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Abstract 
The nanofiber scent carriers prepared by electrospinning from poly-vinyl-butyral (PVB), poly-ε-polycaprolactone (PCL), 
poly-vinyl- alcohol (PVA) and nylon 6/6 were tested as materials for collecting and preserving cigarette tobacco olfactory 
trace. Nanofiber material can include polar groups on its surface that influence wettability and also attracting of specific 
molecules creating olfactory trace. Nanofiber material and Aratex were also morphologicaly compared by scanning 
electron microscope (SEM) where nanofiber carrier had from twenty-two times to thirty-six times smaller fibre diameter 
than Aratex fibres. Olfactory testing of nanofiber scent carriers were compared to Aratex as traditionally used material 
for collecting of olfactory traces in criminology. Olfactory tests were carried out by dogs with special training and by 
mass spectrometer.  Olfactory tests carried out by dogs clearly proved that nanofiber scent carriers were able to collect 
and preserve olfactory trace of lower concentration despite of their lower weight compared to samples of Aratex material. 
Olfactory tests carried out by mass spectrometer affirmed better olfactory properties of nanofiber scent carriers 
compared to Aratex, when nanofiber scent carriers were able to preserve 9 of 14 specific molecules characteristic for 
cigarette tobacco compared to Aratex that was able to preserve only 5 of 14 specific molecules characteristic for cigarette 
tobacco. The experiments with olfactory trace detection with materials with a comparable mass are in progress. 
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Introduction 

Odour sensing is fundamentally different from 
molecule detection by gas sensors. While typical gas 
sensors detect a single or only a few targets, the human 
nose can detect and discriminate thousands of odorant 
molecules at concentrations in the parts-per-trillion (ppt) 
[1, 2]. This capability is thought to originate from the 
presence of more than 350 olfactory receptor (OR) 
genes in humans [3, 4]. However, this alone does not 
explain the high sensitivity and selectivity of human or 
animal odours perception. It is also thought to stem from 
the ability of OR proteins to display differential affinity 
for a range of molecules, which allows for a single 
odorant molecule to bind to several different receptor 
proteins [5]. The combinatorial interaction between 
odorants and ORs results in “odorant map”, enabling 
discrimination of a large number of odours. Interest-
ingly, it has also been speculated that ORs might be able 
to sense various vibrational energy levels of a molecule, 
rather than structural motifs, via quantum coherence 
mechanisms [6, 7]. All of this evidence suggests that 
human odours perception is a unique and complex 
process. A man is capable to detect and identify more 
than 107 of different odours. However, several animal 
species are able to identify significantly higher number 

odours. As an example, the olfactory ability of dogs is 
better than a man’s ones 800 thousand times [8]. 

Odours analysis is carried out for different reasons. 
One of the reasons is the analysis of patient’s breath 
which can give the insight into physiological and patho-
physiological processes in the body with possible 
association with some diseases [9]. The analysis of 
exhaled breath has been proposed as a convenient and 
safe complementary method to blood and urine sam-
pling [10]. Breath analysis has a number of advantages 
compared to the traditional diagnostic techniques. This 
is a non-invasive and painlessness procedure and its 
sampling does not require skilled medical staff [11]. 
Even though up to 3000 compounds can be detected in 
different persons’ breath [12, 13], the matrix of exhaled 
air is less complex than that of blood or other body 
fluids. Considering all these facts the breath analysis is 
a lot simpler to perform [14]. 

The odours bare studied by odorology and forensic 
odorology. Forensic odorology is a separate section of 
forensic technology and olfactory studies are widely 
used by law enforcement in the criminal justice system 
[15]. Technical means of collecting and preservation of 
olfactory traces include devices and instruments for 
detecting and confiscating olfactory traces and objects 
for preservation and conservation of smell. Olfactory 
traces are collected by cotton napkin (Aratex) and then 
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olfactory trace is preserved in the cotton napkin 
conserved in a glass cans with a glass or metal lids. 

Olfactory traces are human smell, drugs and other 
odours/scents. In order to collect as much olfactory 
traces as possible the optimized material (scent carrier) 
is needed, mainly when characteristic odours are at low 
concentrations. Optimal material according to the basic 
knowledge carried out by chemistry and physics should 
have the highest possible ratio of a material surface to 
material volume, and material should have optimal 
chemical and physical properties for to binding mole-
cules, which create characteristic scent. 

