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FOOD FRAUD DETECTION BY LASER PHOTOACOUSTIC SPECTROSCOPY  

L. Fiorani, G. Giubileo, L. Mangione, A. Puiu, W. Saleh

Abstract

The Diagnostics and Metrology Laboratory (FSN-TECFIS-DIM) of the Italian National Agency for New
Technologies, Energy and Sustainable Economic Development (ENEA) applied for years laser photoa-
coustic spectroscopy to food fraud detection. After a review of food fraud in the global market, the
present instrument has been investigated and characterized. Then, the measurement of some food
samples is described, in the framework of the Metrofood project. Finally, the technical requirements
for the development of a handheld prototype are briefly outlined.

Key words: Agro-food chain, Food fraud, Quality control, Fast detection, Laser spectroscopy, Pho-
toacoustic technique

Riassunto

Il Laboratorio Diagnostiche e Metrologia (FSN-TECFIS-DIM) dell’Agenzia Nazionale per le Nuove Tec-
nologie, l’Energia e lo Sviluppo Economico Sostenibile (ENEA) ha applicato da anni la spettroscopia
fotoacustica laser alla rivelazione di frodi alimentari. Dopo una rassegna sulle frodi alimentari nel mer-
cato globale, lo strumento attuale è stato esaminato e caratterizzato. Quindi, è descritta la misura di
alcuni campioni di cibo, nel quadro del progetto Metrofood. Alla fine, i requisiti tecnici per lo sviluppo
di un prototipo portatile sono brevemente delineati.

Parole chiave: Filiera agroalimentare, Frodi alimentari, Controllo di qualità, Rivelazione veloce,
Spettroscopia laser, Tecnica fotoacustica
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1. Introduction 

1.1 Research goal 

As it will be described in this introduction, food fraud is an emerging problem of global amplitude. In this 

framework, the Diagnostics and Metrology Laboratory (FSN-TECFIS-DIM) [1] of the Italian National 

Agency for New Technologies, Energy and Sustainable Economic Development (ENEA) applies laser 

spectroscopy, in general, and photoacoustic technique, in particular, to the wide field of quality control of 

agro-food chain [2], focusing mainly on fast detection of food fraud [3] by laser photoacoustic spectroscopy 

(LPAS) [4]. 

The research presented in this report is intended to be the basis for the manufacturing of a handheld and 

sensitive prototype for food fraud fast detection. This device should interface with a database of food types 

which are most targeted in frauds, in order to compare the sample under test with the spectroscopic 

fingerprints of standard materials. 

1.2 What is food fraud? 

Food fraud is the act of purposely altering, misrepresenting, mislabeling, substituting or tampering any food 

product at any point along the farm–to–table food supply–chain. Fraud can occur in the raw material, in an 

ingredient, in the final product or in the food’s packaging. 

“Food fraud” (which has a larger meaning), “food counterfeiting” and “intentional adulteration” are 

alternative terms: they are intentional substitution, dilution or addition to a raw material or food product, or 

misrepresentation of the material or product for financial gain (by increasing its apparent value or reducing 

its cost of production) or to cause harm to others (by malicious contamination). 

According to Gary C. Smith: “Food fraud is the deception of consumers through intentional adulteration of 

food: (a) by substituting one product for another; (b) using unapproved enhancements or additives; (c) 

misrepresenting something (e.g., country of origin); (d) misbranding or counterfeiting; (e) stolen food 

shipments and/or (f) intentional contamination with a variety of chemicals, biological agents or other 

substances harmful to private – or public – health” [5]. 

David Edwards affirms that: “Due to both its global nature and the fact that most food today no longer 

follows a straight line from source to fork, it is more like a supply ‘network’, and tracing an ingredient back 

to its source has become challenging due to this increasing network of handlers, suppliers and middlemen 

globally” [6]. 



