— 308 Da] from the precursor ion. Thus, compound 71 was tentatively
identified as pelargonidin 3-O-rutinoside. In Fig. S2, compound 79
showed the chromatogram and spectrum of delphinidin 3-glucoside
(C21H21012 — m/z 465) found in Davidson plum obtained through Per-
sonal Compound Database and Library (PCDL) while MS/MS further
confirmed the removal of glucoside from the basic aglycon structure
(delphinidin) which showed product spectra at m/z 303. Delphinidin 3-
O-glucoside had been quantified in grapes from 1.4 to 250.2 pg/mL by
Oh et al. (2008). Compounds 63 and 110 at ESI" m/z 597.1456 and m/z
581.1521 showed fragment ions at m/z 303 and m/z 287, respectively
after the loss of sambubioside (294 Da) moiety from the precursor ions.
Compounds 62 and 110 were tentatively identified as delphinidin 3-
sambubioside and cyanidin 3-sambubioside, respectively.

Pelargonidin3-0O-glucoside (compound 94) was identified at ESI™ m/
2 433 which produced a characteristic fragment at m/z 271 (aglycone of
pelargonidin) after the loss of glucoside moiety (162 Da) from the pre-
cursor ion. Compounds 62 and 77 at ESIT m/z 595.1653 and m/z
611.1614 generated product ions at m/z 287 and m/z 303 after the
neutral loss of rutinoside moiety (308 Da) from the precursor ions.
Compounds 62 and 77 were tentatively identified as cyanidin 3-rutino-
side and delphinidin 3-rutinoside found in quandong peach and mun-
tries. Overall, Australian native fruits are a rich source of anthocyanins
and have considerable health remedies.
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3.5.2. Non-Anthocyanin flavonoids

Flavonoids are also important secondary metabolites and indis-
pensable components of nutraceutical, functional, medicinal, and
pharmaceutical applications (Ali, Wu, et al., 2021). They have potent
antioxidant, anti-mutagenic, anti-carcinogenic, and anti-inflammatory
properties (Panche et al., 2016). In this quest, a total of 122 non-
anthocyanin flavonoids (41 flavones, 28 flavonols and dihydro-
flavonols, 24 isoflavonoids, 17 flavanones, 4 flavans, 8 chalcones and
dihydrochalcones) were tentatively identified in selected fruits
(Table S2). Compound 123 at ESI™ produced a fragment ion at m/z 245
after the loss of CO2 (44 Da) from the precursor ion. Compound 123 was
identified as epicatechin which was further confirmed through pure
standard. Epicatechin was identified in muntries and Kakadu plum.
Compound 137 (apigenin 6-C-glucoside) was produced at product at m/
z 271 (apigenin) after the removal of hexoxide (162 Da) from the pre-
cursor ion in positive mode. Apigenin 6-8-di-C-glucoside (compound
144 — Cy7H39015 — m/z 593.1515) was tentatively identified in Kakadu
plum, muntries and quandong peach in a negative mode which gener-
ated daughter ions at m/z 503 and 473 (Makita et al., 2016). Compound
147 at ESI” m/z 505.0980 produced a product ion at m/z 329 after the
removal of glucuronide moiety from the aglycone. Compound 147 was
putatively identified as tricin 7-O-glucuronide which was identified in
Kakadu plum. Quercetin 3'-O-glucuronide (compound 185 — 477.0676)
produced a product ion at 301 after the loss of glucuronide from the
parent ion. Compound 185 was putatively identified in Kakadu plum
and Davidson plum. Compound 189 (myricetin 3-O-rhamnoside) pro-
duced a product ion at m/z 319 after the loss of rhamnoside moiety from
the precursor ion in positive mode. Previously, these compounds were
reported in mint and lemon with strong antioxidant potential (Chou
et al., 2021). Compounds 123, 149, 156, 160, 164, 176, 180 and 196
were identified with pure standards. Previously, quercetin, rutin and
myricetin were identified in Davidson plum (Sakulnarmrat et al., 2014)
while kaempferol and rutin were identified in quandong peach Konczak
et al. (2010a). Quercetin has been reported for antioxidant (Boots et al.,
2008; Kadam et al., 2018) anti-inflammatory (Saeedi-Boroujeni &
Mahmoudian-Sani, 2021), anti-cancer activities (Ay et al., 2016, Chap.
4). Therapeutic role of quercetin against cardiovascular diseases, can-
cers and neurodegenerative disorders is well known (Ay et al., 2016,
Chap. 4). Previously, vitexin (compound 130) and luteolin (compound
142) were also identified in Kakadu plum (Courtney et al., 2015).