When the diameters of polymer fibre materials shrank 
from micrometers (e.g. 10–100 μm) to submicrons or 
nanometers (e.g. 10×10−3–100×10−3μm), new amazing 
characteristics appear, such as a very large surface area 
to volume ratio (this ratio for a nanofiber can be 
thousand times higher than in the case of microfiber), 
flexibility in surface functionalities, and superior 
mechanical performance (e.g. stiffness and tensile 
strength) compared to any other known form of the 
material. These outstanding properties make the poly-
mer nanofiber to be optimal candidates for many 
important applications. A number of processing tech-
niques such as drawing [16], template synthesis [17, 18], 
phase separation [19], self-assembly [20], electro-
spinning [21], etc. have been used to prepare polymer 
nanofiber in recent years. 

Polymeric nanofiber scaffold can be prepared from 
different types of polymers creating different fibre 
surface chemistry. Moreover, surface of polymeric 
nanofiber scaffold could be modified by specific anti-
bodies to detect selective molecules. 

The goal of this study is to prove that nanofiber scent 
carriers with a large surface area and variable surface 
chemistry exhibit better properties as scent carrier than 
now day used Aratex material. 

Material  and methods  

Material preparation 

Nonwoven textile Aratex® (CHLUM-TEX s.r.o.) and 
four types of polymeric nanofiber scaffolds were used 
as scent carrier. Aratex® was composed of 74% cotton, 
16% viscose, 6% polyester and 4% of polyamide and its 
grammage was 273 ± 4 g·m-2. Four different polymeric 
nanofiber scent carriers (Nanuntio s.r.o.) were prepared 
from different polymers PCL, PVA, PVB and nylon 
6/6 PCL nanofiber scent carrier grammage was 
43 ± 2g·m -2. PVB nanofiber scent carrier grammage 
was 31 ± 3 g·m-2. PVA nanofiber scent carrier 
grammage was 35 ± 3 g·m-2. Nylon 6/6 nanofiber scent 
carrier grammage was 38 ± 3 g·m-2. 

SEM imaging 

Scent carriers were sputtered (Sputter Coater Q150R, 
Quorum Technologies Ltd) by conductive 15 nm layer 
of golden particles in order to provide SEM imaging. 
Scent carriers were visualized by scanning electron 
microscopy (SEM) Vega3 SB (TESCAN a.s.) and 
images were analyzed by ImageJ software from five 
different areas of a scent carrier. Average diameter size 
its standard deviation and fibre diameter size distri-
bution was made from sets of 500 different fibres 
measured for each type of scent carrier. 

Measurement of wettability 

Measurements of scent carrier wettability (defined as 
hydrophilic/hydrophobic ratio) were carried out by 
measuring of the contact angle of deionised water drop 
in contact with scent carrier surface. An equilibrium of 
vector forces determines the contact angle α (Fig. 1) at 
the contact line of a deposited drop. The surface energy 
of the solid σS acts along the solid surface. The solid-
liquid interfacial energy σSL acts in the opposite 
direction and the surface tension σL of the liquid acts 
tangential to the drop surface. This can be calculated 
using a simple scalar equation. Contact angle is defined 
as the angle between σSL and σL. The drop was viewed 
in profile during the contact angle measurement and 
tangential to the drop surface from the contact line was 
measured by fitting mathematical function to the drop 
surface. Contact angle measurement was carried out by 
See system (Advex-Instruments s.r.o.). Hydrophobicity 
or hydrophilicity of the material carry out some 
important information. Air humidity could be even more 
than 70%, what is the reason for collecting of scent 
traces can be influenced by wettability of scent carrier 
surface. 

Fig. 1: Illustrative picture of the contact angle during 
wettability testing, where: α—the contact angle, 
σS—surface energy of the solid, σSL—the solid-liquid 
interfacial energy, σL— the surface tension. 

Wettability of the scent carrier gives an information 
about presents of polar group on the fibre surface and 
also information about roughness of the surface. 
Presents of polar or non-polar groups on the scent carrier 
surface can indicate attraction of specific molecules to 
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the scent carrier as part of the odour trace. Wettability of 
the material indicates the usability of material in the wet 
environment, as well. 

