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Abstract

This study aimed to assess the food safety of 8 Traditional Australian foods by analysing their cyanogen glycoside and alkaloid
content. The research utilized a combination of ultra performance liquid chromatography-quadrupole time of flight tandem mass
spectrometry, UV-Vis spectroscopy, and indicator strip assays to identify and quantify toxic compounds. The study found no cyanogen
glycosides across all tested species above a limit of detection of 1.59 ug g~ cyanide equivalent. Eight alkaloids were identified, including
trigonelline, piperine, atropine, piperyline, corydine, cinchonine, corynoxiene, and desmotroposantonin. Notably, atropine, which was
detected in trace amounts in native pepper, was found to be below the detection limit of 1.30 + 0.60 mg per 100 g. The presence
of trigonelline and piperine was significant in several species, particularly the native pepper. These findings suggest that the tested
Traditional foods are safe for consumption concerning cyanogen glycosides and alkaloids. The systematic approach to toxin detection
in these foods supports the use of Traditional knowledge, aids in validating their food safety, and provides a framework for future
toxicological assessments.

Keywords: Traditional foods, food safety, metabolomics, bushfoods, alkaloids, cyanogen glycosides

Received: 26 August 2024. Accepted: 7 November 2024

© The Author(s) 2025. Published by Oxford University Press on behalf of Institute of Food Science and Technology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

920z Ae\ €1 uo Jasn AlisiaAlun 400D sawer Aq GHEEY6//E L 0SBAA/L/09/31o1uesH /w0 dno olwapeoe//:sdiy Wwolj) PapEojumMo(



 9611 18888 a 9611 18888 a
 
mailto:t.hay@uq.edu.au
mailto:t.hay@uq.edu.au
mailto:t.hay@uq.edu.au
mailto:t.hay@uq.edu.au

2 | Hayetal

Graphical abstract

anaIy5|s of / V

Open profile [, - . f
of sample : target ' 52
. metabolites features Food Safe Product
Extraction - T
I development

\
O* °‘
o]
Piperine Q/
ot AN
WNQ
Trigonelline Cinchonine

Piperyline

Atropine

Corydine

Desmotroposantonin Corynoxeine

Introduction

Traditional foods refer to culinary preparations deeply rooted
in a particular culture or region, with relevant knowledge often
passed down through generations (Lopes et al., 2023). Modern food
systems benefit from Traditional foods because the diversifica-
tion of agricultural biodiversity is a primary resource for food
system resilience, security, and nutrition (Bharucha and Pretty,
2010; Frison et al., 2006; Tong et al., 2022). Moreover, investigat-
ing Traditional foods allows the discovery of novel functional
foods and food additives (Hay et al.,, 2024). Traditional foods
were the subject of thousands of years of human trials and
knowledge gained and is evidence of their nutritional suitability
(Hidalgo-Mora et al., 2020). However, while Traditional food safety
practices were effective within their cultural and environmental
contexts, they may only sometimes align with global and nation-
state food safety standards and regulations. Changes in food pro-
duction, processing techniques, and storage methods have influ-
enced the evolution of food safety practices globally. Moreover,
the disruption of Traditional Knowledge in many global regions
by the practices of colonization suggests that a degree of caution
may be necessary when considering the food safety of underuti-
lized species (Williams et al., 2023; Hay et al., 2022). Comprehen-
sive toxicology workflows are highly effective for evaluating the
food safety of Traditional foods, but they are costly and time-
intensive (Bessaire et al., 2021; Madariaga-Mazon et al., 2019).
Therefore, workflows and analytical techniques that streamline
the assessment of Traditional foods require further research and
development.

There are seven classes of toxins found in plants (World Health
Organisation, 2018). Among these, cyanogen glycosides and sev-
eral classes of alkaloids are of primary concern, as their ingestion
can be anti-nutritive or fatal (Aniszewski, 2007; Bolarinwa et al.,
2016). Cyanogen glycosides are phytotoxins found in over 2000
plant species, such as cassava, taro, and many other fruit seeds
(Burns et al., 2012; Bolarinwa et al., 2016). Thermal treatment or
fermentation can reduce cyanogen glycoside content, but its pres-
ence at concentrations as low as 0.5 mg L' is hazardous in raw
foods (Bolarinwa et al., 2016). Many types of alkaloids, including
pyrrolizidines, indole, and tropane alkaloids are toxic (Bessaire
et al., 2021). However, within the xanthine and purine alkaloid
classes, compounds like caffeine and theophylline are considered
safe when consumed in moderate amounts. Therefore, the ability
to rapidly discern between high and low-risk alkaloid classes
is important for assessing the safety of Traditional foods. Ultra
performance liquid chromatography-quadrupole-time of flight
tandem mass spectrometry (UPLC-Q-ToF-MS/MS) is a reliable
analytical technique for elucidating compound structure, which
makes it highly applicable for ontological analysis (Nastasi et al.,
2023). In addition, UV-Vis spectroscopy-based assays and indi-
cator strip testing can be used for the rapid quantitative and
qualitative determination of target compounds and their classes
(Appenteng et al., 2021; John et al., 2014).

