
Untargeted analysis E-noses
and FTIR



➢Electronic noses are engenireed to mimic the mammalyan 
olfactory sistem

➢ Instrumentent designed to allow detection and 
classification of aroma mixtures  

➢Refers to the capability of reproducyng human senses
using sensor arrays and pattern recognition system



✓ environmental monitoring for air quality control

✓ food quality and safety control

✓ cosmetic industry control 



An electronic nose can now diagnose cancerous tumors. A new research have designed 
an electronic nose to help diagnose malignant mesothelioma early on. This nose can 
detect the presence of the tumor with a breath test. Malignant mesothelioma is an 
uncommon, usually fatal, cancerous tumour of the lining of the lung and chest cavity or 
lining of the abdomen (peritoneum) caused by long-term asbestos exposure. The 
device was designed to distinguish between benign and malignant disease and to 
detect the disease early. “If you catch it earlier, your chances of actually giving people 
the right treatment to stop it spreading are actually better,” said team leader, Deborah 
Yates. “We tried to exclude the other asbestos diseases because it’s very important 
from a patient’s point of view that you don’t pick up something that is a benign 
asbestos disease, so that you don’t diagnose them with something that’s not actually a 
problem,” added Yates.
https://www.thehealthsite.com/news/electronic-nose-helps-locate-deadly-tumour/

https://www.thehealthsite.com/news/electronic-nose-helps-locate-deadly-tumour/


[1] Gardner, Julian W., and Philip N. Bartlett. "A brief history of electronic noses." Sensors and Actuators B: Chemical 18.1-3 (1994): 210-211.

‘An electronic nose is an 

instrument, which 

comprises an array of 

electronic chemical sensors 

with partial specificity and 

an appropriate pattern-

recognition system, capable 

of recognizing simple or 

complex odors’ [1] 



….Different type of transducer for gas sensing….

✓ low costs

✓ easy realization

✓ ability to work in real-time 

✓ short analysis times 



MOS  

SENSORS

Metal oxide

semiconductors

Constituted by three main parts:

•Ceramic substrate

•Heating wire or thermistor

• Semiconducting metal oxides film (Zn, Co, etc.)

They measure conductivity changes onto the surface of the sensors

induced by gases. Sensitive to combustion gases (hydrocarbons, NO,

CO). Work at 300-400°C. An exchange between the gas and the oxygen

on the film causes a change in resistance dependent on the adsorbed

gas.



Field effect metal oxides  

transistors

Made by 3 parts:

• Semiconducting Silicon

• Insulating silica layer

• Catalytic metal (Pt, Pd, etc.)

MOSFET SENSORS

Work as a transistor at applied potential at 140-170°C. Sensitive to

compounds containing hydrogen (amines, aldehydes, esters,

chetons, aromatics ed alcohols). Whwn a polar molecules interacts

with the metal the electric field is modified and a change in current

occurs. The device output is the voltage necessary to have the

current back at the initial value.



Piezoelectric System 
Electronic nose

quartz14 mm

7 mm gold



Measurement system
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Frequency signals recorded with ZnONPs-peptides testing food

N2



ZnONPs-Peptides

AuNPs-hpDNA

AuNPs-hpDNA

Au

3’CGGG5’

ZnONPs-Peptides

ZnO

KSDSC

quartz

gold
14 mm

7 mm

20 MHz

Electronic nose



Electronic nose sensor arrays arrays

AuNP-Glutathione

AuNP-Cys-Gly

AuNP-Cys

AuNP-Thioglicolic Acid

AuNP-Cys-Arg-Gln-Val-
Phe

AuNP-Cys-Ile-His-Asn-Pro

AuNP-Cys-Ile-Gln-Pro-Val

AuNP

Porphyrin basedGNP-Peptide based

Cu-Buti-TPP

Co-Buti-TPP

Zn-Buti-TPP

Mn-Buti-TPP

Fe-Buti-TPP

Sn-Buti-TPP

H2-Buti-TPP

Mg-Buti-TPP



Standard Samples

VS

Off-flavoured samples

PLS-DA analysis

Temperature: 40°C

Equilibration time: 10 
min

15g in 100 mL lab 
bottle grated and 
melted

N2 = 4 L/h



Off-Flavour Process 

3-methylbutanal

Fermentation volatiles
Phenylacetaldehyde

Acetic Acid Conching process

Tetramethylpyrazine

Roasting Process
2-acetylpyrrole

2-nonenal

Fat related (oxidation)
2,4-decadienal (t,t)