8 

1.3 Types of

John Spink 

and intentio

packaging; 

seven distin

 

Food Fra
Incident T

Adulterat

Tamperin

Over-ru

Theft 

Diversio

Simulatio

Counterfei

Patrick Pim

experts. Th

f food fraud 

and Dougla

onal substitu

or false or 

nct kinds of f

aud 
Type 

ion 

ng 
Leg

n 

Leg

on 
Th

on 
Illeg

iting 
I

inclu

mentel states t

he U.S. Foo

as Moyer, de

ution, additio

misleading 

food fraud (F

A component

itimate produc

Legitimate pro

itimate produc

he sale or distr

itimated produ
co

ntellectual pro
ude all aspects

that: “Food f

od and Drug

fines food fr

on, tamperin

statements m

Figure 1 [6] a

Figure

Definit

t of the finishe

ct and packag
way

oduct is made 
agreem

ct is stolen an
procur

ribution of legi
intended m

uct is designed
opy the legitim

operty rights in
s of the fraudu

being fully re

Table 1. F

fraud include

g Administr

raud as: “A c

ng, or misre

made about 

and Table 1 [

e 1. What is foo

tion 

ed product is f

ging are used i
y 

 in excess of p
ents 

d passed off a
red 

itimate produc
markets 

d to look like b
mate product 

nfringement, w
ulent product a
eplicated 

Food fraud inci

es economica

ration (FDA

collective ter

epresentation

a product, f

[7]). 

d fraud? 

fraudulent 

in a fraudulent

production 

as legitimately

cts outside of 

but not exactly

which could 
and packaging

dent types. 

ally motivate

) defines E

rm used to e

n of food, fo

for economic

Mel

t Changed 

Under

y Stolen pro
le

Relief fo
whe

y 
“Knock-
produce

g 
Copie

produce

ed adulteratio

MA as the 

encompass th

food ingredie

c gain” [7] 

 

Example 

lamine added

 expiry informa
up-labeling, e

r-reporting of p

oducts are co
egitimate prod

ood redirected
ere aid is not r

-offs” of popula
ed with same 

assurances

es of popular f
ed with same 

assurances

on, called EM

‘fraudulent

he deliberate

ents or food

and identify

 

 to milk 

ation, product 
etc. 

production 

-mingled with 
ducts. 

d to markets 
required 

ar foods not 
food safety 
s 

foods not 
food safety 
s 

MA by some

, intentional

e 

d 

y 

 

 

e 

l 



substitution

product or r

report entitl

Economic A

the detectio

public heal

ingredients 

(e.g., econo

The 15 mos

shown in Fi

 

Jeffrey C. M

 milk

 milk

 whe

 turm

 oliv

and says tha

from our pe

knowledge 

provides a 

n or addition 

reducing the 

led Food and

Adulteration 

n and preven

lth risks: the

were eviden

omic adultera

st problemati

igure 2 [8]. 

Figure

Moore lists th

k diluted wit

k extended w

eat extended

meric extend

ve oil diluted

at: “Food sa

erspective, f

of the frauds

good examp

of a substan

cost of its p

d Drug Admi

and Protect

ntion of econ

e use of me

ntly added to

ation)” [6]. 

ic ingredient

e 2. Fifteen mos

he following 

th water, 

with melamin

d with urea, 

ded with lead

d with hazeln

fety presume

food safety c

ster define th

ple. With an 

nce in a prod

production’. 

inistration (F

t the Public 

nomic adulter

elamine, an

o products to

s for EMA (

st problematic i

kinds of EM

ne, 

d chromate, 

nut oil, 

es knowledg

collapses to 

he safety of a

LD50 of 3.1

duct for the 

[…] A 2011

FDA): Better

Health ident

ration. The r

industrial c

o increase the

(based on abo

ingredients for 

MA: 

ge of compos

a singularit

a food produ

16 g/kg body

purpose of 

 U.S. Gover

r Coordinatio

tified supply

report highlig

chemical, an

e apparent va

out 550 scho

economically m

sition and, w

ty, and that 

uct throughou

y weight (ra

increasing th

rnment Acco

on Could Enh

y chain comp

ghts two situ

nd heparin, 

alue or reduc

olarly articles

motivated adulte

when the nex

is the fraud

ut the whole 

t), it isn’t pa

he apparent 

ountability O

nhance Effort

plexity as a 

uations posin

a blood thi

ce their prod

s from 1980 

 

teration. 

xt adulterant 

dster. The eth

supply chain

articularly to

9

value of the

ffice (GAO)

ts to Address

challenge in

ng significant

nner, where

duction costs

to 2010) are

is unknown,

hics and the

n. Melamine

oxic. On the

9 

e 

) 

s 

n 

t 

e 

s 

e 

, 

e 

e 

e 



10 

other hand, it caused the deaths of infants and pets. In the case of the pet-food scandal, some fraudsters used 

inexpensive, scrap-grade melamine that was contaminated with cyanuric acid, which hydrogen-bonds with 

melamine and creates a toxic co-crystalline complex that precipitates in renal tubules (Dobson et al., 2008). 