Eight underutilized Traditional foods native to Australia
were selected for analysis (Figure 1). Firstly, Piper hederaceum
(native pepper) is akin to black pepper and grows natively along
coastal New South Wales and Queensland (The Australasian
Virtual Herbarium, 2024b). This spice is likened to Piper nigrum
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and is a potential new crop with commercial prospects for
indigenous Traditional Owners (Drew and Bailey, 2018). The
pepper is flavourful when the fruit turns bright red or is dried
to black. Antidesma erostre (Australian currants) includes varieties
producing small, mildly sweet berries, with dark red to purple
juice, historically, which grow throughout Northern Queensland
and Northern Territory (The Australasian Virtual Herbarium,
2024a). Syzygium fibrosum (Satinash) produces fruits like small
apples, with smooth, thin skin and crisp, juicy flesh. It grows wild
in Northern Queensland and pockets along southeast Queensland
(The Australasian Virtual Herbarium, 2024c). Sterculia quadrifida
(Native peanut), also found in Southeast Asia, yields fruits
resembling peanuts and has shown high antioxidant levels in
various plant parts (Saragih and Siswadi, 2019). Its potential in
combating breast cancer due to 8-hydroxydehydrodunnione has
been reported in the literature (Rollando, 2018). Native peanut,
traditionally consumed by Indigenous community groups such
as the Mbabaram people from the Mareeba/Atherton Tablelands
region, grows in large red seed pods, with an unpalatable black
husk but a peanut-like edible portion. Curcuma australasica
(Australian turmeric) has been reported to have high bioactivity
and potential health benefits (Rajkumari & Sanatombi, 2017).
It is similar to Indian turmeric, though paler when dried,
and has been part of the diet of the Wurundjeri community
in Victoria and community in New South Wales. Diploglottis
campbellii (Australian tamarind), native to the Gumbaynggirr and
Bundjalung regions in New South Wales, yields tart, acidic fruits
with a sweet undertone, similar to unripe nectarines. Diploglottis
diphyllostegia (Northern tamarind) bears a small, orange fruit
known for its tart sourness and also was consumed by the
Mbabaram people. Lastly, Carissa lanceolata (conker berry or
colloquially known as ‘Burra’ berry) yields fleshy red berries with
a sweet, tangy taste (Patel, 2013), traditionally eaten by the Iningai
peoples of central Queensland.

This study proposed a systematic workflow to qualify cyanogen
glycosides and quantify alkaloid content within the fruit, seeds,
and tubers of these eight Traditional foods. Firstly, untargeted
metabolomics via UPLC-Q-ToF-MS/MS was employed to qualify
the presence of cyanogen glycoside and alkaloid compounds.
Secondly, a combination of indicator and UV-Vis-based assays
was used to further screen the Traditional food species for the
presence of cyanogen glycosides and quantify the total content of
alkaloids. Next, targeted metabolomics using a multiple reaction
monitoring (MRM) method analysis was employed to quantify
the different alkaloid compounds using analytical standards and
database matching of the compound fragmentation patterns. This
study further investigates the notion that Traditional Knowledge
can be used as a reliable basis for food safety investigations of
native foods. The methods reported in this study can be used to
rapidly evaluate the expanding list of new, emerging, Australian
Traditional food species.

Materials and methods
Materials

Traditional food samples, Sisyrinchium fibrosum and S. quadrifida
were collected from Sevgen farm (GPS coordinates —26.44710,
152.88974) and samples of Philodendron hederaceum and Antidesma
erostre from Widjutgrub Bush Food Nursery (GPS Coordinates
—26.64148, 152.81429). D. Australis and C. australis were harvested
from the bushfood garden at the School of Agriculture and
Food Sustainability, University of Queensland, St. Lucia at (GPS
coordinates —27.49553, 153.01071). C. lanceolatta was supplied

by YACHATDAC (Iningai traditional land) located in Central
Queensland, while Syzygium aqueum was supplied by our
indigenous collaborator Gerry Turpin located in Watsonville,
Queensland. Specific locations are undisclosed at the request
of the traditional landowners. All samples were collected directly
from plants and kept on ice in transit. All chemicals, organic
solvents, and materials were supplied by Sigma Aldrich (St. Louis,
MO, USA) and reagents were prepared freshly on the day of
analysis.

