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Abstract: For identification of CO2 – extracts of spices (black pepper, nutmeg and coriander) were 
used a multisensor system consist of 7 quarts crystal resonators modified by different sorbents. As 
possible sorbents for piezosensors modification fullerene, apiezon L, proksanol 268, 
polymethylphenylsilicon, triton X – 305, 18−crown−6, polyvinylpyrrolidone were investigated. 
Presentation of multivariable data involving signals of piezosensors by principal component analysis 
allows identifying СО2– extracts of the investigated spices. The relationship of sorbents polarity with 
identification CO2 – extracts possibility were determined. 
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1. Introduction 
 
Introduction of bioactive additive compounds (BAC) into the food is a vital requirement. Recently, 
there appeared new products − СО2-extracts, i.e. natural finished concentrates of BAC prepared from 
spicy-aromatic and medicinal plant raw materials as well as valuable waste products of food 
manufacture. СО2–extracts represent natural complexes of essential oils (monoterpenes, sesquiterpenes 
and their oxygen derivatives, aliphatic compunds), vitamins and pro-vitamins, hormones, phytoncides, 
lipids (fats, phospholipids, sterols), free fatty acids. СО2–extracts act as BAC complexes and are 
characterized by strong anti-oxidant, as well as preventive and therapeutic properties; their 
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identification is connected with the application of expensive equipment [1]. 
 
A special value of СО2–extracts is not only in their wide set of BAC but also in their natural balance 
that is peculiar to the plant that was used for obtaining of the extract. Introduction of such additives to 
the food stuff adds it a nice smell, flavour and useful qualities since they enrich BAC with sometimes 
rare plants occasionally developed in biochemical laboratories. A uniqueness of this technology is the 
obtaining of СО2–extracts at 15–25 оС without aero-moisture-thermal treatment that allows to keep the 
native properties of BAC suggesting shelf life of about 2−3 years under usual conditions [2]. 
 
СО2–extracts are applied almost in all the fields of the food industry: 
 
 in meat-processing industry (sausage, canned meat, pates); 
 in fish-processing industry (canned fish, preserves, spiced salting fish, fish sausages, minced 

fish); 
 confectionary, beer and soft-drinks, packing industry, fat-and-oil industry [1,2]. 

 
Low stowage norms, good solubility in oils, fats, 80% vinegar, ethyl spirit make application of СО2–
extracts more practically feasible that addition of dry spices. A lot of СО2–extracts allow to grade a 
lack of raw materials and at the same time providing the flavour and taste of the finished product as 
well as facilitate the development of various mixtures in combination with natural spicy aromatic, 
medical-preventive and other food products. For example, acid residuals of bound fatty acids 
predominantly consist of oleic, linoleic and linolenic acids as well as some other BAC’s including 
tocopherols with vitamin and anti-oxidant activity, and provitamin D. 
 
Consumer product tampering is a serious problem for those ones who make products of high quality. 
In this case it is necessary to apply efforts on the development of rapid and inexpensive methods of 
identification of СО2–extracts and their certification. One should also take into account good name of 
the companies that have never given an occasion to suspect the low quality of their products and 
proved themselves as purveyors of the high-quality products at the market. 
 
Data storage on the flavour and taste of СО2–extracts, continuous direct contacts of suppliers and 
consumers, the work on certification of СО2–extracts, chemical certificates on the individual 
consignments, the presence of inexpensive rapid methods of identification should create a barrier to 
those ones producing faulty СО2– extracts. 
 
 
2. Experimental 
 
As research object it is chosen СО2–extracts – natural finished concentrates of BAC prepared from 
spicy-aromatic plant raw materials, present as valuable waste products of food manufacture. 
 
Piezoquarts crystal microweighting. At experiment performance applied quartz AT - cut resonator 
with nominal frequency 8 MHz. Piezoelectric resonator represents a plate with the metal electrodes put 
from two sides. For updating a sensor control prepared for a solution: 25 mg a sorbent placed in a 
measured flask capacity of 25 sm3 and volume leads up to a label solvent. On both quartz crystal 
electrodes a microsyringe rendered the received solution. The modified crystal maintained in a 
temperature interval which top level corresponds to solvent boiling temperature. After crystal drying 
we fixed the sensor frequency fluctuations shift. Before measurements sensor 15 − 30 min adapt for a 
measuring cell. Time of resonator frequency instability was within the limits of 10 Hz/15 min. 
 
Sensor control maintained up to a stable frequency fluctuations establishment, then into a cell entered a 
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standard tests series with growing nitroethane concentration. All measurements were carried out at  
25 оС. Temperature was supervised the digital resistance thermometer and supported with accuracy  
0.5 оС. 
 
Sensor analytical signal was calculated from following theoretical (linear) dependence (the Sauerbrey 
equation): 
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where ∆f is the piezosensor fluctuations frequency change for the substances account, Hz; f0 is the 
nominal piezosensor fluctuations frequency, MHz; A is the quartz crystal electrodes area adsorbing 
substance with weight m, сm2. 
 
Gas chromatography. For gas chromatography detection was applied “Tsvet – 500” gas 
chromatograph with quartz column filled by sorbent SE – 30, temperature of the evaporator was  
250 оС, the detector was 150 оС, columns 100 оС, speed of nitrogen was 30 cm3 / min, hydrogen  
30 cm3 / min, oxygen 300 сm3 / min, detector PID. 
 
 
3. Results and Discussion 
 
As a rule, qualitative analysis of СО2– extracts is performed by chromatography-mass-spectrometry 
method [1]. СО2 – extracts of some kinds of the plants are characterized by complex composition. 
Essential oils, consisting of saponifiable and non-saponifiable substances, alcohols, hydrocarbons, 
carbonyl and other compounds were found in these plants. Chromatogram demonstrating composition 
of СО2 – extract of coriander is presented in Figure 1. 
 