3.5.3. Phenolic acids

They are widespread aromatic secondary plant metabolites and have
promising health effects. A total of 51 phenolic acids (10 hydrox-
ybenzoic acids, 34 hydroxycinnamic acids and 7 other phenolic acids
were tentatively identified and characterized through their MS/MS
spectra (Table S2). Mainly, phenolic acids show the fragmentation
pattern through the removal of CO, and hexosyl moiety from the parent
ions (Ali, Wu, et al., 2021). Compound 1 (gallic acid 4-O-glucoside
exhibited the fragment ions at m/z 169 (gallic acid) and m/z 125 via the
loss of hexosyl moiety (162 Da) and CO; (44 Da) from the parent and
fragment ions (Singh et al., 2016). Compounds 4 (protocatechuic acid),
7 (gallic acid), 9 (p-hydroxybenzoic acid), 11 (caffeic acid), 32 (p-cou-
maric acid) and 36 (cinnamic acid) exhibited the product ions at m/z
109, m/z 125, m/z 95, m/z 135, m/z 119 and m/z 103 after the neutral
loss of COy (44 Da) from the parent ions, respectively. Ferulic acid
(compound 29) at ESI” m/z 193.0509 generated product ions at m/z
178, 149 and 143 after the loss of [M — H — CH3], [M — H — CO,] and
[M — H — CH3 + CO2], respectively from the precursor ion. Compound
44 (3-feruloylquinic acid) was tentatively identified in Kakadu plum and
Davidson plum which produced daughter ions at m/z 351, 325 and 163
in positive mode. Compounds 4, 5, 7, 9, 10, 11, 16, 29, 31, 32, 36 and 48
were compared and identified through pure standards. Previously,
chlorogenic acid (compound 31) was also identified in quandong peach
(Sakulnarmrat et al., 2014).
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3.5.4. Tannins

Tannins are structurally complex phenolic compounds and classified
into hydrolyzable, condensed and complex tannins. A total of 15 com-
pounds were tentatively identified as tannins (Table S2). Ellagic acid,
procyanidin B2, 2,3-dimethylellagic acid and prodelphinidin B3 has
been identified due to their health potential (Cuadrado-Silva et al.,
2016; Gupta et al., 2021). Previously, corilagin (compound 246) and
punicalin (compound 247) were identified in Kakadu plum (Courtney
et al., 2015). Previously, ellagic acid (compound 247) was identified in
Davidson plum (Sakulnarmrat et al., 2014). Previously, Sharifi-Rad et al.
(2022) were reported antioxidant, anti-inflammatory, anti-proliferative
and anti-mutagenic properties of ellagic acid.

