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+“a  Food and Environmental Protection
R Section and Laboratory

* International Standards (Codex, safety, quality, trade)
> Food safety, and quality to enhance international trade.
> Help establish food monitoring programmes and self-sustaining networks.

* Analytical technology development (applied research, analytical support & training)
» Agrochemical residues

Veterinary drug residues
Naturally occurring toxins
Heavy/toxic metals

Food authenticity
Traceability (food origin)
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* Food irradiation
» Food Processing
> Phytosanitary Treatments

« Emergency response
> Rapid response to radiological emergencies




Nuclear techniques in Food Authenticity
and origin analysis

« Stable isotope analysis (SIA) by IRMS

* Trace elements (TE) by EDXRF and NAA

* Volatile Organic Compound profiling (VOC) HSGC-IMS
Complementary techniques

* Metabolomics by HRMS

« Targeted LC-MS and GC-MS

« Rapid untargeted screening by NIR, Raman, FT-IR,
LF-NMR spectroscopies



RAS5081: Asia-Pacific Regional CRP D52038: Dairy Origin
_TC Project (2017-2021) Project (2013-2018)

‘ CRP D52037: “IONTIFTS”
(2011-2016)
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FAO/IAEA Food Authenticity and Origin Programme since 2011 ﬂ”g




OREGANO Authenticity: Method development on portable NIR device - SCiO™

Calibration Set (n=216)
Oregano (n=186)
Olive (n=10)
Myrtle (n=6)
Cistus (n=7)
Sumac (n=2)
Phlomis (n=2) Performance: F1=097|

Chemometrics: T
SCiO Software
SIMCA 15

Not Oregan..
Validation Set
Oregano (n=116)
Adulterated (n=81) & &




CRP D52040: Testing SCiO™
model transferability

e 34 SCiO™ jnstruments
acquired

* 32 participants globally
» Representing 22 countries

* 6samples
» 2 authentic
» 4 adulterated
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CRP D52040: Summary
of SCiO™ Results

33/34 portable devices were able to classify
correctly 5/6 samples

Best results obtained for samples to be
processed externally using SIMCA 15 software

Absorbance (a.u)
s 5 o

All adulterated samples were correctly

identified

One sample was consistently an outlier for
unknowns reasons.

This study has, for the first time, examined the
ability to use a low-cost field deployable NIR
device coupled to chemometrics, across five
continents, to detect adulterated food.
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CRP D52040: Project Output

Food Chemistry 353 (2021) 128718
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The potential of handheld near infrared spectroscopy to detect food
adulteration: Results of a global, multi-instrument inter-laboratory study

Terry F. McGrath® ', Simon A. Haughey ™', Marivil Islam ™', Christopher T. Elliott
Collaborators: S.D. Kelly, M. Suman, T. Rindy, F. Taous, D.L. Garcia-Gonzdlez, D. Singh, Soe Nan
Wai, A. Zitek, Z Jandric, J. Almirall, A. Acosta, C. Thao, M. Islam, L. Hoo Fung, Jae-Kyung Kim,
M. Burns, 1. Strashnov, R. Sarver, A. Dua, C. Mcvey, M. Shannon, P. Galvin-King, N. Logan, S.
Erasmus, A. Samokhin, Lian Jie Bay, S. A. Muhammad, V. Novak, D Pérez-Marin, D. Wunderlin,
G.N. Kasozi, V. Baeten, H.M.N.L. Handagiripathira
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* ASSET Technology Centre, Institute for Global Food Security, School of Biological Sciences, Queen's University Belfast. Belfast BT9 SDL, Antrim, Northern Ireland,
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® Food and Environmental Protection Laboratory, International Atomic Energy Agency, Vienna nternational Gentre, PO Box 100, A-1400 Vienna, Austria

ARTICLEINFO ABSTRACT

Keywords: Fraud in the food supply system will be exacerbated by shortages caused by climare change and COVID-19's
Portable near infrazed spectroscopy impact. The dried herbs market exemplifies complex supply chains attractive to criminals seeking financial gain.
Chemometric models Real-time remote testing is achievable twough development of globally accessible chemomeuic models for

Discriminant analysis

Food adulteration testing portable near infrared devices, deployed throughout supply chains. This study describes building of models for

Global Inter-laboratory study detection of oregano adulteration, on portable near infrared devices, and comparison to a laboratory-based

Herbs and spices Fourier-Transform Infrared spectroscopy method. 33/34 portable devices were able to correctly classify 5 out

Oregano adulteration of 6 samples successfully with all adulterated samples being correctly classified following the use of appropriate
transferability pre-processing routines. The devices native setup shows limited ability to perform a true screening
of oregano using the serup offered. However modifications to the setup could in the furure offer a solution that
facilitates fit-for-purpose real time detection of adulterated samples within the supply chain.

