
➢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



[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

14 mm quartz

7 mm gold

20 MHz

Electronic nose



Electronic nose sensor 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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➢ 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).

Molecular Modeling : octanal-ATAATC

OEDocking 3.0.0; VIDA version 4.1.1; OMEGA



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



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 signal recorded with AuNPs-hpDNA testing carrots samples in triplicate

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
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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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(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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MEA = microelectrode array