Olfactory traces 

Samples for olfactory testing were divided into ten 
groups. Each group included samples A, B, C and D 
according to table 1. Samples D in each group were 
created by combination of PCL, PVB, PVA and nylon 
6/6 nanofiber scent carrier. 

Table 1: Average specification of samples in each 
group. 

Sample Scent 
carrier 

Scent 
carrier size 
(cm2) 

Scent carrier 
weight (mg) 

A Aratex®      60 ± 2 1240 ± 20 
B Aratex® 7.2 ± 0.5   200 ± 10 
C PCL 15 ± 0.2   65 ± 2 
 PVB 15 ± 0.2   47 ± 4 
 PVA 15 ± 0.2   52 ± 4 
 nylon 6/6 15 ± 0.2   57 ± 4 
D PCL 45 ± 0.5 194 ± 8 

During collecting of olfactory traces each group of 
scent carriers was exposited to a olfactory trace of 
cigarette tobacco in controlled manner by system 
illustrated in the figure 1. An exicator 1a (SIMAX) ~ 
17170 ml included a plate 6 with apertures. Two pieces 
of laboratory test sieves 4 with apertures 100 µm and 
200 µm were placed on the plate 6 in the exicator 1a. 
Between two pieces of laboratory test sieves 4 was 
located a cigarette tobacco 6 as olfactory sing sample. 
The exicator 1a was connected to an identical desiccator 
1b trough two valves 2a, 2b and a connecting cube 3. 
The desiccator 1b included scent carrier samples of one 
group and a manometer Greisinger GDH 200-14. 

 
Fig. 2: Illustrative schema of controlled scent exposition 
where 1a-exicator A; 1b—exicator B; 2a and 2b—
valves; 3—connecting tube; 4—two pieces of laboratory 
sieves; 5—cigarette tobacco; 6—plate;7— samples A–
D; 8—barometer. 

Every time before samples were exposed to the 
olfactory trace of tobacco pressure in the exicator 1a was 
established to 974 mbar for 1 hour. Basic accuracy of all 
pressure measurements was 2 mbar. After inserting 
a samples of one group to the desiccator 1b the desic-
cator 1b was connected to a rotary vacuum pump (MD 
1C, Maneko s.r.o.) trough the valve 2b and in the 
desiccator 1b was established initial pressure P1. After 
initial pressure P1 was established, the valve 2b was 
closed and the vacuum pump was disconnected from the 
desiccator 1b. After 5 minutes when initial pressure P1 
was established in the desiccator 1b, the exicators 1a and 
1b were connected together by the connecting tube 3 and 
the valve 2a was opened. After the valve 2b was opened 
and final pressure P2 in the desiccator 1b was 
established, then the valves 2a and 2b were closed and 
samples were exposed to tobacco scent for exposure 
time T1. After T1 lapsed, the exicator 1b was connected 
to vacuum pump and a pressure of 275 mbar was 
established in the desiccator 1b. The desiccator 1b was 
disconnected from the vacuum pump after described 
cycle and the desiccator 1b was relocated to another 
isolated room where the desiccator 1b was opened, the 
samples were removed and separately hermetically 
closed to glass jars. 

Each sample group was exposed to tobacco olfactory 
trace separately. Scent intensity was varied by absolute 
value of difference between initial pressure P1 and final 
pressure P2. The exposure time T1 was also varied 
during a testing as it is illustrated in the Table 2. 

Table 2: Schema of olfactory traces preparation for 
individual groups of samples. 

Group of 
samples P1 (mbar) P2 (mbar) T1 (s) 

1 698 701 20 
2 698 704 50 
3 698 702 100 
4 697 704 150 
5 697 704 200 
6 700 750 20 
7 700 752 50 
8 699 749 100 
9 699 752 150 
10 700 750 200 

P1—initial pressure, P2—final pressure, T1—exposure 
time. 