Cyanogenic glycosides indicator test

Cyanogen glycoside test samples were prepared using a 500 mg
fresh sample that was crushed and wetted with Milli-Q water.
The method for qualifying the presence of cyanogenic glycoside
was adapted from Appenteng et al. (2021). A 1 cm x 3 cm grade
1 Wattman filter paper strip (item number: 1001 110) was dipped
in a 1.4% w/v picric acid solution that was diluted in a 2.5% w/v
Na,COs solution. Strips were attached to the lid of a plastic screw-
top specimen jar while still moist. A Bromocresol green (BCG)
indicator solution (10~* M) was prepared by heating 68 mg of BCG
in 3 ml of 2 M Na3PO, buffer (made to 4.77 pH). Lids containing
the strip were fastened and hermetically sealed to specimen jars
containing the fresh food samples. Positive and negative controls
were made using Prunus seed and deionized water respectively.
Specimens were inspected every 10 min until no further colour
change was observed in the positive control and a total time
of 40 min had elapsed. Samples were left 24 h to confirm no
further colour change. Testing was conducted in triplicate both
inter/intraday.

Sample preparation for alkaloid analysis

Samples were washed with milliQ water to remove dirt and
stored at —80 °C before being analysed. Analytical samples were
prepared by freeze-drying for 72 h in a Christ alpha 1-2 LD freeze
drier (Martin Christ, Osterode, Germany) at 1.0 mPa. Dried sample
matter was immersed in liquid nitrogen, ground in a Tissuel-
yser II ball and socket mill (Qiagen, Tokyo, Japan) at 30x1/s Hz
for 30 s and seized through a 50 um mesh. Sample (5 g) was
twice extracted in 25 ml of 80% methanol/0.01% formic acid
solution, sonicated (Soniclean 160TD, Mektronics, Australia) for
15 min at 100 Hz, vortexed for 30 min in the dark, and incubated
at —20 °C for 2 h. Next, the solution was centrifuged (Thermo
Fischer Scientific, Waltham, MA, USA) at 4500 g for 15 min to
separate the insoluble plant matter. The supernatant for each
sample was filtered through 0.45 pum syringe filters (AF3-3107-
52: Phenomenex, Torrance, USA), transferred to 2 ml Eppendorf
tubes, and vacuum evaporated at 40 °C in a JMS Christ AVC 2-18
CD vacuum evaporator (Martin Christ, Osterode, Germany) until
complete dryness.

Total alkaloid content

The total alkaloid assay was adapted from John et al. (2014).
Plant samples were prepared as described above. The sample was
weighed to 5 g and then 25 ml of solvent (80% Methanol, 0.01%
formic acid) was added. The samples were sonicated (Soniclean
160TD, Mektronics, Australia) for 15 min at 100 Hz, then vortexed
for 30 min in the dark before being incubated at —20 °C for
2 h. Samples were centrifuged at 4500 g (Thermo Fischer Scien-
tific, Waltham, MA, USA) for 15 min, and the supernatant was
collected. The pellet was further extracted with another 25 ml
of solvent. Sonication and vortex were repeated as above and
the supernatants of the extraction were combined and made
up to 50 mL. The extract was filtered through 0.45 um syringe
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Figure 1. Images of eight underutilized Australian traditional foods selected for food safety analysis.

filters (AF3-3107-52: Phenomenex, Torrance, USA), and vacuum
evaporated until dryness. The residue was suspended in 2 N
HCI and filtered through 0.45 um syringe filters (AF3-3107-52:
Phenomenex, Torrance, USA). The filtered extract suspended in
2 M HCI was transferred into a 50 ml separatory funnel and
5 ml of BCG solution (prepared as above) was added. Funnels
were shaken vigorously for 30 s and then 8 ml of chloroform was
added. Funnels were shaken again for 30 s, and the chloroform
extract was separated into 10 ml volumetric flasks and made
to volume with chloroform. This process was repeated for all
samples, atropine aliquots and positive (poppy seed) and negative
(lavender) controls. Absorbance was measured spectrophotomet-
rically in all extracts at 410 nm (Shimadzu UV1800, Shimadzu,
Kyoto, Japan).

UPLC-Q-ToF-MS/MS analysis and instrument
conditions

Samples were prepared according to section “UPLC-Q-ToF-MS/MS
analysis and instrument conditions” and analysed via UPLC-Q-
ToF-MS/MS. Samples (1 ul) were injected into an ExionLC AC
system coupled to a Sciex X500B QToF mass spectrometer (AB
SCIEX, Toronto, Canada) with an ESI operating in Data Inde-
pendent Acquisition (DIA) mode (Nastasi et al., 2023). Analysis
was conducted in both positive and negative ionisation modes.
Metabolites were separated on a Waters ACQUITY UPLC BEH
C18 column (130 A, 1.7 um, 2.1 mm x 50 mm, SKU: 186002350)
(Milford, MA, USA) and the column oven temperature was held
at 45 °C. Chromatography conditions were as followed: Solvent
A: dH,0 + 1% Acetonitrile +0.1% Formic acid, Solvent B: 90%

