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SOME TECHNOLOGICAL PECULIARITIES OF CO2 – EXTRACTS 
OBTAINED FROM VEGETATIVE AND ANIMAL RAW MATERIAL 

The carbon dioxide in subcritical and supercritical states is used 
to extract valuable components from vegetative and animal raw material. 
The unique properties of this solvent in subcritical make it possible to 
extract selectively a complex of flavour and gustative substances with a 
comparatively small molecular mass. Proteins, carbohydrates and com-
ponents with a bigger molecular mass can not be extracted in this state. 
New schemes of supercritical installations which make it possible to ex-
tract the valuable components not only from both dry and from moist 
raw material have been worked out. 

Keywords: subcritical extraction, CO2 – extracts, supercritical 
extraction, carbon dioxide, chemical content, extraction installations. 

ɍɝɥɟɤɢɫɥɨɬɚ�ɜ�ɩɨɞɤɪɢɬɢɱɟɫɤɢɯ�ɢ�ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɢɯ�ɝɨɫɭɞɚɪ-
ɫɬɜɚɯ� ɢɫɩɨɥɶɡɭɟɬɫɹ, ɱɬɨɛɵ� ɢɡɜɥɟɱɶ� ɰɟɧɧɵɟ� ɤɨɦɩɨɧɟɧɬɵ� ɢɡ� ɜɟɝɟɬɚ-
ɬɢɜɧɨɝɨ�ɢ�ɠɢɜɨɬɧɨɝɨ�ɫɵɪɨɝɨ�ɦɚɬɟɪɢɚɥɚ. ɍɧɢɤɚɥɶɧɵɟ�ɫɜɨɣɫɬɜɚ�ɷɬɨ-
ɝɨ� ɪɚɫɬɜɨɪɢɬɟɥɹ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ� ɞɟɥɚɸɬ� ɜɨɡɦɨɠɧɵɦ 
ɢɡɜɥɟɱɟɧɢɟ� ɜɵɛɨɪɨɱɧɨ� ɤɨɦɩɥɟɤɫɚ� ɚɪɨɦɚɬɚ� ɢ� ɜɤɭɫɨɜɵɯ� ɫɭɛɫɬɚɧɰɢɣ 
ɫɨ� ɫɪɚɜɧɢɬɟɥɶɧɨ� ɦɚɥɟɧɶɤɢɦɢ� ɦɨɥɟɤɭɥɹɪɧɵɦɢ� ɦɚɫɫɚɦɢ. Ȼɟɥɤɢ, ɭɝ-
ɥɟɜɨɞɵ�ɢ�ɤɨɦɩɨɧɟɧɬɵ�ɫ�ɛɨɥɶɲɟɣ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɦɚɫɫɨɣ�ɧɟ�ɢɡɜɥɟɤɚ-
ɸɬɫɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ�ɧɨɜɵɟ�ɫɯɟɦɵ�ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɢɯ�ɭɫɬɚɧɨɜɨɤ, ɤɨ-
ɬɨɪɵɟ� ɞɟɥɚɸɬ� ɜɨɡɦɨɠɧɵɦ� ɢɡɜɥɟɱɟɧɢɟ� ɰɟɧɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɧɟ 
ɬɨɥɶɤɨ�ɢɡ�ɜɵɫɭɲɟɧɧɨɝɨ, ɧɨ�ɢ�ɢɡ�ɜɥɚɠɧɨɝɨ�ɫɵɪɨɝɨ�ɦɚɬɟɪɢɚɥɚ. 

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ: ɩɨɞɤɪɢɬɢɱɟɫɤɚɹ�ɜɵɬɹɠɤɚ, CO2 - ɜɵɞɟɪɠ-
ɤɢ, ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɚɹ� ɜɵɬɹɠɤɚ, ɭɝɥɟɤɢɫɥɨɬɚ, ɯɢɦɢɱɟɫɤɨɟ� ɫɨɞɟɪɠɢ-
ɦɨɟ, ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ�ɭɫɬɚɧɨɜɤɢ. 

INTRODUCTION 
Sub- and supercritical fluidic extraction of compo-

nents from  vegetative and animal raw material  is an  area 
which considers the nature and regularities of liquefied 
and suppressed gases movement in selfcontained contour 
and is a part of continuous media mechanics. It has been 
formed in the past years as an independent section of 
applied physical chemistry and has integrated the 
achievements of gas dynamics, hydraulics and high 
temperature chemistry. 

At present the extraction methods of obtaining 
aroma and gustative substances  from  vegetative raw 
material  have been widely applied. The use of ex-
tracts is more effective. The well-known periodic and 
continuous extraction installations work at pressure 
close to atmospheric and use carbohydrates, spirits, 
ethers and ketons as a solvent. The disadvantage of 
this method and installations is that extraction by or-
ganic solvents does not always provide a complete 
withdrawal of aromatic and gustative substances. Be-
sides, when the solvent is evaporated  thermolabile 
substances of extracts are destroyed. It may be avoid-
ed when extraction of aromatic components from 
vegetative raw material is made by liquefied gases - 
argon, butane, propane, liquefied carbon dioxide, 
khladons etc.  In this case the pressure in extraction instal-
lations may significantly exceed the atmospheric pressure, 
however, the process of extraction is carried out at the 
temperature of the environment, sparing termolabile com-
ponents and produce high quality extracts.  

