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Ambition – Photonics for food tasting

One shot of light
for multi-component analysis

 ‘green’ analytics

 non-destructive

 rapid
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Motivation

• Online monitoring of nutraceutical and quality 
indicators

• Towards a modern nutraceutical labelling of natural 
products for QR codes
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Raman spectroscopy
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Raman fingerprints of beverages & sodas

500 1000 1500 2000
0

0.05

0.1

0.15

0.2

0.25

Wavenumber  ( cm
-1

 )

O
u

tp
u

t 
 (

 c
o

u
n

ts
 /
 m

s
 )

 

 

Fructose

Glucose

Tonics & Sodas

Orange drinks

400 600 800 1000 1200 1400 1600 1800
0

0.5

1

1.5

2

2.5

3

3.5

Wavenumber  ( cm
-1

 )

O
u

tp
u

t 
 (

 c
o

u
n

ts
 /
 m

s
 )

Coke  Drinks

 

 

ccc

ccl

ccz

pep

Fructose

Glucose

500 1000 1500 2000
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Wavenumber  ( cm
-1

 )

O
u

tp
u

t 
 (

 c
o

u
n

ts
 /
 m

s
 )

 

 

bas

coc

lyc

tam

Fructose

Glucose

Sucrose



Data processing issues
extraction of information from spectra

http://www.chemometrics.com/ 

http://www.infometrix.com/chemometrics/chemometrics.html

http://www.spectroscopynow.com/ coi/cda/home.cda?chId=9

ValidationCalibration and predictive model 
building for evaluation of quality 
indicators

R2 = 1R2 << 1

Selected reference samples

Analytical dataMeasured spectra
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PLS predictive models
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M =  number of spectral channels (discrete wavenumbers)
rm =  regression coefficient corresponding to m-th wavenumber
xn m =  value of the Raman spectrum of n-th sample at m-th
wavenumber
< x >m =  mean value of Raman spectrum at m-th wavenumber, 
for the calibration set
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Raman spectroscopy

I Raman 
4
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Raman shift (cm-1)

anti-Stokes Stokes



Raman spectra – 785 nm versus 1064 nm
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Raman spectroscopy @ 1064 nm

RamSpec-1064nm-HR
BaySpec Inc., San Josè CA
www.bayspec.com

Laser power: 400 mW
Detector cooling: - 55°C

11www.bayspec.com www.rigakuraman.com www.wysri.com www.metrohm.com



Raman spectroscopy @ 1064 nm
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optical fiber for
laser excitation

optical fiber for
Raman signal collection

convex lens
laser collimating

convex lens

band-pass filter
laser cleaning

long-pass filter

mirror

dichroic mirror

convex lens
focusing laser on sample and collecting 

Raman scattering

sample or target for
Raman spectroscopy

1064 nm laser

Raman scattering

Nd:YAG laser
=1064 nm

laptop for HW management 
and SW processing

dispersive spectrometers and 
cooled InGaAs array detector

optical fiber
for illumination

Raman probe

optical fiber
for detection



Honeys form Calabria
Raman spectra + some maths = QR codes

• Distinguishing the botanic origin

• Predictive models for sugar profile

• Potassium as important nutraceutic indicator
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Raman spectra of honeys
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Honeys and sugars
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Raman band
(cm-1)
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Distinguishing the botanic origin
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PCA + LDA + KNN
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Honey: PLS predictive models
for sugars & potassium

Analyte RMSEC R2 (cal) RMSECV R2 (val)

SU
G

A
R

S

Monosaccharides
(mg/g)

Glucose 7,3 0,96 11 0,92

Fructose 5,5 0,89 7,6 0,82

Disaccharides
(mg/g)

Maltose 3,5 0,83 5,3 0,66

Trehalose+Isomaltose
+Kojibiose+Nigerose

2,3 0,91 3,6 0,83

Trisaccharides
(mg/g)

Erlose+Isomaltotriose
+Panose

2,6 0,89 3,9 0,80

POTASSIUM (mg/g) 0,3 0,97 0,5 0,94



Blueberry powder
anthocyanins as quality indicators
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m2
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m5
Total Anthocyanins

parameters of predictive model

R2 – calibration 0,78

RMSEC (mg/hg) 43

R2 – validation 0,75

RMSECV (mg/hg) 48



Blueberry juices
°Bx and carbohydrates as quality indicators

Parameter and
model results

Carbohydrates BRIX 
degrees

RMSEC 0,80 g/hg 0,97%

RMSCV 0,97 g/hg 1,1%

R2 (cal) 0,887 0,9

R2 (val) 0,840 0,88
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Wheat bran
DON aflatoxin as safety indicators

Sample 

ID code

DON 

(µg/kg)
Classes
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< LOD

< LOD
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Class A
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µg/kg
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30
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Class B

DON > 400 

µg/kg
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KNN confusion matrix (K = 3)

Predicted 
negative

Predicted 
positive

True negative 42 6

True positive 1 47
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...... Thank you 