Acetonitrile +10% dH,0O + 0.1% Formic acid; flowrate: 0.40 ml
min~!; 0-0.20 min 5% B, 0.20-6.0 min 100% B, 6.00-6.10100%
B, 6.10-7.90 min 100% B, 7.90-8.00 5% B, 8.00-10.00 min 5% B.
Source settings were as followed: cur gas = 25 psi, GS1 = 50 psi,
GS2 =50 psi, CAD = 7, 500 °C. Ion spray voltage = 5500 V positive
and — 4500 V negative mode. A ToF MS scan was performed across
100-1000 m/z (0.125 s) followed by DIA using 20 m/z isolation
windows across 100-900 m/z (0.05 s) with CE = 35 + 15 V. Positive
and negative mode data was analysed using MS-Dial version 4.80
(Tsugawa et al., 2015). Selected alkaloid species were quantified
with MRM in positive mode over 0-50 uM following the precursor
fragment ion transitions as follows: atropine 290.181/124.109 and
290.181/93.067, trigonelline 138.055/65.043, 138.055/76.034, and
138.055/93.053, piperine 286.142/201.053 and 286.142/143.053.

Results

UPLC-Q-ToF-MS/MS based identification of
alkaloid species

Untargeted metabolomic profiling was performed to identify
species of alkaloids present in the traditional foods that may
pose a risk to human health. Metabolites between 100 and
900 m/z were scanned for in positive and negative mode and
4002 potential features were identified using the MS-Dial public
libraries for both positive and negative mode. After manual
curation of the data set, removal of false positives and blank
contamination, eight alkaloids were identified across the eight
traditional food species, and three curcuminoids were present
in the native turmeric sample. The annotated alkaloid species
are reported in Table 2 according to the best-reported practices
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suggested by Alseekh et al. (2021). Of these eight alkaloids, three
were resolved with analytical standards (trigonelline, piperine,
and atropine), two were putatively identified using their MS2
spectra (piperyline and corydine) and three were tentatively
identified (desmotroposantin, cinchonine, and corynoxeine). The
curcuminoids were identified using their MS2 spectra.

Annotation of the alkaloid species via their fragmentation
pattern in positive ionization mode is described as follows.
Trigonelline had a precursor ion of 138.055 m/z and produced
product ions of 92.053 [M + H—COOH], 65.043 [M + H—C,H,40,].
Piperine had a precursor ion of 286.142 m/z with product ions
of 201.053 m/z [M + H—CsHyN] and 143.053 m/z [M + H—
CyH1oNO,~]. The Piperyline has a precursor ion of 272.125 m/z,
product ions of 201.055, [M + H—C4HgN], and 171.044 m/z
[M 4+ H—CgH;1NO]. Atropine precursor was determined at
290.181 m/z, and fragments were at 124.109 m/z [M + H—CoH1003],
and 93.067 m/z [M + H—C11H19NO>]. Corydine had a precursor ion
of 342.173 m/z, and product ions of 311.121 m/z [M + H—CH,40],
and 296.101 m/z [M + H—C,HgN].

Analysis via UPLC-Q-ToF-MS/MS identified no other features in
any sample that could present a toxicology concern, i.e., cyanogen
glycosides. Trigonelline was present in all eight traditional food
samples: Australian turmeric, native pepper, Australian tamarind,
native currant, native peanut, satinash, northern tamarind, and
conker berry. Piperine was identified in native pepper, native
currant, satinash, and native peanut as well as the black pep-
per control sample, while Piperyline was present in the native
pepper and black pepper. Corydine was present in native pepper.
Cinchonine and Corynoxeine were present in the native turmeric.
Desmotropo-santonin was present in native peanut. Atropine was
identified in the native pepper. Three curcuminoids: curcumin,
bisdemethoxycurcumin, and curcumenol were identified in the
native turmeric and included for their contribution to the total
alkaloid UV-Vis spectral result.

Cyanogen glycoside and UV-vis spectral total
alkaloid content

The results from the cyanogenic glycosides indicator test and total
alkaloids assay are displayed in Table 1. All samples returned a
negative response for the cyanogen glycosides indicator assay
except for the positive control. The lower limit of detection for the
cyanogen indicator testis 1.59 ug cyanide equivalent (Appenteng
et al., 2021). The total alkaloid content in the samples (without
the negative and positive control) ranged from 210.11 £ 22.12 to
4504.57 £ 398.58 mg AE 100 g~*. Notably, Australian turmeric and
native pepper contained a higher alkaloid content than both the
control samples which were black pepper (4382.62 + 225.93 mg
AE g7!) and poppy seed (3993.90 + 205.27 mg AE g~1). Northern
tamarind contained sixfold lower total alkaloids compared to
Australian tamarind. Overall, majority of the traditional food
samples had a lower alkaloid content compared to the positive
controls.

