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Introduction
Introduction

(https://www.sainsburys.co.uk/; https://groceries.morrisons.com/; Regulation (EC) No 1924/2006)
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Introduction

(Prieto et al., 2017)
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Introduction

Search alternative 
analytical methods

(Prieto et al., 2017)

¡Cost-effective

¡Rapid

¡Easy-to-use

¡Environmentally friendly

Traditional methods

¡Expensive

¡ Time consuming

¡Skilled personal

¡ Toxic solvents and reagents
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Infrared (IR)
spectroscopy

Energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy
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Introduction

IR
spectroscopy

EDXRF 
spectroscopy

nm

nm

(https://www.ssi.shimadzu.com/service-support/faq/uv-vis/light-and-theory/4/index.html)
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Infrared (IR) Spectroscopy
Introduction IR

Principles

(Pu et al., 2020)
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Introduction IR

(https://www.inno-spectra.com/about.php?lang=cn)

(Pu et al., 2020)

Principles
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Introduction IR

Principles

(https://www.inno-spectra.com/about.php?lang=cn)

(https://psiberg.com/infrared-spectroscopy/?utm_content=cmp-true#)

Vibrational mode

(Pu et al., 2020)

Vibrational Frequencies

NIR Absorption Bands

(https://www.inno-spectra.com/about.php?lang=cn)
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Introduction IR

(Prieto et al., 2017) (Goi et al., 2019)

Meat

Dog Food

Cheese

(Manuelian et al., 2017)

Milk Powder

(Pu et al., 2020)
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Introduction IR

Location

(https://www.inno-spectra.com/about.php?lang=cn)



EAAP + WAAP + Interbull Annual Meeting, Lyon (France)
 August, 26th – September, 1st 2023 

Introduction IR

NIR vs MIR

(adapted from Pu et al., 2011)

Parameter NIR MIR
Spectral Region 800 – 2500 nm (shorter 

wavelength)
4000 – 400 cm-1 (longer wavelength)

Light Energy Higher Lower
Vibrational Frequencies Overtones and 

combinations
Fundamental

Spectral Peaks Broad and overlapped, 
weak intensity

Sharp, strong intensity

Peak Assignment Not straightforward Can be assigned to specific functional groups,
providing ‘fingerprint’ information of the sample

Cost Lower Higher

Sample preparation None Liquid
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Introduction IR

Models development

¡At least 120 samples for robust 

calibration model

¡At least 25 samples for validation

¡Regularly validated and updated

¡Standardisation needed for 

calibration transfer

(Pu et al., 2020)
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Introduction IR

Prediction models assessment

(De Marchi et al., 2018; Prieto et al., 2017)

¡R2: coefficient of determination 

¡RMSECV or RMSEP: root mean square 

error of cross-validation or prediction

¡RPD: Ratio of performance deviation 

SD/SEP or SECV

¡Bias

(Pu et al., 2020)

(Prieto et al., 2017)
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Introduction IR

(De Marchi et al., 2017)

In Meat Products
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(adapted from Kraggerud et al. (2014) by De Marchi et al. (2018))
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(De Marchi et al., 2018)

mean, g/100 g cheese
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Introduction IR

(Liu et al., 2018)

Authentication Organic Milk

(Manuelian et al., 2021)
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Introduction IR

(Prieto et al., 2017)

Portable devices
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Introduction IR

(Prieto et al., 2017)

Portable devices
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Introduction IR

(Manuelian et al., 2022)

Portable devices

Pocket-sized NIR:
67.7 × 40.2 × 18.8 mm; SCiO™
Every 1 nm from 740 to 1070 nm 
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Introduction IR

Limitations

(De Marchi et al., 2018; Pu et al., 2011)

¡Complex data analysis (chemometrics)

¡Sometimes only for screening or classification

¡Compounds not related to organic molecules (minerals)

¡ Limit detection of constituents/contaminants (< 0.1%)

¡Unit of measurement (fatty acids)
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Energy-dispersive X-ray fluorescence (EDXRF) spectroscopy
Introduction IR

Principles

(https://www.horiba.com/int/scientific/technologies/energy-dispersive-x-ray-fluorescence-ed-xrf/what-is-x-ray-fluorescence-xrf/)

EDXRF

¡Covers all elements from Na  Uranium

¡ From 100% to ppm

¡ Limit of detection depends on the element and matrix

¡Heavier elements better detected

¡Qualitative and quantitative analysis
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Introduction IR

Principles
EDXRF

(https://www.horiba.com/int/scientific/technologies/energy-dispersive-x-ray-fluorescence-ed-xrf/what-is-x-ray-fluorescence-xrf/)
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Introduction IR

Principles
EDXRF

(https://www.horiba.com/int/scientific/technologies/energy-dispersive-x-ray-fluorescence-ed-xrf/what-is-x-ray-fluorescence-xrf/)

1st

2nd

3rd
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Introduction IR

Principles
EDXRF

(https://www.horiba.com/int/scientific/technologies/energy-dispersive-x-ray-fluorescence-ed-xrf/what-is-x-ray-fluorescence-xrf/)

¡Energy of the emitted fluorescent X-ray directly link specific element

¡Calcium peak same position for CaCO3, CaO and CaCl2
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Introduction IR EDXRF

Models development

¡Calibration curves using standard references (<10 samples)

¡Own calibration curves (<50 samples)

¡Regression model between reference (concentration) and intensity produced 

by ED-XRF

¡R2: coefficient of determination 

¡About 20 min per sample read

(Visentin et al., 2020)
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Introduction IR EDXRF

Application in milk and dairy products

(Pashkova et al., 2018)
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Introduction IR EDXRF

Fluid milk

(Visentin et al., 2020)

¡Need sample freeze-

drying to reduce the 

moisture content

Ca K

P Na

S Mg
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Introduction IR EDXRF

Cheese

(Visentin et al., 2020)

¡Affected low amount Na and Mg, 

and low atomic weight
Ca K

P Na

S Mg
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Introduction IR EDXRF

Conclusions
Conclusions

¡ Benchtop  portable devices

¡ Gross  detailed composition (fatty acids, amino acids, minerals…)

¡ Quantification  authentication (organic, free-range…)

¡ Ground  intact samples

¡ Introduced to predict mineral composition

¡ More research is needed in animal-derived products

Infrared Spectroscopy

Energy-dispersive XRF



EAAP + WAAP + Interbull Annual Meeting, Lyon (France)
 August, 26th – September, 1st 2023 

Introduction IR EDXRF Conclusions
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