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“Where there is a sea, 

there are pirates”
– Ancient Greek proverb



Background



40–50 bn pa

10%

Commercial 
food supply

2–3 bn pa

Johnson, 2014; GMA, 2016; Lowe, 2018; Steinberg & Engert, 2019; Halder, 2020; Smith et al., 2021. Images from flaticon.

Background

Global reach of food fraud

▪ Fraud in food and beverage sector = big business



INTENTIONAL

Motivation is 

ECONOMIC GAIN

▪ No consistent statutory definition

European Commission, 1995; Spink & Moyer, 2011; Manning & Soon, 2016; Morin & Lees, 2018; Spink et al., 2019; Smith et al., 2021. Images from Flaticon.

Background

Definition of food fraud

Food fraud



FOOD 
FRAUD

Manning & Soon, 2016; Morin & Lees, 2018; Spink et al., 2019; Smith et al., 2021.

Adulteration ❖ Melamine to milk 

❖ Water to milk, wine 

❖Pork mixed into 
prawn balls

❖ Tuna treated with 
carbon monoxide

❖Catfish sold as grouper 

❖ Imitation wine / 
spirits with fake labels 

❖ Selling fish from IUU fishing 

Background

Unapproved 
enhancement

Dilution

Concealment Grey market

Mislabelling

Substitution Counterfeit



Seafood Dairy products Meat / poultry Oils and fats Alcoholic beverages

Spices & herbs Honey Non-alcoholic Grains Coffee / tea
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2010 – 2019 

Decernis October 2019 newsletter. Images from flaticon.

Background

Most ‘at risk’ for food fraud - global



Wine

Seafood

Beef / veal
$500–900m

per annum

1                 

2                 

3                 

$75–189m
per annum

$150–205m
per annum

McLeod, 2017; Smith et al., 2021. Images from flaticon.

Background

Most ‘at risk’ for food fraud – Australia



Kim et al., 2015; Smith et al., 2021

▪ Seafood products are most vulnerable to fraud where:

▪ Large difference in value depending on provenance or attributes

▪ Sold in form that makes verification of labelling claims difficult

   (e.g., carapace removed / processed vs. whole items)

Background

Most ‘at risk’ for food fraud



▪ SafeFish recently identified fraud as ‘critical risk’ for Australia’s prawn sector

Background

Most ‘at risk’ for food fraud



Scale of 
seafood fraud
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How did I get here?

▪ Authenticity 

▪ Traceability



Scale of seafood fraud

My research
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Scale of seafood fraud

My research

NZ

Australia

Singapore

UK

USA

Canada

South Africa

Turks & Caicos

800

38% (32 / 84)

55% (18 / 33)

55% (58 / 106)

22% (7 / 32)

8% (1 / 13)

16% (5 / 32)

10% (4 / 38)

21% (53 / 248)

96% (27 / 28)

Global reach of finfish mislabelling

30% average

Cawthorn et al., 2012; 2015; Calosso et al., 2020.



Scale of prawn fraud

My research

species

South Africa

32% (21 / 65)

Cawthorn & Hoffman, 2017. Image from FreePik.



Scale of prawn fraud

Literature search

species

South Africa

32% (21 / 65)

Global reach of prawn mislabelling

USA
South 
Korea

India

Spain

Australia

34% (36 / 106)
Species 
+ origin

33% (33 / 100)

species

29% (8 / 28)
origin

16% (11 / 68)

species

100% (33 / 33)

species

2–12% (n = 116) species

Cawthorn & Hoffman, 2017; Korzik et al., 2020; Galal-Khallaf et al., 2016; Ortiz-Moriano et al. 2024; Wilwet, et al., 2021; Cundy et al., 2023; EFJ, 2019.

Litopenaeus vannamei

(low value, widely farmed)



Scale of prawn fraud

Literature search 

Global reach of prawn adulteration

Singapore

USA

Canada

VietnamCambodia

Bangladesh China

Aquaculture prawns injected 
with jelly-like substance to 

increase weight

Aquaculture prawns soaked 
in formaldehyde and caustic 

soda to increase weight 

Unauthorised veterinary 

residues in imported 

aquaculture prawns

Pork DNA in 
prawn balls

Hussey, 2016; Sinclair, 2019; FAN, 2023; Khmer Times, 2023; Gayle et al., 2009; Dinh et al. 2020; China Dialogue, 2011; Ho et al., 2020. Images from Flaticon.   