Quantification of alkaloids in traditional food
samples

A high-resolution Q-ToF-MRM method demonstrated effective
quantitation of atropine, piperine, and trigonelline reference stan-
dards (Figure 2 and Table 3) in the eight traditional food samples,
with the black pepper used as a control comparison. Native pep-
per was the sole atropine-containing sample which reflects the
untargeted study result. The atropine content was detected below
the limit of detection at 1.30 + 0.60 mg 100 g~*. Trigonelline was

putatively matched in Australian turmeric, native pepper, Aus-
tralian tamarind, native currant, native peanut, satinash, north-
ern tamarind, conker berry and black pepper (control), with signif-
icantly high levels in the native currant and Australian tamarind
(1107.34 + 14.55 and 1039.84 £ 8.07 mg 100 g, respectively).
Piperine content was 6921.72 & 391.75 and 4101.23 + 412.84 mg
100 g~! in native pepper and black pepper respectively, and pipery-
line was 2344.59 + 429.02 and 1003.45 =+ 3.45 mg 100 g~! in native
pepper and black pepper, respectively.

Discussion

This study aimed to evaluate the food safety of eight traditional
foods that have been eaten for thousands of years by Indigenous
Australians (Hay et al.,, 2022) (Figure 1). These foods included
a range of nuts, fruits, tubers, and spices from arid and trop-
ical biomes. The food safety of these species was investigated
by qualifying and quantifying any alkaloid or cyanogenic glyco-
side compounds. Cyanogen glycosides were not found in any of
the traditional food samples (Table 1); however, alkaloids were
detected across all of the Traditional foods. The study by Burns
et al. (2012) on the cyanide content of cassava food products in
Australia and the current study both focus on the safety of food
products containing cyanogenic compounds. However, Burns et al.
highlight the dangers of high cyanide content in commercially
available cassava products, with some samples exceeding safe
consumption limits. Burns et al. (2012) used the picrate method
to analyse the total cyanide content, finding concerning levels in
cassava chips, where values as high as 262 ppm were recorded. In
contrast, the current study did not detect cyanogen glycosides in
the tested traditional Australian foods, suggesting they are safe in
terms of cyanide presence. The methods used in the current study,
such as UPLC-Q-ToF-MS/MS, offer a higher-resolution assessment
of compounds, providing a more detailed chemical profile than
the picrate method used in Burns’ work. Despite the shared focus
on food safety, the current study expands the toxin analysis to
include alkaloids, providing a broader toxicological evaluation.

Untargeted metabolomic profiling of methanolic extracts iden-
tified a variety of alkaloids in high abundance across several
species. Among the eight traditional foods analysed, eight alka-
loids and three curcuminoid compounds were detected (Table 2).
Therefore, the present work identified the need to quantify the
total alkaloid content in these underutilised traditional foods, as
scientists can use the presence of these compounds to rapidly
assess the risk within traditional food species (Adamski et al.,
2020; Schrenk et al., 2020). As such, the quantification via a UV-
Vis Spectrophotometric assay adapted from jJohn et al. (2014),
and MRM quantification was performed. Previously, caffeine has
been used as a reference standard for alkaloid quantification in
benchtop spectrophotometric methods (Aniszewski, 2007). Given
the varied nature of alkaloids (Adamski et al., 2020), quantitative
methods should employ reference standards that represent toxic
ontologies that are damaging to human health, such as tropane
or pyrrolizidine alkaloids. Therefore, in the present investiga-
tion, atropine was used as a reference standard for UV-Vis spec-
troscopy after being identified in the untargeted metabolomic
analysis.

The quantification of the total alkaloids via the UV-Vis
Spectroscopy assay included positive control samples of poppy
seed and black pepper for comparison (Table 1). The total
alkaloids for poppy seed (3993.90 + 205.27 mg AE 100 g~1) and
black pepper (4812.3 + 131.91 mg AE 100 g~!) were within the
range of previously reported content (Mani & Dhawan, 2011; Vieira
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Table 1. Alkaloid content and cyanogen glycoside presence in Australian traditional food (bushfoods) species.

Pos/neg control Common name Scientific name Spectrometric total UPLC-Q-ToF-MS/MS total ~ Cyanogen
alkaloids (mg AE 100 g) alkaloids (mg AE 100 g~1) glycosides

TA positive control Black pepper Piper nigrum 4812.30 £+ 131.918 5104.68 + 416.29P Negative

- Australian turmeric  Curcuma australasica 4504.57 + 398.582 1065.63 + 1.82¢ Negative

- Native pepper Piper hederaceum 4382.62 + 225.93P 9419.823 + 8.072 Negative

TA positive control Poppy seed Papaver somniferum 3993.90 + 205.27¢ * Negative

- Australian tamarind Diploglottis campbellii 2751.52 4 29.184 1239.86 + 8.07¢ Negative

- Native currant Antidesma erostre 1257.62 + 188.56° 1109.22 + 14.554 Negative

- Native peanut Sterculia quadrifida 1234.756 + 201.47¢ 961.35 + 16.73f Negative

- Satinash Syzygium fibrosum 754.57 + 45.73f 182.61 4 17.250 Negative

- Northern tamarind ~ Diploglottis diphyllostegia  420.14 + 15.878 379.49 + 1.348 Negative