Off-flavours  were preliminarily added in the cocoa butter to achieve the concentration of 125 

ppm. One tea spoon of contaminated cocoa butter was then added to 400 g of chocolate to 

obtain an estimated final concentration in the sample of  ~ 6ppm.
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MilkChocolate

DarkChocolate WhiteChocolate



AuNP-Peptide vs. Porphyrin PLS-DA analysis

Regular Off

Flavours

% 

Correct

Regular 14 1 93

Off

flavours
1 9 90

Tot. Correct: 92%

Regular Off

Flavours

% 

Correct

Regular 15 1 94

Off

flavours
4 8 67

Tot. Correct: 82%

Regular Off

Flavours

% 

Correct

Regular 13 1 92

Off

flavours
4 8 67

Tot. Correct: 81%

Regular Off

Flavours

% 

Correct

Regular 48 0 100

Off

flavours
0 7 100

Tot. Correct: 100%

Regular Off

Flavours

% 

Correct

Regular 39 0 100

Off

flavours
0 7 100

Tot. Correct: 100%

Regular Off

Flavours

% 

Correct

Regular 51 1 98

Off

flavours
0 7 100

Tot. Correct: 98%

D. Compagnone,  M. Faieta, D. Pizzoni, C. Di Natale, et al  Sensors and Actuators B, 207, 1114, 2015. 



➢ Docking box generation 10 conformers for each peptide for identification of most probable bond sites and energy
quantification involved in the docking simulation

➢ From 1 to 200 conformers for each volatile compound

➢ Binding score: average of all conformers

6 Peptides studied 
(KSDSC, WHVSC, LGFDC, IHRIC, 

LAWHC, TGKFC)

14 volatile compounds
(different chemical classes, shapes, 

dimensions, hydrophobicity)
VS

Virtual screening Peptides

[ Mascini, Marcello, et al. "Tailoring gas sensor arrays via the design of short peptides sequences as binding elements." Biosensors and Bioelectronics 93 (2017): 161-169.
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hpDNA has been used as molecular switch 
for optical and electrochemical sensing

➢ The loop  can be used as sensing
elements also for VOCs

➢A virtual screening of the entire 
library sequences of the loops is 
possible

➢hpDNA can be easily bound to metal 
nanoparticles  (AuNPs)  

Hp-DNA



Virtual screening of hp-DNA

Virtual screening procedure was aimed to test the 
virtual binding affinities of the hairpin loop versus 

different chemical classes:

o Alcohols (14 molecules);

o Aldehydes (13 molecules); 

o Esters (18 molecules); 

o Ketones (5 molecules).

OEDocking 3.0.0; VIDA version 4.1.1; OMEGA

Molecular Modeling : octanal-ATAATC 



Electronic nose sequences…
n=20



E-nose analysis

5 µL of the AuNPs-hpDNA and ZnO-

Peptide suspension on each side of the 

QCM  

✓ The samples  was 

introduced in a gas-tight 

bottle (100 mL)

✓ Aroma release in 

headspace of gas-tight 

bottle 

Measurement of aroma 

compounds; the frequency 

shift was taken as analitical 

signal

2

3

4

5

1



SPME-GC/MS analysis

headspace 

analysis Desorption  

Confirmed by Retention index…

Example…

[4] Gallily, R., Yekhtin, Z. and Hanuš, L.O., 2018. The Anti-Inflammatory Properties of Terpenoids from Cannabis. Cannabis and cannabinoid research, 3(1), pp.282-290.

Nist library



o Monitoring and control of vegetable ripening are important parameters in the food

industry, since the maturation state during harvest, storage and distribution on the

market defines the quality of the finished product;

o To prevent enzymatic reactions during processing, storage and thawing, the

packaged carrots were blanched at 95 °C for 8 min in a water bath

o 3 g of blanched carrots were placed in 20 ml gas-tight vials and hermetically sealed with
a gas-tight septum. A total of 24 vials were prepared for each temperature tested (-18
°C, 4 °C, 25 °C, 40 °C), in order to have three replicates (three different vials) for each day
of measurement (1, 4, 8, 12, 19, 26 days). Thus, a total of 140 vials for E-nose and GC-
MS have been analyzed. Each vial was used only once for either the GC-MS or E-nose
measurement and the relative sample was discarded.