In the case of infant formula, a similar situation prevailed. The melamine complexed with uric acid to form, 

again, a toxic co-crystalline complex, causing renal failure in infants” [8]. 

In fact, counterfeiting of rice, adulteration of sugar and contamination of seafood are also critical issues. 

Lakshminarayana R. Vemireddy and coworkers state that: “Rice, being a staple food crop for over one third 

of the world’s population, has become a potential target for many unscrupulous traders for mixing with low 

grade, low cost grains/products and low nutritious adulterants to fetch profits with least efforts. […] As it is 

difficult to differentiate seeds of various rice varieties based on visual observation accurately, the harvested 

seeds and subsequent processed products are highly prone to adulteration with look-alike and low quality 

seeds by the dishonest traders. To protect the interests of importing countries and consumers, several 

methods have been employed over the last few decades for unambiguous discrimination of cultivars, 

accurate quantification of the adulterants, and for determination of cultivated geographical area. […] 

Adulteration is rife in almost all agricultural food products where distinguishing the adulterant with look-

alike food products is difficult with naked eye/visual observation. Many of the food products targeted for 

adulteration are of high commercial value products and/or produced in high tonnage around the world. […] 

Hence, high quality rices are being adulterated with low quality and low price rices by the traders. For 

instance, the good quality Basmati rices are being blended with look alike low cost non-Basmati rices” [9]. 

Sugar is usually adulterated with sodium carbonate (washing soda) or some other insoluble items such as 

chalk powder. HATTON makes the following points: “There is nothing peculiar about sugar which lends 

itself to fraud: it is simply one of many commodities and trades which are used in similar fraudulent routines. 

Recent developments in international markets have increased the vulnerability of the sugar trade, thus raising 

the profile of frauds. […] With sugar, the fraudulent transaction is almost invariably based on a consignment 

which does not physically exist. Although surprising at first glance, this potential arises because 

bureaucracies everywhere have engendered a belief in the authority of paperwork. Just as worthless paper 

money is accepted as having value, so pieces of paper are accepted as having value, so pieces of paper are 

accepted as proof that a consignment of sugar exists. […] Sugar is openly traded on all the world's major 

commodity exchanges and its price is exactly established. There are several long-standing international sugar 

traders of the highest repute. Offers to sell sugar at less than the ruling market price makes no commercial 

sense - unless the real motive is fraud” [10]. 

According to WHO: “Seafood and fish can become contaminated with pathogens such as Vibrio cholera, 

Salmonella, E. coli, Shigella, Listeria due to human activity or poor hygiene and sanitation during food 

production and processing. There have been outbreaks of foodborne illnesses and infections linked to 

consumption of contaminated fish and seafood. In addition, Methyl mercury is formed by bacterial action in 
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1.4 History 

Figure 3 [1

markets hav

door to foo

endured the

increasing c

companies a

 

1.5 Who’s r

A greater co

would certa

addressing 

adulteration

ways to fac

partner with

1.6 Potentia

David Edw

industry, th

and analysi

starting to l

to create a 

already app

of food fraud

14] shows th

ve grown fro

d fraud on a

e consequen

consumer di

are respondin

responsible? 

ollaboration 

ainly help t

the threat of

n. In addition

ilitate approp

h manufactur

al solutions 

wards affirms

he key focus 

is that sets o

ook into this

global data

pearing to he

d 

he timeline 

om local to gl

a larger scale

nces either 

istrust. Cons

ng to protect

Fig

between all 

to provide s

f food fraud

n to implem

priate testing

rers in their d

s that: “As a

will likely b

out what, wh

s. 2) More tr

abase of sup

lp alert indu

of major pr

lobal, supply

e. Today, a g

through sou

sumers, too, 

t their reputa

gure 3. Timeline

the actors o

safe product

d. Suppliers p

menting strate

g procedures

downstream 

a longer-term

be on: 1) Th

here and how

ansparency a

pply moveme

ustry and regu

roduct safety

y chains have

growing num

urcing and s

are demand

ations” [6]. 