- Conker berry Carissa lanceolata 210.11 + 22.120 110.3 + 11.671 Negative

TA negative control Lavender Lavandula angustifolia 152.44 + 35.241 * Negative

CG positive control Apricot seed Prunus seed * * Positive

Note. TA = total alkaloids; CG = cyanogen glycosides; AE = atropine equivalents. Total alkaloid values are averaged (n = 3) with standard deviation. Superscript
indicates significance within column via Tukey analysis (p < .05). Lavandula angustifolia was the negative control for total alkaloids, while Prunus seed gave a

positive result in the indicator assay.

xSample not tested. Lower limit of detection for the cyanogen glycosides indicator test is 1.59 ug cyanide equivalents.
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Figure 2. UPLC-Q-ToF-MS/MS MRM quantification results for eight traditional food species. (A) Piperine content of native pepper and black pepper. (B)

Trigonelline content within eight traditional food species. (C) Corydine, desmotroposantonin content present in native pepper, native peanut, northern
tamarind, Australian tamarind, and curcuminoids content in Australian turmeric. Trigonelline and piperine were quantified by use of their respective
reference standards. All other alkaloids were presented and reported as trigonelline equivalents. Curcuminoids are reported as trigonelline equivalents.

et al., 2022). Australian turmeric and native pepper contained
similar alkaloid content to black pepper and poppy seed per
dry weight. Therefore, native pepper was identified as the most
significant toxicity concern, because of its high total alkaloid
content and presence of atropine. Moreover, Australian turmeric
had 57% greater total alkaloid content than Indian turmeric (Cyril,
2023), and native pepper had 9% lower content compared to the
black pepper control. Of the remaining six samples tested by
the UV-Vis methodology, Australian tamarind, native currant
and native peanut contained moderate alkaloid contents relative
to the control species, while satinash, northern tamarind and
conker berry were considered to be very low. The alkaloid analysis
of lesser-known traditional foods is necessary to progress their

commercial pathways because food safety is a primary concern.
However, bench top assays are not a high-resolution technique
and a better assessment of food safety can be achieved via UPLC-
Q-ToF-MS/MS, where specific compounds can be individually
quantified.

Quantification of the alkaloids was conducted with the use of
an MRM approach via UPLC-Q-ToF-MS/MS. All spectral fragmenta-
tion reported in Table 2 is consistent with previous investigations
for trigonelline (Chen et al., 2013), piperine (Kotte, Dubey, & Murali,
2014), piperyline (Wang et al., 2016), atropine (Marques et al.,
2018), and corydine (Macedo et al., 2021). Atropine was used as
a reference standard to assess the food safety of native pepper,
alongside trigonelline and piperine, which were present in high
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Table 2. Alkaloids and curcuminoids identified in traditional foods undergoing food safety analysis.

RT Putative ID  Metabolite Molecular Adduct ES (+) ES (+) m/z error  MS/MS ES (+) Ref. (ID) ID
(min) metabolite class formula found theoretical (Da) Fragments
m/z m/z
0.56 Trigonelline  Alkaloids and C;H7;NO; M+H]+ 138.055 138.14 0.085 138.055 [M + HJ*, 92.053 Standard 1
derivatives [M + H—COOH], 65.043
[M + H—CyH409]
4.97 Piperine Benzodioxoles Cy7H19NOs; [M + H]+ 286.142  286.341 0.019 286.142 [M + H]*,201.053  Standard 1
[M + H—CsHyoN], 143.053
[M + H*C7H12NOZ_]
4.57 Piperyline Benzodioxoles Ci6H17NOs [M+ H]+ 272.125  272.121 0.051 272.125 [M + H|*, 201.055 636,537 2
[M + H—C4HgN], 171.044
[M + H—CgH;1NO|
4.24 Atropine Tropane C17H23NOs [M+H]+ 290.174  290.181 0.006 290.181 [M + H]*,124.109  Standard 1
alkaloids [M + H—Cg9H1903], 93.067
[M + H*C11H19N02]
2.67 Corydine Aporphines CooH23NOs M+ H]+ 342,171 341.163 0.007 342.173 [M + H|*,311.121 10,153 2
[M + H—CH40], 296.101
[M + H—C,HgN]
4.67 Desmotropo- Naphthofurans Ci5sHigO3  [M+ H] 4+ 247.131  246.126 0.005 247.132 [M + HJ* 6,543,723 3
santonin
2.35 Cinchonine Cinchona C19H29N»O [M + Na] 4+ 317.156  294.173 0.002 294.391 [M + Na]* 90,454 3
alkaloids
2.91 Curcumenol  Guaianes CisH2002  [M+H]+ 235166 235.169 0.003 235.166 [M + H] +, 217.159 167,812 2
[M + H - C15H5,0], 133.101
[M 4+ H—C1oHag]
4.06 Curcumin Curcuminoids Cp1Hp00s [M+ Na]+ 391.115  391.115 0.006 391.115 [M + Na]* 969,516 3
4.76 Bisdemethoxy- Curcuminoids Ci9H160s [M+ H]+ 309.108  309.109 0.013 309.108 [M + H] +, 225.089 5,315,472 2
curcumin [M +H- C11H1003]
6.26 Corynoxeine Indolizidines  CpoHpsN2O4 [M + H] +  383.204  382.189 0.014 383.201 [M + HJ* 44,568,160 3