Headspace Volatile Evaluation of Carrot Samples Comparison of GC/MS and 

AuNPs-hpDNA-Based E-Nose



GC area (%)

Storage time (days) 

-18 °C 4°C 25 °C 40 °C

Volatile compounds 1 4 8 12 19 1 4 8 12 19 26 1 4 8 12 19 26 1 4 8 12

α-phellandrene n.d n.d n.d n.d n.d 1 1 1 1 1 n.d n.d** 1 n.d n.d 1 n.d 7 1 n.d n.d

β-phellandrene 2 1 2 1 1 3 3 2 1 4 1 n.d 3 1 1 2 n.d n.d n.d n.d n.d

terpinolene n.d n.d 1 1 0 1 1 1 n.d 1 n.d n.d 1 n.d n.d 1 n.d n.d n.d n.d n.d

α-pinene 14 9 12 12 10 14 12 14 14 18 8 12 7 12 11 15 2 n.d 10 15 5

(-) -β-pinene 3 2 3 3 3 3 3 3 3 3 2 2 3 2 2 3 1 n.d n.d n.d 2

β-pinene 3 2 3 2 6 5 6 3 3 5 1 2 6 1 1 4 n.d 5 3 3 2

Octanal 1 1 n.d n.d n.d 1 1 1 1 n.d n.d 1 n.d n.d n.d n.d n.d n.d n.d n.d n.d

γ-terpinene 7 8 9 10 7 8 9 7 8 4 1 12 7 6 5 7 n.d 21 9 9 5

β-farnesene 1 1 1 1 1 1 1 1 1 n.d 1 1 1 1 1 1 2 n.d n.d n.d n.d

α-caryophyllene 1 1 1 1 2 2 1 1 1 1 5 1 2 1 2 1 2 n.d n.d n.d n.d

β-copaene 2 2 2 n.d 4 2 2 3 n.d n.d n.d 2 1 2 2 2 5 n.d n.d n.d n.d

myristicin 1 1 1 1 2 1 1 1 1 1 5 2 1 2 n.d 1 4 n.d n.d n.d n.d

elemicin n.d 1 n.d n.d n.d n.d n.d 1 n.d n.d 4 1 n.d 1 1 n.d 2 n.d n.d n.d n.d

butane-2,3-diol n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 2 2 5 13 n.d n.d n.d 3

acetoin n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 9 3 6 15 5 3 5 6

ethanol n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 5 n.d n.d 6

lactamide n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 4 11 16 7

3-methylbutan-1-ol n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 1 2 1 3 3 3

*(mean value of n=3 repetitions); **n.d.: not detected.

Results of the gas-chromatographic (GC) analysis of the headspace of carrots samples. Data are expressed as % of the total GC

area*.

SPME-GC/MS



Frequency signal recorded with AuNPs-hpDNA testing carrots samples in triplicate

E-NOSE

Carrots Sample CGGG TTGG CTGCAA CAGC TAAGT AAGTA ATAATC CCCGA

25°C/1 145 199 314 187 409 566 686 147

4°C/1 118 221 132 155 417 468 564 107

 -18°C/1 111 241 199 150 415 485 529 127

 25°C/4 103 259 323 164 495 575 645 146

4°C/4 107 230 317 159 535 492 608 156

 -18°C/4 101 208 244 155 577 513 603 165

25°C/8 148 228 339 237 544 462 787 216

4°C/8 130 204 179 174 480 632 701 180

 -18°C/8 129 188 197 140 498 493 603 175

25°C/12 127 201 311 182 529 564 716 192

4°C/12 126 180 414 147 470 553 660 141

 -18°C/12 105 205 403 166 602 495 664 148

25°C/19 87 131 120 100 374 515 565 135

 4°C/19 86 257 301 145 483 696 600 160

 -18°C/19 114 224 307 118 421 662 607 150

 25°C/26 46 88 289 161 146 583 494 140

4°C/26 64 118 370 101 358 497 576 145

40°C/1 41 98 250 176 169 468 755 175

 40°C/3 51 146 252 192 160 507 733 214

 40°C/4 53 143 235 194 168 507 693 167

 40°C/9 45 217 263 150 239 453 686 168

Frequency shift (Hz) response of the HpDNA sensors array for the carrots samples. The

coefficient of variation calculated using three measurements taken in three different days was in

all cases below 15%.