Olfactory testing by dogs 

Olfactory tests were carried out by specialized Animal 
Training Academy s.r.o. For animal tests were used two 
dogs (Belgian Shepherd and one German Shorthaired 
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Pointer) with special training. Dogs were trained to find 
and mark olfactory tobacco trace of the same batch as 
was used during creation of the olfactory traces of 
Aratex and nanofiber scent carriers. 

The dogs had to find and mark sample prepared as 
olfactory tobacco trace between four others samples 
without tobacco olfactory trace. Olfactory testing by 
dogs was carried out without visual contact between 
dogs and samples. Samples were hidden in non-trans-
parent boxes. Dogs used only their sense of smell during 
the test to mark sample with olfactory trace. Each 
sample was tested 20 times (five times by each dog in 
two series). 

If a dog marked the sample with olfactory trace 
without hesitation it means logical value 1. 

If a dog marked the sample with olfactory trace with 
hesitation it means logical value 2. 

If a dog did not marked the sample with olfactory trace 
it means logical value 3. 

Result of olfactory testing of individual samples with 
olfactory trace was average value of 20 logical values 
obtained by testing rounded to nearest whole number. 

Olfactory testing by mass spectrometer 

The studied olfactory sing captured in the samples 
have been extracted by 3 ml of methanol. After centri-
fugation 100 µl of the extract have been diluted by 
900 µl of water and analysed. The chromatographic 
separation of analytes has been achieved using Agilent 
1290 Infinity UHPLC system with a C18 column 
(Zorbax Eclipse Plus C18 RRHD (2.1 mm x 100 mm; 
1.8 µ), Agilent Technologies). 5mM ammonium 
formate with 0.01% formic acid (A) and methanol 
containing 0.01% formic acid (B), have been chosen as 
mobile phases and gradient elution has been used. A Q-
TOF mass spectrometer (Agilent 6550 QTOF) with 
positive and negative electrospray ionisation has been 
used for the untargeted analysis. Using Agilent 
MassHunter software exact masses and probable 
summary formulas of detected specific molecules 
characteristic for olfac-tory tobacco trace have been 
created. 

Results and discussion  

Wettability 

Wettability properties of nanofiber scent carriers were 
tested by measuring of contact angle by See system 
(Advex-Instruments s.r.o.). When contact angle is lower 
than 90° after 0,1 s when water drop was deposited on 
the nanofiber scent carrier the surface is hydrophilic, 
when contact angle is higher than 90° the nanofiber 
scent carrier surface is hydrophobic. Nylon 6/6 and PVA 
nanofiber scent carriers were determined as hydrophilic 

surfaces as it illustrated in Tab. 3. PVB nanofiber scent 
carrier had hydrophobic surface and PCL nanofiber 
scent carrier was on the edge between hydrophobic and 
hydrophilic surface. 

Table 3: Contact angle of nylon 6/6, PVA, PVB, PCL 
nanofiber scent carrier. 

Scent 
carrier 

Nylon 
6/6 PVA PVB PCL 

Contact 
angle (°) 55 ± 4 54 ± 4 100 ± 4 94 ± 4 

Measurement of contact angle was carried out 0.1 s 
after water drop contacted a nanofiber scaffold surface. 
Some hydrophilic porous material can absorb water drop 
as it illustrates contact angle characteristic of the PVA 
scent carrier during the time (Fig. 3). Error bars with 
longer time are greater due to the of problematic 
determination of the contact line of the water drop. 
Water absorbing properties can play important role 
during collecting of olfactory traces in an environment 
with higher humidity. 

Wettability of the surface is influenced by chemistry 
and roughness of the tested surface. Roughness of the 
surface is influenced by diameter, planar density of 
fibres number and orientation of individual fibres of the 
scaffold creating scent carrier. 

Fig. 3: Absorbance of water drop to PVA scent carrier 
described by contact angle during 12 s. 

SEM analysis 

Structure of individual scent carriers can be compared 
among themselves using SEM images in the Fig. 4. 
ARATEX structure was completely different from the 
structures of the other scent carriers. Aratex was created 
by fibres with larger fibre diameter and also shape of 
fibres cross section.  Nearly none of ARATEX fibres 
had circular cross section. Average ARATEX fibres 
diameter was 12.5 µm with standard deviation 3.7 µm. 
Distribution of Aratex fibres diameter showed Gauss 
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distribution (Fig. 5). According to Fig. 5 25% of all 
ARATEX fibres had diameter between 10 µm to 12 µm 
but 3% of the Aratex fibres were thicker than 20 µm. 

