






ACTIVE  IR 
STRECHTING 

CHANGE  IN DIPOLAR MOMENT OF 
THE MOLECULES MUST OCCUR!

INACTIVE  IR 
STRECHTING 



BOND STRENGHT 

k = bond strenght

m* = mA mB / (mA + mB)

PEAK POSITION 



SIMMETRIC AND ASIMMETRIC 
STRETCHING 

HYDROGEN BONDS







SPETTROMETRI IR E FTIR (O FT-NIR) 



MICHELSON INTERFEROMETER





UNTREATED SAMPLES IN FTNIR



http://www.brukeroptics.cz/applications/food-feed-and-
beverage/

http://galaxy-scientific.com/feed-and-feed-ingredients-
analysis-ft-nir/



shelf life of Crescenza cheese

Optical fiber on the surface of the sample  

5 spectra per sample,  second derivative of 

the spectra used to ampilfy the difference

PCA 



The score plot shows difference in 

behviour of the samples at 2 

different temperatures (8° and 

15°), more evident at longer times. 

The loading plot shows the role of each variable

(wavelenght) with respect to the principal

components

There are variations due to water and lipids . Using 

the second derivative spectra reorganisation of the 

proteic matrix is noticed. 

The data  (shelf life 6-7 days a 8-10°) comparable

with chemical analysis



Optical fiber in the centre 

1 spectrum every 5 min per 180 min

Bakery products



BASELINE CORRECTION 



Score e loading plot PC1 

explain 98% of the variance

Comparing PC2 e 3 evident

contribution of water and starch

( PC3) 



Second derivative Score e loading plot 

Better separation of the series and a 

clear effect on proteins and gluten

appears (C=O)



Minimun of  PC2 corresponding to the 

collapse of the dough

PC3 gives max speed of the 

process



Differences in presence of oats in the dough



86 samples of  extravirgin olive oil from  Abruzzo, 

Marche e Puglia (2006 e 2007)

• Chemical analysis (FA, PV, spectrophotometric

indices)

• Determinaton of fatty acids (GC)

FTIR spectra acquired  with  Tensor 27TM FTIR 

(Bruker Optics, Milan, Italy), inteferometer

RocksolidTM and  detector DigiTectTM with ATR. ATR 

(Specac Inc., Woodstock, GA, USA) had ZnSe

crystal. 

Spectra  (32 scans/sample) acquired in the  600 to 

4000 cm-1 range with a resolution of   4 cm-1.

Quantitative analysis of :
•Oleic acid
• linoleic acid
• Saturated Fatty acids (SFA)
• Monounsaturated fatty acids (MUFA)
• Polyunsaturated fatty acids (PUFA)
• Peroxides value
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Data processing and calibration models

Data  exported as ASCII file with OPUS 6.0 software and  processed with a PLS 

routine (Partial least squares) run on  Matlab (Mathworks Inc., Natick, MA, USA).

For each parameter a PLS model has been built starting from a training set and 

taking as true value the data obtained using GC or chemical analysis  

Spectra initially processed entirely have been reduced using   a “moving-

windows” strategy with a Matlab routine.

Property MUFA PUFA SFA 

Calibration    

Spectral range (cm
-1

) 700-3033 700-3033 700-3033 

Linear range (% in VOO) 64 - 81 13 - 20 6 - 16 

Number of factors (LVs) 14 15 13 

Number of training samples (N) 61 61 61 

PRESS
a 

10.59 2.52 6.11 

Root mean square deviation (RMSD, %) 0.42 0.20 0.32 

Relative error in calibration (REC %) 0.56 2.23 1.95 

r
2
 0.9883 0.9941 0.9557 

Selectivity 0.1734 0.1988 0.1378 

Sensitivity (SEN) 0.0009 0.0015 0.0020 

Analytical sensitivity, [γ= (SEN/σo )] 0.17 2.07 0.32 

Minimum concentration difference 6.0 0.48 3.17 

Limit of detection (LOD, % in VOO) 3 0.28 1.3 

Limit of quantification (LOQ, % in VOO) 10 0.94 4.5 

    