3.5.5. Lignans and stilbenes

A total of 12 lignans and 5 stilbenes were putatively identified in
selected Australian native fruits (Table S2). Lignans are well-known
bioactive compounds for antioxidant, anti-cancer and anti-
inflammatory properties (Ali, Bashmil, et al., 2021). Compound 261 at
ESI™ m/z 383.1495 was generated product ions at m/z 355 and 341 and
was identified as schisandrin C while compound 269 at ESIt m/z
401.1962 produced a fragment ion at m/z 386 after the loss of [M + H —
CH3] and was tentatively identified as schisandrin B. Previously, anti-
oxidant, anti-inflammatory, anti-cancer and anti-neurogenerative
properties of schisandrin C has been reported (Takanche et al., 2018;
Yang & Yuan, 2021). These compounds were also identified in Schi-
sandra chinensis which is well-known for its medicinal potential (Sub-
biah et al., 2020). Compound 267 at ESI*" m/z 299.1259 was identified
in Kakadu plum which produced fragment ions at m/z 281, 187 and 165
after the loss of [M — H — Hy0], [M — H — CgHgO5] and [M — H —
CoHgO2], respectively from the precursor ion (Ali, Wu, et al., 2021).
Compound 267 was putatively identified as enterolactone and has
antioxidant, anticancer, antimetastatic and anti-neurodegenerative
properties (Mali et al., 2019; Polat Kose & Gulcin, 2021; Reddy et al.,
2020). Compound 271 (4-hydroxy-3,5,4'-trimethoxystilbene), com-
pound 272 (polydatin) and compound 274 (resveratrol) are well-known
stilbenes for their reported health benefits (Ali, Bashmil, et al., 2021;
Galiniak et al., 2019; Luo et al., 2022), were tentatively identified in
Kakadu plum.

3.5.6. Other polyphenols

Two tyrosols, two curcuminoids, nine coumarins and derivatives,
one phenylpropene, two nitrophenols and naphthoquinones, one
hydroxybenzoketones, one cyclitol, two alkylphenols and three other
polyphenols were also putatively identified in Australian native fruits
(Table S2). Compound 282 at ESI” m/z 177.0210 was generated product
ions at m/z 149, 133, and 89 after the loss of [M — H — CO], [M — H —
CO-], and [M — H — 2CO3], respectively from the precursor ion (Ali, Wu,
et al., 2021). Compound 282 was tentatively identified as esculetin in
Kakadu plum. Previously, Yun et al. (2012) also identified esculetin in
their study with the same product ions through MS/MS. Compound 285
(6-methylcoumarin), compound 286 (7-methoxycoumarin), compound
287 (scopoletin), compound 288 (umbelliferone), compound 289
(mellein) and compound 290 (coumarin) were generated product ions at
m/z 115, 133, 147, 119, 135 and 103 after the loss of CO5 (44 Da),
respectively from the precursor ion.

The application of LC-MS/MS-QTOF to Australian native fruits had
allowed us to screen and detect 307 phenolic and non-phenolic com-
pounds with their product ions. No single study had been conducted yet
for the characterization of all these Australian native fruits in such a
comprehensive way for their phenolic compounds. The screening of
these bioactive constituents in these selected fruits can establish a new
science to understand their potent health benefits. There is a consider-
able potential to identify novel unknown bioactive compounds by using
this advanced analytical approach. One limitation of using low collision
energies is that they could not localize the position of the native phenolic
ring in the study of LC-MS/MS that went under modification. To solve
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this limitation, Nuclear magnetic resonance (NMR) would be useful
because it can identify the responsible compounds for modification.

3.6. Distribution of phenolic metabolites

Venn diagram analysis was conducted to find the diversity and dis-
tribution of phenolic metabolites in Kakadu plum (blue), Davidson plum
(yellow), quandong peach (red) and muntries (green) (Fig. 3). Austra-
lian native commercial fruits contain a diverse range of different
phenolic compounds including total number of polyphenols, total
phenolic acids, total flavonoids, and total anthocyanins. Furthermore,
visual distribution of total number of metabolites based on the presence
of individual metabolites identified in Kakadu plum, Davidson plum,
quandong peach and muntries (Fig. 3).