Email: s.a.haughey@qub.ac.uk



CNESTEN

- CRP D52040: Argan oil Authenticity @

« Morocco’s exports of argan oil have more than
doubled in the past five years, to more than 700 tons

« The Moroccan government plans to regenerate
200,000 hectares of Argan forest, create a new chain
of modern Argan farms, and increase production to
10,000 tons.

« 150, mostly female run, local co-operatives with the
most successful generating sales of around $650,000
annually

« Over 20 million workdays are generated by the
various aspects of the process of which 7.5 million
involve the extraction of the oil, a task primarily
accomplished by women




CRP D52040: ARGAN OIL AUTHENTICITY

HEAD-SPACE GAS CHROMATOGRAPHY — ION MOBILITY SPECTROMETRY
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CRP D52040: GC-IMS analysis of Argan oil
adulterated with sunflower oil
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CRP D52040: Bench-top Nuclear Magnetic Resonance
Composition of edible oils QAR I

- Most (¥95%) of the fat in foods is present as triglycerides

9'-‘31‘;-“"3‘"" Science¢Health«

sl Food « Innovation CNESTEN
Glycerol backbone o

\ )\/\/\/\/\/\/\/\ Saturated Fatty Acid (SFA)
HZC—O

s Q'WW Mono-unsaturated Fatty Acid (MUFA)

/ — — ) Poly-unsaturated Fatty Acid (PUFA)

\ Y
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Chemical shift (ppm)



Authenticity screening of argan oil QXFORD |Iﬂ

Uy

- Fatty Acid Composition by 1H NMR
multiple linear regression method

@ argan oil

V 80:20 argan:sunflower
V 70:30 argan:sunflower
V¥ 50:50 argan:sunflower

- Gives fatty acid composition values
consistent with the literature

- Works well for detecting gross
adulteration with many oils

- Not able to detect presence of oils with
very similar MUFA/PUFA profiles e.g. rice
bran oil

MUFA (%)

© Oxford Instruments 2021 14



CRP D52040: Project Output
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High-throughput screening of argan oil composition and
. e . 1
authenticity using benchtop "H NMR
Yvonne Gunning' | AlexJ.Jackson' | Joshua Colmer’ | Fouad Taous® |
Mark Philo' | Rachel M. Brignall® | Tibari El Ghali® | Marianne Defernez' |
E. Kate Kemsley' ©
'Core Science Resources, Quadram
Institute Bioscience, Norwich, UK Abstract - - - -
2Anthony Hall Group, Earlham Institute, We use 60-MHz benchtop nuclear magnetic resonance (NMR) to acquire 'H 30 ) 50 50
Norwich, UK spectra from argan oils of assured origin. We show that the low-field NMR Mono-unsaturates (MUFA)
*Structural and Isotopic Analysis spectrum of neat oil contains sufficient information to make estimates of com-
L ositional meters and to inform on the presence of minor compounds. A H
des Sciences et des Techniques Nucléaires P ot P P . Fraud detected In 4 Out
(CNESTEN), Rabat, Morocco screening method for quality and authenticity is presented based on nearest-
*Oxdord Instr Magnetic R e, neighbour outlier detection. A variety of oil types are used to challenge the 1
Oxdoed Instruments, Oxford, UK method. In a survey of retail-purchased oils, several instances of fraud were Of 28 retall Sam ples OfL»‘
: \
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EXAMPLE TC Project — Malaysia
Rapid screening method applications

Forensic Chemistry 17 (2020) 100197

Contents lists available at ScienceDirect

Forensic Chemistry

journal homepage: www.elsevier.com/locate/forc

Screening Malaysian edible bird’s nests for structural adulterants and 1)
geographical origin using Mid-Infrared — Attenuated Total Reflectance (MIR- &
ATR) spectroscopy combined with chemometric analysis by Data-Driven —

Soft Independent Modelling of Class Analogy (DD-SIMCA)

M.N.H. Adenan™*, S. Moosa®, S.A. Muhammad"”“, A. Abrahim’, Z. Jandric’, M. Islam’,
0. Rodionova®", A. Pomerantsev®", B. Perston', A. Cannavan', S.D. Kelly"*, Z. Othman®,
N.A. Abdullah Salim?, Z. Sharif?, F. Ismail®

2 Malmscian Nucloar Aaconey Ranai 42000 Malavcin



CRP D52040: Success story - Malaysia

University of Science : N
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CRP D52040: Success story - China
CAAS IQSTAP collaborating with Yili

» Collaboration with Yili group; a large milk processing company, to
promote and implement portable NIR testing of raw m|Ik for the

500
2021

Yili moves up the Global Brand Value List






0°H measurements of non-exchangeable (carbon-bound)
Hydrogen in sugars to detect undeclar?d addition

|/
_ I I
(CH,)sN, , hexamethylenetetramine C//C\o
EA or GC-IRMS \NH3 ~\~;c\/\ /
Kelly et al., J. Agric.
Food Chem. (2003) H,CO 4 MBTFA !