e of major prod

of the food su

ts. Patrick P

play a cruci

egies similar

s, provide inc

efforts to red

m strategic a

he establishm

w often. The

and data sha

ents, inciden

ulators in re

y incident. A

e become mo

mber of leadi

supply chall

ding increas

duct safety incid

upply networ

Pimentel sta

al role in de

r to manufac

creased trans

duce fraud” [

approach can

ment of an ac

e UK Food 

aring between

nts and aler

al time to po

According to

ore complex,

ing manufac

lenges, a dr

ed legislativ

dent. 

rk, mainly g

ates that: “E

eterrence and

cturers’, sup

sparency and

[6]. 

n be develop

cceptable sta

Standards A

n national go

ts. New net

otential prob

o Patrick Pi

, and this ha

cturers and re

rop in mark

ve protection

 

government a

Everyone ha

d detection o

ppliers also c

d timely info

ped by gove

andard of pro

Agency (FSA

overnments a

twork analys

blems. Increa

mentel: “As

s opened the

etailers have

ket share or

ns, and food

and industry,

as a role in

of economic

can consider

ormation and

ernment and

oduct testing

A) is already

and agencies

sis tools are

ased industry

s 

e 

e 

r 

d 

, 

n 

c 

r 

d 

d 

g 

y 

s 

e 

y 



13 

data sharing to the same end, and much closer collaboration between government and the industry. 3) The 

rapid development of technologies and software tools to facilitate vastly improved analysis that can quickly 

pinpoint locations and trends in transgressions. 4) The creation of better risk management tools to identify 

products liable to fraud” [15]. 

According to Patrick Pimentel, the Food Safety Modernization Act (FSMA): “focuses primarily on the 

following to minimize or prevent food safety hazards: 

 Produce safety 

 Imported food safety 

 Mandated inspections on a risk-based schedule 

 Third-party laboratory testing 

 Farm-to-table responsibility 

 Ability to require third-party certification for high-risk operations 

[…] Implementing a strong food defense plan is another way for food processors, packagers and distributors 

to limit intentional and malicious food tampering. Food defense plans are also increasingly required for food 

safety certification and vendor qualification, as well as by FSMA, which requires facilities to identify and 

evaluate food hazards, including those introduced intentionally, and implement and document preventive 

controls to provide assurance that food is not adulterated” [6]. 

1.7 Rapid screening 

Jeffrey C. Moore observes that: “Rapid screening methods are particularly important to industry, where an 

answer is needed within 20 seconds on whether something looks normal. Also required are rapid 

confirmatory methods; verification of abnormality is crucial, before removal of an ingredient from the supply 

chain. Methods for checking purity—e.g. for protein as mentioned above—are essential. And, of course, 

supporting reference materials and spectral libraries are indispensible. […] The analytical method 

predominantly used at USP [http://www.usp.org] to develop standards is the compendial approach, i.e. using 

identity and purity tests to verify the integrity, the authenticity of an ingredient. The concept is to detect 

EMA by looking for a decrease in the purity of an ingredient and by examining a fingerprint for an 

ingredient to check that it matches the known fingerprint. The advantage of this approach is that it can detect 

both known and unknown adulterants. For example, if melamine is present at a significant level, the specific 

assay for protein will reveal a decrease in purity, and the melamine will be detected in an ID test. It’s a 

powerful approach, although its development is challenging. […] Liquid chromatography triple quadrupole 

tandem mass spectrometry (LC-MS/MS) and gas chromatography/mass spectrometry (GC-MS)—relatively 

simple methods—have been developed to test for presence of melamine. […] Figure 4 shows data from 

Fourier transform near-infrared (FT-NIR) spectral analysis, a rapid technique that picks up almost every 

organic compound and some inorganic compounds. These are data from a number of authentic skim-milk-
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Adulterant Analytical solution 

Sudan dyes in spices Chromatography 

Melamine in milk powder Chromatography 

Horsemeat in beef PCR (polymerase chain reaction) 

Gelatine in chicken breast Proteomics 

Misdescription of fish species PCR, DNA bar coding 

Conventional food/organic food HPLC (high-performance liquid chromatography), stable isotopes, etc. 

Seed oils in olive oil Chromatography 

Cow’s milk added to sheep’s 
milk 

Electrophoresis 

Adulteration of fruit juices 
Chromatography, stable isotopes, SNIF-NMR (site-specific natural isotope 

fractionation-NMR) 

Adulteration of wine NMR, stable isotopes 

Table 3. Adulterants and analytical solutions. 