Fig. 3A shows that the Kakadu plum has the highest number of
unique metabolites (77, 25.2 %) while Davidson plum has the least
number of unique metabolites (2, 1.4 %). There were 31 (10.2% indi-
vidual metabolites that were commonly identified in Kakadu plum,
quandong peach and muntries while 14 (4.6 %) individual phenolic
metabolites were identified in all four fruits. Fig. 3B depicts that Kakadu
plum has the highest number of unique total phenolic acids 21 (39.6 %)
while quandong peach has only one individual unique phenolic acid.
Moreover, a total of 6 (11.3 %) phenolic acids were overlapped in all
four fruits. Fig. 3C shows that Kakadu plum has 43 (30.7 %) individual
unique non-anthocyanin flavonoids while Davidson plum has only two
(1.4 %) unique non-anthocyanin flavonoids. Whereas, Kakadu plum,
muntries and quandong peach shared 22 (15.7 %) unique non-

oP Mu (A)
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anthocyanin flavonoids. Furthermore, a total of 6 (4.3 %) non-
anthocyanin flavonoids were overlapped in all four fruits. Fig. 3D in-
dicates that no anthocyanin metabolite was identified in Kakadu plum
while Davidson plum has 13 (21.0%) unique anthocyanins. Interest-
ingly, a total of 6 (9.7%) unique anthocyanins were identified common
in Davidson plum, quandong peach and muntries while 10 (16.1 %)
anthocyanins were overlapped in muntries and quandong peach.

3.7. Quantification/Semi-Quantification of individual phenolic
metabolites

The quantification of individual metabolites from Australian native
fruits was achieved through LC-MS/MS-QTOF. LC-MS/MS is a much
accurate and more reliable technique for the quantification purposes
compared to HPLC. In this study, we semi-quantified a total of 41
phenolic metabolites from Australian native Kakadu plum, Davidson
plum, quandong peach and muntries (Table S3).

3.7.1. Anthocyanins

In this study, a total of 9 anthocyanins were semi-quantified. Del-
phinidin 3-O-sambubioside and cyanidin 3-rhamnoside were only
quantified in Davidson plum (528.14 + 34.82 pg/g) and quandong
peach (88.56 + 4.95 pg/g). Cyanidin 3-sambubioside was quantified in
Davidson plum (67.60 + 5.30 pg/g) and muntries (91.28 + 1.83 pg/g).
Cyanidin 3-glucoside was quantified in quandong peach (85.13 + 1.86
ug/g), muntries (125.01 + 3.69 pg/g), and Davidson plum (153.73 +
19.61 pg/g). Previously, Konczak et al. (2010a) were also quantified

DP Mu (B)

oP Mu (D)

Fig. 3. Venn diagram analysis of phenolic metabolites (A) total number of polyphenols (B) total phenolic acids (C) total non-anthocyanin flavonoids (D) total

anthocyanins in Australian native fruits.
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delphinidin 3-sambubioside (0.16 + 0.04 mg/g) and cyanidin 3-sabu-
bioside (0.02 £+ 0.001 mg/g) from Davidson plum while cyanidin 3-
glucoside (0.13 + 0.005 mg/g) was quantified in quandong peach.
Delphinidin 3-O-glucoside was also quantified in muntries (132.28 +
7.77 pg/g), quandong peach (379.89 + 26.86 pg/g) and Davidson plum
(391.76 + 15.47 pg/g). Delphinidin was quantified in Davidson plum
(90.51 + 3.83 pg/g), quandong peach (175.95 + 20.01 pg/g) and
muntries (321.98 + 27.02 pg/g). Cyanidin was quantified in Davidson
plum (57.23 + 11.61 pg/g) and quandong peach (82.37 + 3.83 pg/g).
Cyanidin 3-sambubioside was quantified in Davidson plum (67.60 +
5.30 pg/g) and muntries (91.28 + 1.83 pg/g). Delphinidin 3-rutinoside
(226.81 + 30.04 pg/g 342.45 + 11.59 pg/g) and Cyanidin 3-rutinoside
(307.76 + 14.06 pg/g and 81.13 + 7.45 pg/g) were quantified in
quandong peach and muntries, respectively. Previously, delphinidin 3-
glucoside (0.3 + 0.01 pg/g) and cyanidin 3-glucoside (0.8 + 0.05 pg/
g) were quantified in muntries (Tan et al., 2011a, 2011b).