Scale of prawn fraud

Literature search 
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20%
(187 reports)

Lawrence et al., 2022.   

Seafood species identified in food fraud reports, 
Jan 2010 – Dec 2020

Chain of 
custody abuse

Undeclared 
extension

Fishery 
substitution

Species 
substitution 

83%

5%

4%

4%



Impacts of 
food fraud



40–50 bn pa
Global food 

supply

Steinberg & Engert, 2019; Halder, 2020; Smith et al., 2021. Images from flaticon.

$39.00 
per kg

$20.00 
per kg

$18.00 
per kg

woolworths.com.au; coles.com.au.

Impacts of food fraud

Economic impacts



Avila, 2012; Williams et al., 2020; Ortiz-Mariano et al., 2024; Bansal et al., 2017. Images from flaticon.

▪ Substantial, often overlooked consumer health risks – fraudulent practices

Acute toxicity 

Chronic toxicity

Deprived nutrition

Impacts of food fraud

Health impacts

Heavy metals

Allergens

Toxins

Chemicals

Pathogens



Impacts of food fraud

Reputational impacts

Public distrust

Market integrity

Loss of 
consumers

Biosecurity

Brand damage



Way forward 
Challenges and tech solutions



van Ruth et al., 2017; Smith et al., 2021.

Opportunities Motivation
Control 

measures

Food fraud 
vulnerability

Drivers of food fraud



Smith et al., 2021; Harrison et al., 2021 (Minderoo Foundation).  Image from FreePik.

Drivers of food fraud

Opportunities proliferate when

▪ Supply chains are complex

▪ Food changes hands many times

– Difficult to identity source of fraud

▪ Example – risks associated with imported goods

▪ Especially if seafood import and labelling polices weak (Australia)

Opportunities

Supply chain complexities



Drivers of food fraud

Supply chain pressures

▪ Recent global shocks

▪ Increased food demand 

▪ Supply chain disruption, RM shortages and reduced regulatory oversight

Brooks et al., 2021; Sanderson, 2021; Smith et al., 2021; Onyeaka et al., 2022. Images from Flaticon.

Covid-19 Brexit Russia/Ukraine war

Q1 Q2 Q3 Q4

2019 2020 Linear (2020)



Drivers of food fraud

Technology

▪ Modern technologies

▪ Fabricate products

▪ Counterfeit labels

▪ Falsify documents

Images from Flaticon.



   Tended to rely on analytical laboratory testing 

▪ Demonstrate product authenticity 

▪ Detect potential adulterants

Bansal et al., 2017; Hong et al., 2017; McGrath et al., 2018; Brooks et al., 2021; Smith et al., 2021.

Technologies to combat fraud

Control 
measures

Laboratory-based techniques



Bansal et al., 2017; Hong et al., 2017; McGrath et al., 2018; Brooks et al., 2021

Technologies to combat fraud

Laboratory-based techniques

▪ PCR-based

▪ DNA barcoding

▪ Next-generation 

sequencing (NGS)

Chromatography

▪ GC-MS

▪ LC-MS

▪ IR-MS

▪ ICP-MS

▪ NIR

▪ FTIR 

▪ NMR

▪ XRF

Spectroscopy

▪ LC / HPLC

▪ GC

▪ TLC

Molecular
Species

ATG
CGT

CTA
CG

TACGCAGATCC

Immunological

Electrophoresis

▪ ELISA-based

▪ Lateral flow 

devices

▪ PAGE

▪ Capillary 

electrophoresis

▪ Microscopic 

▪ Macroscopic

▪ Morphology

▪ Aroma / Flavour

▪ Texture

▪ Solubility

▪ Bulk density

Physical / sensory

Adulterants

Origin / 
production

Offer precise and reliable resultsBut come with time and cost considerations



Rapid diagnostic methods

   Real-time, cost-effective verification

Control 
measures

Lateral flow assays Portable DNA devices Handheld scanners

   Rapid diagnostic methods – valuable tools for on-site fraud screening

▪ Empower stakeholders to do quick preliminary checks

▪ Reduce window for fraudulent activity

Technologies to combat fraud



Martino et al. 2023. Images from FreePik.