Validation    

Number of validations samples 25 25 25 

Recovery rates (%) 100 103 98 

Relative error in Prediction, (REP, %) 1 4 6 

r
2
 0.8884 0.9816 0.7099 

yo 5  5 0.4  0.2 5  1 

Slope 0.93  0.07 0.98  0.03 0.7  0.1 

 1 



Property Oleic Acid Linoleic Acid 

Calibration   

Spectral range (cm
-1

) 700-3033 700-3033 

Linear range (% in VOO) 62 - 80 5 - 15 

Number of factors (LVs) 14 13 

Number of training samples (N) 61 61 

PRESS
a
 10.88 9.33 

Root mean square deviation (RMSD) 0.42 0.39 

Relative error in calibration (REC %) 0.51 4.64 

r
2
 0.9886 0.9773 

Selectivity 0.1785 0.1988 

Sensitivity (SEN) 0.0009 0.0016 

Analytical sensitivity, [γ= (SEN/σo )] 0.18 1.17 

Minimum difference (%) 5.6 0.9 

Limit of detection (LOD, % in VOO) 3 0.5 

Limit of quantification (LOQ, % in VOO) 10 1.7 

   

Validation   

Number of validation samples 25 25 

Recovery rates (%) 100 98 

Relative error in Prediction (REP %) 1 7 

r
2 

 0.9232 0.9444 

yo 4  4 0.1  0.4 

Slope 0.94  0.06 0.96  0.05 

 1 

Results I: oleic and linoleic acid



Property MUFA PUFA SFA 

Calibration    

Spectral range (cm
-1

) 700-3033 700-3033 700-3033 

Linear range (% in VOO) 64 - 81 13 - 20 6 - 16 

Number of factors (LVs) 14 15 13 

Number of training samples (N) 61 61 61 

PRESS
a 

10.59 2.52 6.11 

Root mean square deviation (RMSD, %) 0.42 0.20 0.32 

Relative error in calibration (REC %) 0.56 2.23 1.95 

r
2
 0.9883 0.9941 0.9557 

Selectivity 0.1734 0.1988 0.1378 

Sensitivity (SEN) 0.0009 0.0015 0.0020 

Analytical sensitivity, [γ= (SEN/σo )] 0.17 2.07 0.32 

Minimum concentration difference 6.0 0.48 3.17 

Limit of detection (LOD, % in VOO) 3 0.28 1.3 

Limit of quantification (LOQ, % in VOO) 10 0.94 4.5 

    

Validation    

Number of validations samples 25 25 25 

Recovery rates (%) 100 103 98 

Relative error in Prediction, (REP, %) 1 4 6 

r
2
 0.8884 0.9816 0.7099 

yo 5  5 0.4  0.2 5  1 

Slope 0.93  0.07 0.98  0.03 0.7  0.1 

 1 

Results II: MUFA, PUFA, SFA



Property D
o
 D’ D” 

Spectral range (cm
-1

) 4000-700 4000-700 4000-700 

Calibration range (meqO2 kg
-1

oil) 5.7-15.7 5.7-15.7 5.7-15.7 

Number of factors (LV) 5 10 7 

Number of training samples 23 24 24 

PRESS
a
 (unidades) 174.66 152.35 191.32 

Root mean square deviation, RMSD (unidades) 1.4302 0.6933 0.9482 

Relative error in calibration, REC (%) 15.6 7.2 9.9 

r
2
 0.8040 0.9759 0.9446 

Selectivity 1.0    0.35 0.55 

Sensitivity (SEN) 0.0044 0.0001 0.0001 

Analytical sensitivity, [γ= (SEN/σo )] 1.2 1.1 1.1 

Minimum concentration difference (unidades) 0.8 0.9 0.9 

Limit of detection (LOD) (unidades) 3.1 1.0 1.6 

Limit of quantification (LOQ) (unidades) 10.3 3.4 5.2 

    

Number of validations samples 10 10 10 

Recovery rates (%) 74.7 97.7 96.0 

Relative error in Prediction, REP (%) 23.7 13.6 12.2 

 1 

Results III: PV



calibration set () and trainingset (○)

MUFA PUFA SFA

Ac. oleico Ac. linoleico PV


