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Food and Environmental Protection 
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)

• 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 (CRDS)

• Trace elements (TE) by EDXRF and NAA

• Volatile Organic Compound profiling (VOC) HSGC-IMS

• Metabolomics by HRMS

• Targeted LC-MS and GC-MS

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

Complementary techniques



FAO/IAEA Food Authenticity and Origin Programme since 2011

RAS5081: Asia-Pacific Regional
TC Project (2017-2021)

CRP D52037: “IONTIFTS”
(2011-2016)

Peaceful Uses Initiative
Emergency response
(2019-2021)

CRP D52038: Dairy Origin
Project (2013-2018)

CRP D52040: Field deployable
methods (2017-2022)

CRP D52042: “INTACT Food”
(2019-2024)



Calibration Set (n=216)
Oregano (n=186)
Olive (n=10)
Myrtle (n=6)
Cistus (n=7)
Sumac (n=2)
Phlomis (n=2)

Chemometrics:
SCiO Software 
SIMCA 15

Validation Set
Oregano (n=116)
Adulterated (n=81)

OREGANO Authenticity: Method development on portable NIR device - SCiOTM



CRP D52040: Testing SCiOTM

model transferability

• 34 SCiOTM instruments 
acquired

• 32 participants globally
 Representing 22 countries

• 6 samples
 2 authentic
 4 adulterated



CRP D5204O: Summary 
of SCiOTM 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

• 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.

Result will indicate sample as being authenticate or non-compliant



CRP D52040: Project Output

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



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



2 DIMENSIONS OF SEPARATION

HIGH SENSITIVITY (LOW PPB RANGE)

SAMPLE IN

CRP D52040: ARGAN OIL AUTHENTICITY
HEAD-SPACE GAS CHROMATOGRAPHY – ION MOBILITY SPECTROMETRY
SPECTROMETRY



CRP D52040: GC-IMS analysis of Argan oil 
adulterated with sunflower oil

http://www-naweb.iaea.org/nafa/about-nafa/biotechnology-lab.html

Argan oil Sunflower oil
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• Most (~95%) of the fat in foods is present as triglycerides

CRP D52040: Bench-top Nuclear Magnetic Resonance
Composition of edible oils

Glycerol backbone
Saturated Fatty Acid (SFA)

Poly-unsaturated Fatty Acid (PUFA)

Mono-unsaturated Fatty Acid (MUFA)
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• Fatty Acid Composition by 1H NMR 
multiple linear regression method

• 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

Authenticity screening of argan oil



CRP D52040: Project Output

Fraud detected in 4 out 
of 28 retail samples of 
argan oil



EXAMPLE TC Project – Malaysia
Rapid screening method applications

Edible Bird’s Nest
Adulteration with karaya gum, 
monosodium glutamate, egg, 
gelatin etc.

Mid-Infrared Attenuated Total 
Reflectance Spectroscopy (IR-ATR)

DD-SIMCA



CRP D52040: Success story - Malaysia

Contribution band:
1830 – 2077 nm

PCA of palm oil NIR
after several frying cycles

University of Science
Penang collaborating with 
Malaysian Palm oil Board



Institute of Quality Standard & Testing Technology for Agro-Products CAAS

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 milk for the 
presence of adulterants such as urea
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GC-IRMS, Sugar-trifluoroacetate,
Abrahim et al., Food Chem (2020), npj
Sci. Food (2021)  

MBTFA
65°C

1 hour

δ2H measurements of non-exchangeable (carbon-bound) 
Hydrogen in sugars to detect undeclared addition

CH3CH2OH

CH3CH2OH

Martin et al., J. Am. Chem. Soc., (1986)

SNIF-NMR (site-specific 2H-NMR)
(CH3COO)2Ca

Roβmann & Schmidt, Z Lebensm Unters Forsch (1989)

DI-IRMS

K2CrO3 , c. H2SO4

Ce(NH4)2(NO3)6 , HClO4

(H2COO)2Ca

DI-IRMS
Krueger., ISBN 0-9631397-3-8 (1995)

c. HNO3 , c. H2SO4

H Nitrate-ester

DI-IRMS

Dunbar & Schmidt, 
Fresenius z. Anal Chem (1984)

H5IO6

NH3

H2CO

(CH2)6N4 , hexamethylenetetramine

Kelly et al., J. Agric.
Food Chem. (2003)

EA or GC-IRMS

HPLC

Fermentation
2-3 days

Cadiot distillation



Results published in Food Chemistry
Fructose Glucose Sucrose



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

Twenty authentic production 
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)



Plot of authentic 
pineapple juice 
sucrose-TFA derivative 
δ2H values versus bulk 
pineapple sugar δ13C 
and beet and cane 
sucrose-TFA derivative 
δ2H and bulk δ13C with 
95% Prediction ellipses



Plot of authentic 
pineapple juice 
sucrose-TFA derivative 
δ2H values versus bulk 
pineapple sugar δ13C 
and beet and cane 
sucrose-TFA derivative 
δ2H and bulk δ13C with 
95% Prediction ellipses



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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