3.7.2. Non-Anthocyanin flavonoids

A total of 16 non-anthocyanin flavonoids were also quantified from
selected Australian native fruits. Quercetin-3-glucoside (154.37 + 8.89
pg/g), kaempferol (193.85 + 12.33 pg/g), genistein (108.32 + 5.43 pg/
g), chrysin (100.34 + 10.19 pg/g), phloretin (120.73 + 7.50 pg/g) and
3'-O-methylviolanone (372.43 + 28.10 pg/g) were only quantified in
Kakadu plum while taxifolin (101.80 + 7.73 pg/g) and procyanidin B2
(94.01 + 2.24 pg/g) were only quantified in muntries. Moreover, nar-
ingin (105.75 + 7.14 ug/g) was only quantified in Davidson plum. The
higher concentration of quercetin (408.14 + 10.93 pug/g) was measured
in Kakadu plum while the least concentration of quercetin (122.55 +
11.15 pg/g) was detected in quandong peach. Quercetin was also
quantified in muntries (236.44 + 23.46 pg/g) and Davidson plum
(126.09 + 18.08 pg/g). The higher concentration of diosmin (274.78 +
15.81 pg/g) was quantified in muntries while the least value of diosmin
(199.78 + 10.81 pg/g) was found in Kakadu plum. Luteolin was also
quantified in Kakadu plum (250.09 + 9.70 pg/g), quandong peach
(106.44 + 6.46 pg/g) and muntries (105.64 + 16.67 pug/g) Previously,
kaempferol (0.61 + 0.01 mg/g) and rutin (0.53 £+ 0.01 mg/g) were
quantified in quandong peach (Konczak et al., 2010a). Previously, Mani
et al. (2021) were also reported luteolin, quercetin, hesperetin and
kaempferol glycosides in Kakadu plum.

3.7.3. Phenolic acids and derivatives

A total of 16 phenolic acids were quantified from Kakadu plum (11),
quandong peach (10), Davidson plum (5) and muntries (9). The higher
concentration of cinnamic acid (460.63 + 31.94 ug/g) and syringic acid
(445.21 + 32.77 pg/g) was quantified in Kakadu plum. Cinnamic acid
(193.32 + 18.44 pg/g) and syringic acid (61.30 & 17.31 ug/g) were also
quantified in muntries and quandong peach, respectively. Caffeic acid
was also quantified in Kakadu plum (102.13 =+ 2.97 pg/g) and Davidson
plum (78.95 + 1.98 pg/g) while protocatechuic acid was quantified in
Kakadu plum (54.16 + 3.65 pg/g) and quandong peach (391.61 +
23.75 pg/g). Moreover, 2,3-dimethylellagic acid and 3-sinapoylquinic
acid were only quantified in Kakadu plum (379.75 + 14.29 pg/g) and
muntries (82.24 + 6.62 pg/g), respectively. Cinnamic acid was quanti-
fied in Kakadu plum (748.68 + 64.07 pg/g) and muntries (801.42 +
50.44 pg/g). 3-p-Coumaroylquinic acid was quantized in muntries
(85.70 + 4.15 pg/g) and quandong peach (86.95 + 5.40 pg/g).

The highest concentration of ellagic acid (155.86 + 9.18 pg/g) was
quantified in muntries while the least amount of ellagic acid (76.25 +
3.61 pg/g) was measured in Kakadu plum. Ellagic acid was also quan-
tified in Davidson plum (150.73 + 5.85 pg/g) and quandong peach
(91.61 + 5.85 pg/g). Previously, Cheesman et al. (2019) were also
quantified ellagic acid (1.05%) and gallic acid (4.70%) in methanolic
extract of Kakadu plum fruit. Ferulic acid was also quantified in
Davidson plum (18.07 + 3.41 pg/g) and Kakadu plum (12.17 + 3.11 pg/
). Chlorogenic acid was quantified in quandong peach (80.98 + 6.91
pg/g) and muntries (142.18 + 14.01 pg/g). Previously, chlorogenic acid
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was also identified in quandong peach (Konczak et al., 2010a).