S5ec GC-IRMS, Sugar-trifluoroacetate,
\HPLC ﬂ Abrahim et al., Food Chem (2020), npj
1 hour  Sci. Food (2021)
Ce(NH,),(NO;)s , HCIO,

=) (H,C00),Ca

c. HNO, , c. H,SO,

H Nitrate-ester - -

DI-IRMS o DI-IRMS
Dunbar & Schmidt, . ! Krueger., ISBN 0-9631397-3-8 (1995)
Fresenius z. Anal Chem (1984) Fermentation
2-3 days
K,CrO;, c. HZS(VCH3CHZOH%adiot distillation
(CH,COO),Ca CH;CH,OH
DI-IRMS SNIF-NMR (site-specific 2H-NMR)

RoBmann & Schmidt, Z Lebensm Unters Forsch (1989) Martin et al., J. Am. Chem. Soc., (1986)
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Food Chemistry HERIRL
journal homepage: www.elsevier.com/locate/foodchem =
Stable isotope analysis of non-exchangeable hydrogen in carbohydrates )
derivatised with N-methyl-bis-trifluoroacetamide by gas chromatography — %

Chromium silver reduction/High temperature Conversion-isotope ratio mass

spectrometry (GC-CrAg/HTC-IRMS)

Aiman Abrahim, Andrew Cannavan, Simon D. Kelly"



Application of new GC-IRMS/sugar-TFA method to
detect the addition of cane sugar to pineapple juice

Twenty authentic production we
samples comprised of single
strength pineapple juice (n = 3),
pineapple puree (n = 2) and
pineapple juice concentrate (n = 15)
were obtained from the SGF

Brazil (n = 4)
China (n=1)
Costa-Rica (n=1)
Indonesia (n = 2)
Kenya (n =1)
Philippines (n = 1)
South Africa (n = 1)
Thailand (n = 8)
Vietnam (n = 1)
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BEET, CANE AND AUTHENTIC PINEAPPLE SUGAR (SUCROSE)
Plot of authentic 6?H SUCROSE-TFA DERIVATIVE MEASURED BY GC-Cr-Ag-IRMS
pineapple juice * o
sucrose-TFA derivative

&2H values versus bulk
pineapple sugar 8'3C : y

and beet and cane
sucrose-TFA derivative

&2H and bulk 8'3C with
95% Prediction ellipses

-20

-25

BULK 5'3C SUCROSE MEASURED BY EA-IRMS
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BEET, CANE AND AUTHENTIC PINEAPPLE SUGAR (SUCROSE)

Plot of authentic &?H SUCROSE-TFA DERIVATIVE MEASURED BY GC-Cr-Ag-IRMS
. r = om . ann cn l .
an SCieﬂce O‘F FOOd www.nature.com/npjscifood
ARTICLE OPEN ‘ W) Check for updates

Detection of exogenous sugars 1n pimeapple juice using
compound-specific stable hydrogen 1sotope analysis

Simon D. Kelly '™, Aiman Abrahim (', Peter Rinke (3¢ and Andrew Cannavan ('

An improved procedure for determining *H/'H isotope ratios, using gas chromatography-isotope ratio mass spectrometry, has been
used to detect the addition of exogenous C4-plant-derived sugars to pineapple juice. Isotopic techniques are commonly used to
identify the addition of low-cost sugars to fruit juices and are difficult to subvert as it is not economically viable to change the
isotopic ratios of the sugars. However, the addition of cane sugar to pineapple juice has presented a significant challenge that is
only detected by site-specific '*C analysis of the methyl and methylene positions of ethanol derived from pineapple sugars,
measured by nuclear magnetic resonance. This new GC-IRMS-based procedure utilises the trifluoroacetate derivative of sucrose te
allow direct measurement of the carbon-bound non-exchangeable hydrogen. This provides advantages over alternative isotcgic
methods in terms of analysis time and sensitivity. This feasibility study has demonstrated the potential to reliably differentiate



Conclusions

« Point of use, field deployable technologies have an
Important role to play in increasing accessibility to
screening tools for food for adulterants and
contaminants

« Uptake is hampered by a lack shared open access
curated spectral databases of authentic products

* There is a lack of method validation and
standardisation

* There is also a need for standardised guidelines
when using multivariate data analysis tools especially
In enforcement work
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