Technologies to combat fraud

Method: Portable, handheld x-ray fluorescence (XRF) scanner

Researchers: Australia’s Nuclear Science & Technology Organisation 

Determines: Origin and production method (farmed / wild)

Application: Used to verify origin of raw black tiger prawns 

(Penaeus monodon) from across Australia; >80% accuracy  

Handheld XRF Scanner



Technologies to combat fraud

Method: Handheld tool integrating multi-mode spectroscopy 

(FL, VIS-NIR, SWIR) and Artificial Intelligence (AI)

Supplier: SafetySpect

Determines: Species and freshness of fish fillets

Application: Species with >95% accuracy, freshness within ± 1 day

Next-Gen AI-Driven Multimode Spectroscopy

https://safetyspect.com.

Multi-mode 

spectroscopy

▪ Fluorescence

▪ Visible & Near-

Infrared Reflectance

▪ Short-wave Infrared 

Reflectance

AI to classify and 

segment results

Escolar vs. Atlantic cod

Nile perch vs. grouper

Swordfish vs. mako shark

Red snapper vs. rockfish



Technologies to combat fraud

Method: DNA test to identify fish species based on disposable dipstick

Researchers: EU-funded project: Hellenic Centre for Marine 

Research and University of Patras

Determines: Sardines (Sardina pilchardus)

Tuna (Thunnus albacares; Katsuwonus pelamis)

Application: Dipsticks identified species in 90 minutes

Rapid DNA dipstick

EU Directorate-General for Maritime Affairs and Fisheries, 2024. Images from flaticon.



Technologies to combat fraud

Method: Rapid paper-strip kits to detect fish adulteration:

Researchers: India’s Central Institute of Fisheries Technology

Application: Detects adulteration by colour change in 2–3 mins

Rapid kits for formalin and ammonia adulteration

ICAR-CIFT, 2018.

Negative Positive

Formalin detection in fresh fish

Negative Positive

Ammonia detection in fresh fish

▪ Formalin 

▪ Ammonia

(illegally used to enhance shelf life and colour)



Technologies to combat fraud

Digital traceability

   Traceability – important mechanism for combatting food fraud

▪ Although not new

▪ Modern technologies have transformed the landscape

Control 
measures



Artificial intelligence
Advanced analysis and insights; identifying patterns, anomalies, risks; 

improving forecasting / decisions; detecting fraud / non-compliance

Real-time monitoring of products, location and environmental conditions

Blockchain / digital ledgers

Secure and transparent platforms to record and verify the prawn journey

Internet of Things (IoT)

Artificial Intelligence (AI)

Technologies to combat fraud

Digital traceability



Technologies to combat fraud

Technologies have immense 

potential to bolster anti-fraud efforts, 

enhance transparency, uphold supply 

chain integrity 

Technology alone is 

not enough.

 - Steve Jobs - 



Modus operandi of food fraudsters

▪ Elude detection

▪ Sophisticated

Knowledge of technological shortfalls and how to exploit them

Technologies to combat fraud



Mitigation of food fraud

▪ Food fraud prevention strategies to be effective

▪ Should adopt an integrated approach

▪ VACCP – Vulnerability Assessment and Critical Control Points 



Fraud 
preventation plan

Vulnerability 
assessment

Reputable information

INFORMATION

ASSESS

STRATEGY

Counter 
measures

1

2

▪ Analytical testing

▪ Traceability

▪ Audits

▪ Tamper proofing

▪ Incident scanning

▪ Horizon scanning

▪ Supplier / supply 

chain information

IMPLEMENT

3

4

Mitigation of food fraud

VACCP approach

▪ Supply chain 

management



Mitigation of food fraud

Government regulatory role

Traceability 
policies

Labelling 
regulations

Surveillance 
regimes

Import 
controls



Mitigation of food fraud

In short…

Being a Prawn Farmer, Researcher, Policy Maker

and

Think like a criminal

▪ Where in the supply chain is there most temptation for fraud?

▪ Where can most value be added? 

▪ What is traded in large quantities that could be subject to 

substitution, bulking or diluting, is expensive and untested?



This project received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under the Marie 
Sklodowska-Curie grant agreement No 701737. 

Thank you!!
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