3.7.4. Heatmap clustering of quantified individual phenolic metabolites

Heatmap column and row wise clustering was conducted using
MetaboAnalyst (https://www.metaboanalyst.ca) given in Fig. 4. It in-
dicates that delphinidin 3-O-sambubioside, delphinidin 3-O-glucoside,
cyanidin 3-glucoside and ellagic acid have higher concentration in
Davidson plum while isorhamnetin, delphinidin 3-O-glucoside and
cyanidin 3-rutinoside have higher concentration in quandong peach.
Davidson plum and quandong peach are correlated to each other. Pro-
catechuic acid, epicatechin, p-coumaric acid, delphinidin, delphinidin 3-
rutinoside, procyanidin B2, p-hydroxybenzoic acid and diosmin were
observed with higher concentration in muntries while cinnamic acid,
syringic acid, epicatechin, quercetin, p-coumaric acid, gallic acid, 2,3-
dimethyellagic acid and 3-O-methyviolone.

3.8. Molecular docking

Molecular docking has great importance in drug discovery. The
calculated binding energies, glide score and glide energy of selected
compounds of Australian native fruits in related enzymes (7E3I and
5NNB8) are presented in Table S4 while the estimated binding geometry
and 3D of delphinidin 3-sambubioside and cyanidin 3-sambubioside in
AChE while punicafolin and cyanidin 3-sambubioside in a-glucosidase
are given in Fig. 5A and Fig. 5B.

All the compounds were well locked in 7E3I and 5NN8. Delphinidin
3-sambubioside in 7E3I made hydrogen bonds with TRP 86, TYR 341
and SER 203 while © — = stacking was observed with TYR 124 and TYR
341. Cyanidin 3-sambubioside in 7E3I made hydrogen bonds with HID
447, TYR 337, TYR 341, TYR 83, ASN 87, TRP 86, GLY 120 and TYR 133
while © — = interaction with TYR 341. Rutin in 7E3I made hydrogen
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Fig. 5A. The estimated binding geometry and 3D view of delphinidin 3-sambubioside (A) and cyanidin 3-sambubioside (B) in AChE. The active side residues are

named with three letters.