Note. RT = Retention time. Compound reporting is presented as best practice according to Alseekh (2021). Identification levels represented as 1: analytical
standard, 2: putative match on high MS2 spectral library match (> 85%), 3: Tentative matches where spectra < 85% library match, where in silico model support
annotation. All matches represent MS1 and MS2 spectra matches from two databases: MS Dial Positive database and Sciex Pos QTOF ESI database. ID is pub chem

CID number.

concentrations in native pepper, native currant, and Australian
turmeric.

Trigonelline was detected in all eight samples, with native
currant (1107.34 + 14.0 mg 100 g~!) and Australian tamarind
(1039.84 + 8.1 mg 100 g~?!) showing the highest concentrations
(Figure 2). These levels are substantially higher than other species,
indicating that these fruits may be particularly rich sources of this
bioactive compound. Trigonelline is synthesized from nicotinic
acid, a breakdown product of pyridine nucleotides (Ashihara etal.,
2015). Trigonelline is commonly found in high concentrations in
foods consumed by humans, namely in coffee, which contains 1-
3% dry weight for green coffee beans (seeds) (Ashihara et al., 2015),
or 7.2 g kg~! (Konstantinidis et al., 2023). Comparatively, both
the native currant and Australian tamarind trigonelline contents
were higher than the reported trigonelline content in coffee.
Konstantinidis et al. (2023) highlighted that while no chronic
exposure to trigonelline has been investigated, the risk posed by
dietary coffee consumption is minimal. Furthermore, trigonelline
is protective of hepatic induced-oxidative stress and to lower the
risk of colon cancer, type II Diabetes and Alzheimer’s disease (El
Bairi et al., 2017). As such, the high trigonelline content in the
native currant and Australian tamarind promotes these species
for dietary inclusion.

Piperine is the main compound contributing to the ‘pepper’
flavour, which was detected in the black pepper control and
the native pepper (Lee et al., 2021). Piperine is synthesized in
plants from L-lysine, which undergoes several transformations
to yield the piperidine ring. Several derivatives of piperine, often

termed piperidines or piperidine alkaloids, share the basic piperi-
dine ring structure but differ in their side chains or functional
groups (Haq et al. 2021). The native pepper has a significantly
higher concentration (6921.72 mg 100 g~!) compared to black
pepper (4101.23 mg 100 g~1) (p < .05). Native pepper also con-
tains more piperyline (2344.60 mg 100 g~!) compared to black
pepper (1003.45 mg 100 g~1). The piperine content of Piper species
typically ranges from 1% to 7%, where yield is highly subjec-
tive to extraction methods (Gigliarelli et al., 2017). The piperine
content of the native pepper was greater than that of the black
pepper, which is consistent with Vieira et al. (2022) who reported
48.8 + 0.4 mg g !. As such, native pepper is shown here to
be a good source of piperine, having upwards of 9% combined
content of piperine and its derivatives. The toxicology of piperine
has been reviewed by Haq et al. (2021), who summarized that
studies assessing genotoxicity, immunotoxicity, and reproductive
health found no clear evidence of toxic effects from piperine..
Moreover, the bioactivity of piperine is used in some medicines
to increase drug bioavailability and modulate several transporter
and enzyme activities (Tiwari et al., 2020; Haqg et al., 2021).

The principal concern among the eight Traditional food species
was the native pepper due to the putative annotation for atropine.
As a tropane alkaloid, atropine is an antagonist of muscarinic
acetylcholine receptors, which are integral to the functionality
of the central nervous system (Lakstygal et al., 2018). In prac-
tice, atropine is used to treat motion sickness, and for oph-
thalmic effects (Lakstygal et al., 2018). However, atropine has
also been identified to cause toxicity in mice models, where
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Table 3. Calibration curve and validation parameters of alkaloid standards.

Compound LoD (uM) LoQ (uM) Range (M) R? Equation

Trigonelline 3.407 10.324 1.56-50 0.997 y =1479.6x + 690.48
Piperine 2.613 7.918 1.56-50 0.998 y = 5342.5x—5036.3
Atropine 3.985 12.075 1.56-50 0.995 y =21,938x + 19,736

Note. LoD = Limit of detection; LoQ = Limit of quantitation. LoD = ¢/S x 3.3, LoQ = ¢/S x 10 where o is the standard error and S is the gradient of the standard curve.

LDs = 75 mgkg~! induced paralysis of parasympathetically inner-
vated organs (Wishart et al., 2018; Wu et al.,, 2019). Atropine was
detected in native currant at 1.3 + 0.60 mg 100 g~!; however,
the quantitation was below the limit of detection. The limit of
detection for atropine (Table 3) is below the previously reported
toxicity level of atropine (Wishart et al., 2018). As such, this
study determines native pepper has no atropine toxicity concern
for human consumption within the detectable range using the
methodology in this study.