Instrument Description 

Mass 
Spectrometers 

Enable to conduct quantitative and qualitative analysis across a wide range of applications. 

SWATH 

SWATH Acquisition on a SCIEX TripleTOF® system has rapidly become one of the premier mass spec 
acquisition strategies for identification and quantitation of analytes complex samples. No other technique can do 
what SWATH can do. SWATH is the only data independent acquisition (DIA) technique that allows 
comprehensive detection and quantitation of virtually every detectable compound in a sample (MS/MSALL). This 
provides confidence in your quantitative results and virtually eliminates the risk of missing a critical component. 
SWATH Acquisition strategy can only be achieved through the power and speed of SCIEX TripleTOF® and 
QTOF technology 

SelexION 

The SCIEX SelexION device is an innovative achievement in differential ion mobility spectrometry (DMS). This 
DMS tool delivers highly-selective, robust and powerful ion separation that significantly enhances your 
quantitative and qualitative performance. Designed to be simple to install without the need to break vacuum on 
your MS, and compatible with UHPLC timescales, this separation device can help you address your biggest 
analytical challenges: 

 Overcome co-eluting matrix interferences and improve data quality in complex samples 
 Separate isobaric compounds for increased confidence in detection 
 Detect and quantify isobaric lipid molecular species for more accurate biological insights 
 Reduce background noise that may be limiting your LOQ 
 Save time with simplified sample preparation 

Microflow LC-
MS 

SCIEX microflow LC-MS can transform the way you work and take your lab to a superior level of productivity. 
This innovative technology delivers the perfect combination of robustness, sensitivity and flexibility. Microflow 
LC-MS offers the best compromise between sensitivity and robustness—more sensitive than traditional 
analytical flow LC and more flexible and more robust than nanoflow LC — giving you the potential to optimize 
your biopharma or proteomics workflows, today and into the future. 

NMR 
Spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy is a method that is gaining ground in food analysis, and has 
been successful in characterizing products such as beer, juice and infant formulas. It has the advantages of 
being able to reveal multiple components of a foodstuff on a single spectrum and, with the help of automation, 
can deliver rapid throughput analysis. NMR spectroscopy did not just provide qualitative information. By 
correlating NMR data with that from gas chromatography. Screening with NMR may provide an advantage over 
other screening procedures for food fraud and contamination. 

FT-NIR Today well established for quality control applications in all industries including food, agriculture and chemical 
sector. 

Table 4. Integrated solutions with their descriptions. 
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A list of adulterants and analytical solutions has been recently provided by Franz Ulberth (Table 3 [16]). An 

example of list of integrated solutions with their descriptions is given in Table 4, filled in with information 

provided by SCIEX [17]. 
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The following samples of rice flours have been examined: 

1. Basmati sold by Eurospin, 

2. Basmati sold by Coop, 

3. Carnaroli sold by Eurospin, 

4. Metrofood. 

Each sample has been measured four times (1 s per each measurement). In the spectra, each point has been 

obtained averaging the four measurements. 

The following types of rice grains have been examined: 

1. Basmati sold by Eurospin, 

2. Carnaroli sold by Eurospin, 

3. Whole grain sold by Coop, 

4. Metrofood (two samples). 

Each sample has been measured three times (1 s per each measurement). In the spectra, each point has been 

obtained averaging the three measurements. 
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4. Conclusions 

At first, the LPAS instrument has been carefully examined: stepper motor, frequency response and signal 

linearity have been characterized. The conditions for optimum operation have been determined. 

Then, some food samples have been measured and the LPAS instrument demonstrated its discrimination 

capability in the case of different types of rice, both as flour or grains. 

As far as the improvement and the miniaturization of the actual system are concerned, the following 

technical notes can be drafted: 

1. Replace the CO2 laser with a smaller size and more stable source, such as a quantum cascade laser 

(QCL) with small cooling system (e.g. electronic cooling). 

2. Reduce the size of the platform holding the samples, e.g. including only two sample holders instead 

of ten: this will allow the elimination large platform, electronic circuit, motor and fan. 

3. Miniaturize all the electronic circuits. 

4. Add a digital switch for the microphone. 

5. Avoid cooling fans or replace them with electronic cooling (saving space and minimizing ripple 

noise). 

6. Arrange all the connections (with short wires) on one board. 

7. Reduce the distances between the subsystems of the instrument. 

8. Replace laser detector and beam steering mirrors/windows with smaller ones. 
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