 
Fig. 4: SEM images comparison of Aratex and PVB 
scent carrier morphology with the same magnification. 

Fig. 5: Fibers diameter distribution for Aratex scent 
carrier. 

More detailed SEM images in the Fig. 6 illustrates 
nanofiber scant carriers. Nylon 6/6 and PCL scent 
carriers were characterized by a more disordered struc-
ture than PVA and PVB scent carriers. Also structure of 
nylon 6/6 and PCL scent carriers were more chaotic with 
higher percentage of fibres with diameter larger than 
1µm compared to PVA and PVB scent carriers. Average 
fibre diameter size and standard deviation of individual 
scent carriers are shown in the Tab. 4. 

Table 4: Average fibre diameter size and standard 
deviation for individual scent carriers. 

 Nylon 
6/6 PCL PVA PVB 

Average 
diameter 
size (nm) 

344 482 457 562 

Standard 
deviation 
(nm) 

309 473 192 179 

 

 
Fig. 6: SEM images of nylon 6/6, PCL, PVA and PVB 
nanofiber scent carriers. 

Fig. 7: Fiber diameter distribution of PCL, PVB, PVA 
and nylon 6/6 scent carriers. 

Olfactory testing by dogs 

Olfactory tests were evaluated according to method 
described in the chapter Material and methods and 
results of tested samples were summarized in the Tab. 5. 
Groups 1, 2 and 3 of samples which were exposited to 
tobacco olfactory trace with lowest intensity and for the 
shortest time interval proved that nanofiber scent 
carriers are better for collection and preservation of 
olfactory trace/traces. Group number 1 of the samples 
includes samples exposited the lowest concentration of 
tobacco olfactory trace for the shortest time interval. 
Group 1 of the samples may not be the key repre-
sentative of the test samples, because at such low 
concentration of scent/door particles for such short time 
interval inhomogeneity of the scent particles redis- 
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tribution in the desiccator 1b could influence result. 
Group of samples 3 clearly proved that nanofiber scent 
carriers were able to collect and preserve olfactory trace 
better than Aratex material, even if the Aratex sample 
had 5.6 times higher weight. Groups 4 and 8 also 
showed that Aratex nonwoven textile had insufficient 
parameters to create olfactory traces compared to 
nanofiber scant carrier of the same weight which were 
able to create olfactory traces recognizable by dogs. 

Table 5: Results of olfactory testing by dogs. 

Group Sample Result Group Sample Result 

1 A 3 6 A 1 
B 3 B 1 
C 3 C 1 
D 2 D 1 

2 A 2 7 A 1 
B 2 B 1 
C 1 C 1 
D 2 D 1 

3 A 3 8 A 1 
B 2 B 2 
C 1 C 1 
D 1 D 1 

4 A 1 9 A 1 
B 2 B 1 
C 1 C 1 
D 1 D 1 

5 A 1 10 A 1 
B 1 B 1 
C 1 C 1 
D 1 D 1 

Groups 1–10 are defined according to table 2. Samples 
A, B, C and D are defined according to table 1. 
Results: 1—dogs marked the sample without hesitation, 
2—dogs marked sample with hesitation, 3—dogs did 
not marked the sample. 

Olfactory testing by mass spectrometer 

Reason why nanofiber scent carriers were more 
effective during collection and preservation of tobacco 
olfactory trace was given not only by SEM images in the 
Fig. 4 and 6, but also by A Q-TOF mass spectrometer 
(Agilent 6550 QTOF) measurement. Measurement by 
mass spectrometer is summarized in Tab. 6. Samples 
were tested of ability to captured 14 specific molecules 
characteristic for cigarettes that are presented in olfac-
tory tobacco trace (1—C14 H30 O5 S; 2—C18 H33 N 
O6; 3—C22 H47 N O2; 4—C23 H46 N S; 5—C24 H33 
N5 O S4; 6—C26 H45 N8 O2; 7—C29 H54 N12 O2; 