Desmotroposantonin was identified in the native peanut
(800 mg 100 g=1), though it is not as widely studied as other
alkaloids like piperine or atropine. However, it is a sesquiterpene
lactone, which has been suggested as being underutilized for its
bioactive and pharmaceutical potential (Moujir et al. 2020; Matos
et al,, 2021). While the specific structure of desmotroposantonin
is less documented in the literature, it is likely a positional isomer
of @-Santonin (Yang et al., 2024). Being a less-studied derivative,
there is less information available about its stability, metabolism,
or toxicity. However, as a sesquiterpene lactone derivative, it may
share some common pathways of degradation or transformation
in biological systems, though these would depend on the exact
structural differences.

All alkaloid compounds identified are considered safe in natu-
rally occurring quantities, aside from atropine, which was iden-
tified in the native pepper. The alkaloids present mainly con-
sisted of trigonelline and piperine. The results of this study have
indicated that the traditional knowledge surrounding the safe
consumption of the eight traditional foods is a reliable basis for
modern food safety assertion. However, follow-up analysis via
high-resolution mass spectrometry-based methods is highly rec-
ommended to validate assertions made from traditional knowl-
edge. Such traditional knowledge provides a valuable asset in
facilitating the exploration of new food crops. There was a prece-
dent for overconfidence in the food safety of a traditional food
source based on traditional knowledge (Burns et al. 2012). A
2008 survey conducted by the New South Wales government
revealed that cassava chips contained higher-than-expected lev-
els of cyanogenic glycosides. This led to a product recall and
the introduction of a new safety standard (NSW Food Authority,
n.d.). Currently, traditional food status can be achieved by way
of confirming traditional knowledge for food use by an indige-
nous elder or community leader. The current system is flawed
in such cases as the cassava chips case, and rapid toxicology
workflows are key to ensuring the safe delivery of newly indus-
trialized traditional foods. Recently, Williams et al., (2023) high-
lighted the need to reform existing food regulatory frameworks
to better incorporate cultural knowledge and histories. It advo-
cates for the use of cultural authorities in food safety assess-
ments, as well as allowing room for traditional knowledge to
play a more significant role in regulatory decision-making. This
shift would help address regulatory hurdles currently impeding
indigenous businesses from accessing broader markets both in
Australia and globally. Proposed solutions include creating new
processes within regulatory frameworks that respect traditional

practices while also ensuring public safety through modern food
safety data.

The presented workflow is not without limitations and requires
further refinement. The MRM quantitative method had several
discrepancies compared to the spectrophotometric quantitative
method, chiefly seen in the Australian turmeric which showed a
4-fold lower alkaloid content in the MRM quantification. In this
case, the differences in the spectrophotometric results for the
alkaloid content of Australian turmeric may stem from two poten-
tial factors: the absence of reference standards for identifying
and quantifying alkaloids in the chromatogram and the lack of
specificity in the UV-Vis method. Conversely, the total alkaloid
content in the black pepper control was relatively consistent
between the methods. These results indicate that future research
needs to employ specific alkaloid ontologies when using reference
standards for UV-Vis based protocols.

Conclusion

In conclusion, this study presents a systematic workflow for
estimating alkaloid and cyanogenic glycosides in traditional
foods, and subsequent quantification of targeted alkaloids. All
eight Traditional foods contained no detectable toxic cyanogenic
compounds based on the library databases used. Atropine was
detected in the untargeted metabolic profile of native pepper but
was shown to be of a trace amount when quantified. Therefore,
each species is deemed nontoxic regarding cyanogenic glycosides
and toxic alkaloids. These findings are consistent with the food
safety of traditional foods and the traditional knowledge of
indigenous Australians, from whom some of these species were
sourced. While more comprehensive toxicology is likely required
to secure food safety certification for newly acquired traditional
foods, the present workflow allows for a rapid assertion of food
safety in these wild harvested species and endorses continued
investigation toward commercialization. This methodology is
significant in its relatively inexpensive and timely determination
of two primary food toxicity categories; however, the estimation
of total alkaloids should be conducted with the most appropriate
reference standard for accurate quantitation. The main benefit
to the presented workflow is in a two-factor estimation of total
alkaloids and cyanogen glycoside content using wet chemical
techniques and chromatography. Such methods provide an
economical and relatively accurate assessment of alkaloid and
cyanogen toxicity risks. Follow-up metabolomics is however the
most helpful in determining what compounds are expected to be
present before finally applying a targeted approach for features
that are of interest or concern.

Data availability

The data supporting this study are not publicly available due
to confidentiality agreements established with the Traditional
Owners. Access to the data is restricted under a non-disclosure
agreement to protect the intellectual and cultural property of the
Traditional Owners. Researchers seeking further information or
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