bonds with GLU 202, GLY, ASN 87 and TYR 72 while & — & interactions
was observed with TYR 337 and TRP 86 (Fig. S4). Docking binding
energy of delphinidin 3-sambubioside, cyanidin 3-sambubioside and
rutin in 7E3I was — 15.59, —17.77 and — 17.77, respectively. From the
given results, it was observed flavonoids especially anthocyanins are
potent metabolites to inhibit the AChE. Generally, the docking binding
energy of anthocyanins were observed higher than other compounds.
Non-anthocyanin flavonoids including procyanidin B2, rutin, vitexin,
myricetin, quercetin taxifolin, luteolin, phloretin, naringenin, (-)-epi-
catechin and kaempferol in AChE (7E3I) have higher binding energies
(—15.26 kcal/mol, —13.27 kcal/mol, —12.16 kcal/mol, —10.84 kcal/
mol, —9.93 kcal/mol, —9.83 kcal/mol, —9.82 kcal/mol, —9.72 kcal/
mol, and — 9.52 kcal/mol, respectively). Interestingly, 3-O-sina-
poylquinic acid 3-p-Coumaroylquinic acid are the phenolic acids which
have higher binding energies (—10.20 kcal/mol and — 10.10 kcal/mol)
than taxifolin, luteolin, phloretin, naringenin, (-)-epicatechin and
kaempferol (Table S4). Punicafolin in 5NN8 made hydrogen bons with
ARG 411, SER 676, ASP 518, ASP 616, PHE 525 while n — & stacking was
observed TRP 481 and PHE 649. Cyanidin 3-sambubioside made two
double hydrogen bonds with negatively charged ASP 282 and one
hydrogen bond with ASP 404 while two &= — n bonds with PHE 649 and
one with TRP 376 (Fig. 5B). Cyanidin 3-glucoside in 5SNN8 (Fig. S4) was
observed hydrogen bonding with ASP 282, ASP 404, ASP 616, ALA 284,
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and LEU 677 while © — 7 interactions was made with PHE 649 and TRP
376. Diosmin in 5NN8 made hydrogen bonds with ASP 404, ASP 518,
ASP 616 and EDO 1024 while n — & stacking was observed with TRP 481
and PHE 525 (Fig. S4). Punicafolin, cyanidin 3-sambubioside and cya-
nidin 3-glucoside in 5NN8 have higher binding energies than acarbose
(standard) Table S3. Rutin and diosmin are non-anthocyanin flavonoids
that have higher binding energies in 5NN8 compared to all other
selected non-anthocyanin flavonoids. Chlorogenic acid and 3-p-cou-
maroylqunic acid are phenolic acids which have higher binding energies
in 5NN8 compared to other phenolic acids and flavonoids (Table 54).

It is well established that, molecular docking is a virtual method to
predict the possible interactions between potential inhibitors and
respective enzymes (AChE and a-glucosidase). Thus, it is necessary to
conduct the enzyme inhibitory activities of individual bioactive com-
pounds to establish the actual inhibitory activity of individual com-
pounds (Li et al., 2022).

4. Conclusions

In this study, Australian native fruits (Kakadu plum, Davidson plum,
quandong peach and muntries) were comprehensively analysed for
phenolic compounds using LC-ESI-QTOF-MS/MS. A total of 307 bioac-
tive metabolites were putatively identified in selected Australian native
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fruits. Overall, Kakadu plum was observed with higher total phenolic
content and biological activities. Davidson plum was observed with
higher total monomeric anthocyanin content than berries. Molecular
docking reveals that flavonoids especially anthocyanins are potent
biological compounds with significant a-glucosidase and acetylcholin-
esterase inhibitory activities. The higher concentration of anthocyanins
and non-anthocyanin flavonoids in these selected Australian native
fruits than berries are in consistence with their traditional usage for
healing properties. The obtained results demonstrated that these
Australian native fruits could be used in food and medicinal products
with the further proved clinical data.

Supplementary Materials: The supporting information can be
downloaded at: Figure S1: Total Ion Chromatograms (TIC) of Kakadu
plum, Davidson plum, quandong peach and muntries in positive (black
color) and negative mode (red color); Figure S2: LC-MS/MS identifica-
tion of delphinidin 3-glucoside (compound 79) in Davidson plum. A
chromatogram (A) and a mass spectrum (B) and MS/MS spectra though
online library and database (C) of delphinidin 3-glucoside are presented;
Figure S3: MS/MS spectra of some selected compounds of Kakadu plum
(40 N), quandong peach (42P) and Davidson plum (43P); Figure S4. The
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estimated binding geometry of rutin (C) in AChE while cyanidin 3-gluco-
side (A) and diosmin (B) in alpha-glucosidase. The active side residues
are named with three letters. Table S1: Biological activities of Australian
native fruits; Table S2: LC-ESI-QTOF-MS/MS identification and char-
acterization of phenolic compounds from Australian native fruits;
Table S3: Semi-quantification of individual phenolic metabolites in
Australian native fruits (ug/g); Table S4: The estimated binding energy
(kcal/mol) and glide energy (kcal/mol) of each compound in AChE
(7E3I) and a-glucosidase (5NN8).
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