PCA of the GC-MS/SPME response of carrot samples stored for different time at various

temperature. Data are expressed in (Relative Abundance %) before PCA
PCA biplot (scores and loadings) of the E-nose response to carrots samples. Data

were normalized before PCA

Results

GC-MS E-nose



home-made SPRI
system

➢ 104 spot

➢ 12 peptides at different 
concentration: 200µM and 400µM

➢ 14 hpDNA: 16.8µM

➢ 1.2 nL volume drop (≤1mm)

Surface plasmon resonance imaging



0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

K
SD

SC

W
H

V
SC

TG
K

FC

LG
FD

C

IH
R

IC

LA
FD

C

TT
G

G

C
G

G
G

TT
C

T

G
TT

G

G
TG

C

TC
G

C

C
C

A
G

TG
C

C

TA
A

G
T

A
A

G
TA

C
C

C
G

A

C
A

TG
TC

A
TA

A
TC

C
TG

C
A

A

∆
%
R
(t
)

1-butanol

0,0

0,5

1,0

1,5

2,0

2,5

0 2 4 6 8 10 12

∆
%
R
(t
)

Time (min)

1-butanol

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

K
SD

SC

W
H

V
SC

TG
K

FC

LG
FD

C

IH
R

IC

LA
FD

C

TT
G

G

C
G

G
G

TT
C

T

G
TT

G

G
TG

C

TC
G

C

C
C

A
G

TG
C

C

TA
A

G
T

A
A

G
TA

C
C

C
G

A

C
A

TG
TC

A
TA

A
TC

C
TG

C
A

A

∆
%
R
(t
)

1-pentanol

Introduction Conclusions and Future ProspectiveMaterial and Method Results

a)



Introduction Conclusions and Future ProspectiveMaterial and Method Results
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(A) PCA (loading and score plots) for the discrimination of different VOCs with different penta-peptides; (B) Explain the different

chemical structures of VOCs tested: 1-butanol, 1-pentanol, hexanal, trans-2-nonenal, hexanoic acid
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short chain:
alcohols
esters

ketones

long chain: 
aldehydes

hydrocarbons
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(A) PCA (loading and score plots) for the discrimination of different VOCs with different hpDNA; (B) Explain the different chemical structures of

VOCs tested: 1-butanol, 1-pentanol, hexanal, trans-2-nonenal, hexanoic acid
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Loop 5 and loop 6 
Loop 4



Agglomerative hierarchical Clustering (AHC) analysis with peptide and hpDNA
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alcohols

aldehydes

Hexanoic acid





Early detection of lung cancer with good specificity



Urine samples, standard protocol for 
bladder tumour diagnosis, cystoscopy











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



SPETTRO 
MIR!





SPETTROMETRI IR E FTIR (O FT-NIR)



MICHELSON INTERFEROMETER





UNTREATED SAMPLES IN FTNIR



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



-CH

-CH2

-CH3

C=O

C=O  

FFA

C=O 

ALDEIDI

FINGERPRINT REGION



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

PRESSa 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

r2
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

r2
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



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

PRESSa 10.88 9.33

Root mean square deviation (RMSD) 0.42 0.39

Relative error in calibration (REC %) 0.51 4.64

r2 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 %) 

r2

1

0.9232

7

0.9444

yo 4  4 0.1  0.4

Slope 0.94  0.06 0.96  0.05

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

PRESSa 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

r2
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

r2
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

Results II: MUFA, PUFA, SFA



Property Do
D’ D”

Spectral range (cm-1) 4000-700 4000-700 4000-700

Calibration range (meqO2 kg-1oil) 5.7-15.7 5.7-15.7 5.7-15.7

Number of factors (LV) 

Number of training samples 

PRESSa (unidades)

Root mean square deviation, RMSD (unidades)

5

23

174.66

1.4302

10 7

24 24

152.35 191.32

0.6933 0.9482

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

r2

Selectivity 

Sensitivity (SEN)

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

Minimum concentration difference (unidades) 

Limit of detection (LOD) (unidades)

0.8040

1.0

0.0044

1.2

0.8

3.1

0.9759 0.9446

0.35 0.55

0.0001 0.0001

1.1 1.1

0.9 0.9

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

Results III: PV



calibration set (•) and trainingset (○)

MUFA PUFA SFA

Ac. oleico Ac. linoleico PV
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