8—C30 H60 O2; 9—C31 H26 Cl N8 O4; 10—C35 H69 
N5 O5; 11—C36 H75 N4 O2; 12—C37 H73 N5 O6; 
13—C38 H79 N4 O2; 14—C5 H11 N O2). Number of 
counts detected for specific molecules is not important 
in the view of the used method of odour extraction from 
the scent carriers. Important result of this test was if 
specific molecule was presented in a specific scent 
carrier after olfactory traces preparation. According to 
Tab. 6 Aratex captured 5 different molecules charac-
teristic for cigarette tobacco. PVA nanofiber scent 
carrier captured 5, PVB 6, nylon 6/6 5 and PCL 4 
different molecules characteristic for tobacco. More 
important was that the samples C were composed of 
PVA, PVB, nylon 6/6 and PCL nanofiber scents carriers. 
Samples C created from 4 different nanofiber scent 
carriers were able to detect 9 of 14 tested characteristic 
tobacco molecules that gives more complex information 
about olfactory trace/odour compared to olfactory trace 
gained from Aratex scent carrier (samples A and B). 

Table 6: Counts of specific molecules characteristic for 
olfactory tobacco trace detected by mass spectroscopy 
measurement. 

Molecule Aratex  PVA PVB Nylon 
6/6 PCL 

1 31657 319
 

3262
 

3347
 

3165
 2 0 0 0 0 0 

3 183087 0 0 0 0 
4 0 0 6687

 
0 0 

5 126503 133 1095
 

1338
 

1632
 6 0 0 0 1452

 
0 

7 44142 450
 

0 4510
 

0 
8 0 0 8428

 
0 0 

9 0 131 1113
 

0 0 
10 0 0 0 0 9411

 11 0 0 0 0 0 
12 0 0 0 0 0 
13 0 0 0 0 0 
14 280764

 
813 8906

 
6616

 
1652

 Characteristic molecule: 1—C14 H30 O5 S; 2—C18 
H33 N O6; 3—C22 H47 N O2; 4—C23 H46 N S; 
5—C24 H33 N5 O S4; 6—C26 H45 N8 O2; 7—C29 
H54 N12 O2; 8—C30 H60 O2; 9—C31 H26 Cl N8 O4; 
10—C35 H69 N5 O5; 11—C36 H75 N4 O2; 12—C37 
H73 N5 O6; 13—C38 H79 N4 O2; 14—C5 H11 N O2. 

Conclusion  

According to olfactory tests carried out by dogs (Tab. 
5) and mass spectrometer (Tab. 6) polymeric nanofiber
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scent carriers were proved as better material for 
capturing and preservation of cigarette tobacco olfactory 
trace. Samples C composed of PVA, PVB, PCL and 
nylon 6/6 polymeric nanofiber scent carriers were able 
to capture and preserve 9 of 14 different characteristic 
molecules compared to 5 of 14 different characteristic 
molecules captured by Aratex according to mass spec-
trometer measurement (Tab. 6). Olfactory tests carried 
out by dogs clearly proved that nanofiber scent carriers 
were able to collect and preserve olfactory trace of lower 
concentration (Tab. 5) despite of their lower weight 
compared to the samples from Aratex material (Tab. 1). 
Higher efficiencies to capture and preserve odour of 
nanofiber scent carriers compared to Aratex can be 
caused by smaller diameter and higher number of nano-
fiber to one milometer square (Fig. 4). The nanofiber 
scent carriers compared to Aratex had higher active 
surface which can increase probability to capture mole-
cules involved in olfactory trace and also higher number 
of nanofiber to one cubic millimeter which created 
creates better filtration of the flowing air that can 
increase probability to capture particles involved in 
olfactory trace as a result. 

Nanofiber scent carriers can have another great 
feature as olfactory trace collector compared to tradi-
tionally used Aratex. Nanofiber scaffolds can include 
fibres of multiple different polymers that are charac-
terized by different polar or non-polar groups binding 
different molecules. Polymeric nanofiber surface can 
also be functionalized by specific antibody to selectively 
detect specific molecules and so nanofiber scaffolds can 
create sensor for selective detection [22] of potentially 
dangerous substances. Creating of sensor for selective 
molecule detection can be used across wide fields of 
human activities in the future. 
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