From this chromatogram it can be seen that СО2 – extract of coriander contains considerable amounts 
of linalool, limonene, pinene, and camphor, citral, geranial can be also presented. Solution of the 
problem is possible with applying of the new approach using multiple systems of relatively low-
selective sensors [3, 4]. This solution is based on the advanced development of computer aids, 
providing processing of multi-parameter information in the «on line» mode [5-7]. 
 
When using multisensor systems it is possible to obtain information on the composition and 
concentration of the individual components in complex mixtures. In this case selectivity of every 
sensor is of no decisive significance, on the contrary, it is very important that the sensors should be 
characterized by a considerable cross sensitivity [8-11]. 
 
The idea of multi-sensor approach proved to be rather fruitful and therefore, a new type of the artificial 
analytical systems has been formed – the so-called «electron nose» [8, 9, 11]. We propose an efficient 
way of spice identification with the use of multi-sensor systems («electron nose»). Conditions of СО2 
– extracts detection, including mass of sorbents deposited on the electrodes of piezosensor, speed of 
gas-carrier (air), time of identification were optimized in the process of investigations. Selectivity of 
piezosensors is varied by deposition of sorbents with different nature on their electrodes and by 
optimization of conditions of analysis (nature of solvent, mass of sorbent, temperature of 
determination, sorption mode). Fullerene, apiezon L, proxanol 268, polymethylphenylsilicon, triton  
X–305, 18−crown−6, polyvinylpyrrolidone were investigated as possible sorbents for piezosensors 
[12, 13]. 
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1. γ−geraniol 
2. citrale 
3. β−geraniol 
4. comphor 
5. linalool 

6.limonen 
7.mircene 
8.camphene 
9. β−pinene 
10. α−pinene 

 
Fig. 1. Chromatogram of СО2 – extract of Coriander 

 
 
One of the prospective trends in materials research, nanotechnology, nanoelectronics is connected with 
application of fullerenes, nanotubes and some other similar structures (carbon frame structures). 
Specific feature of these molecules is their frame shape: for example, fullerenes represent closed 
envelops empty inside. 
 
An extensive class of fullerene derivatives is represented by molecular complexes with non-polar 
molecules (mixed or Van der Waals crystals). Favorable packing of molecules in the crystals with 
single Van der Waals forces having the lowest energy coincides with the most closed-packed structure. 
Fullerenes can easily form molecular complexes (clathrates, inclusion complexes) of «host – guest» 
type. Sensor signals were processed by the main component method; results of analysis of 
multivariable data are presented in Table 1. 
 

Table 1. Results of Analysis of Multivariable Data 
 

СО2 – extract After normalization Score, % 
Black pepper 1,9 62,8 

Muscus 0,9 31,6 
Coriander 0,2 5,4 

 
With the use of 7 sensors modified by different sorbents and 3 spices that were used for obtaining of 
СО2–extracts, 7×3 = 21 signal of multisensor system was registered. Basing on this result and in 
accordance with the principle of the main component method the values for every factors were 
obtained characterizing deviations of the individual sensor signal from vector of the main component. 
In order to simplify calculations these data were preliminarily normalized and then the contribution of 
separate factors into every main component was estimated. 
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Sampling of piezosensor signals was distributed between three СО2 – extracts, obtained from black 
pepper, nutmeg and coriander. The maximum changes of the first main component fall at the black 
pepper. The data presented in Table 2 demonstrate the distribution of piezosensor signals under 
sorption of the vapours of СО2 – extracts for the investigated spices between three main components. 
Distribution of signals is necessary for the choice of coordinates in graphical interpretation of results 
of analysis. 
 

Table 2. Distribution of Piezosensor Signals Under Sorption of the Vapours of СО2 – extracts 
 

СО2 – extract Principal component 1 Principal component 2 Principal component 3 
Black pepper −0,324829 0,945505 0,022487 
Muscus 0,949579 0,124607 0,287704 
Coriander   −0,937559 −0,201378 0,283602 
 
Presentation of multivariable data involving signals of piezosensors between the first two components 
(Figure 2) allows to identify СО2 – extracts of the investigated spices (Figure 3). 

 
 

Fig. 2. Multivariable Data Involving Signals of Piezosensors Between the First Two Components 
 
 
Basing on the investigations of sensor signals obtained between the first two main components a 
dependence was found that was not taken into account in the graphical interpretation of results of 
analysis (Figure 4). 
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Fig. 3. Multivariable Data Involving Signals of Piezosensors Between the First and Third Components 
 

 
Fig. 4. Graphical Interpretation of Results of Analysis 

 
 

This relationship is due to the different polarity of sorbents applied for the modification of piezosensor 
electrodes. Non-polar sorbent (apiezon L) is arranged in the low part of the diagram, sorbent of 
moderate polarity (polyvinylpyrrolidone) is located in the upper corner of the diagram, polar sorbents 
(triton X – 305, proxanol 268) are in the lower left corner, while sorbents that are able to form 
clathrates (18−crown−6, fullerene) are in the upper left corner of the diagram. 
Polymethylphenylsilicon arranged in the upper left corner does not follow this common behaviour. 
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4. Conclusions 
 
Multisensor system operates quite rapidly, it is simply controlled and can be easily calibrated. Its 
ability of visual pattern recognition was applied for rapid identification of СО2 – extracts of spices. 
The main advantages of the visual presentation for individual components is a simplicity and, at the 
same time, information density of the graphical images that can be handled with the use of special 
software. 
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