Traditional and innovative methods of extraction, 
properties of extracts and their application are of great in-

terest for the greate number of food industry specialists. 
However, a lot of data that are important for practical ap-
plication available in a broad variety of sources have not 
been systematized. This article is aimed to fill, in some 
degree, the saps in production technology and application 
of CO2 – extracts in food industry.  

In Russia research in the area of volatile oil bearing 
and spicy-aromatic extracts production and application 
technology with the use of Carbon Dioxide as a solvent 
started in the sixties of the twentieth century. 

It has been shown, that the most effective method of 
extracting  valuable components from spicy and aromatic 
raw material consists in application of liquefied and sup-
pressed gases and liquids, overheated in comparison  with 
the environment. The liquefied carbon dioxide has be-
come  dominant  in food industry as a solvent. 

As a liquid carbon dioxide can exist at pressure 
from 73,8 * 102 (critical pressure) up to 5,18 * 102 kPa 
(triple point) and corresponding temperatures from +31,1 
up to – 56,6 0C. 

When this solvent is applied a most complete ex-
traction of ether oils and other aromatic and gustative 
substances is achieved and most of disadvantages, typical 
of organic solvent extraction and evaporation are re-
moved. 

Fig. 1 shows the diagram of CO2 phase state. 
During the process of extraction it is necessary to 

maintain process temperature to achieve a more complete 
extraction during the working period.  

The strict control of temperature is necessary at dis-
tillation as the thermolabile substances are destructed at 
high temperatures and the appearance of extracts  

 

Fig. 1. The diagram of CO2 phase state 
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deteriorates. The most acceptable temperatures of miscel-
la distillation process are 40-500C. At these temperatures 
the extracts keep nativity and have  organoleptic and bio-
logical properties of the original raw material. Subcritical 
CO2 – extraction  is carried out at a sparing mode and is 
ecologically clean. The absence of strong mineral acids in 
technological process makes it possible to do without any 
water purifying installations. 

The blow sheet of CO2 – extract production is given 
in fig. 2. 

The content of extractive substances in vegetative 
raw material is determined by exhausting extraction using 
the installation given in fig. 3. 

Nowadays the express method of extractive sub-
stances determination by using liquefied gases as solvent 
has been worked out. This method allows to cut the time 
of analysis significantly. 

The preliminary treatment of the air-dry raw materi-
al is very important for the production of extracts for var-
ious purposes. The preparation of vegetative raw material 
is necessary to carry out the extraction process at optimal 
modes that include the degree of the raw material crush-
ing up to the sizes from 100 to 500 mkm, depending on 
the  kind  of  the  raw  material,  with  consequent  flatten  on  
the  roll  machine  tool  to  make  a  petal  of  150  up  to  300  
mkm.   

Commercial application of CO2 – extracts makes 

possible to receive the products of higher quality. 
A market analysis has shown that there is a signifi-

cant demand for CO2 – extracts among food enterprises, 
pharmaceutical enterprises, biologically active food sup-
plement producers, perfumery-cosmetic manufactures. 

Any extract is practically a replica of initial vegeta-
tive raw material and is not analogous to traditional ex-
tracts. A chromatographic analysis has shown that the 
content of valuable substances of CO2 - extracts is ten 
times bigger than traditional ones. Now production of ex-
tracts from spices and medicinal herbs; fruit aroma; Į & ȕ 
– acids from hop; antioxidants, carotenoids and licopins 
(including these tomato raw material); natural colouring 
substances (from red pepper); lanolin from wool; natural 
vegetative wax; sea buckthorn oil; dogrose; ginseng has 
been implemented on industrial scale. Technology and 
equipment for extraction of vegetative raw by liquefied 
gases has attracted more and more attention.  

In the course of research a laboratory installation 
has been made to study the extraction kinetics. 

The laboratory installation (figure 3) is used to de-
termine extractive substances. It consists of an extractor 
(6) and miscella collectors (1). The extractor and miscella 
collectors are placed in the main body (3) equipped with a 
hatch (4) and a viewing window (2).  

The miscella collectors are placed on a platform (8) 
that can rotate periodically in such a way as to place  

 

Fig. 2. The blow sheet of CO2 – extracts production 
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under the extractor tube only one miscella collector.  
To control the pressure the installation is equipped 

with a manometer. The lower part of the extractor is heat-
ed by an electric heater and the upper part is cooled down 
by cold water or antifreeze. A feeding pipeline to supply 
carbon dioxide is also designed. 

In Table 1 the modes of CO2 – extraction are given. 
A drawing of the subcritical commercial installation 

used in the extraction plant of the Karavan Co. is given in 
fig. 4 

The research into quantitative and qualitative con-
tent of food products and CO2 – extracts in particular, by 
method of IR-spectroscopy, in combination with other 
methods, has made it possible not only to cut the analysis 
time, but also to control the technological process with 
sufficient accuracy.  

The application of supercritical carbon dioxide has 
some  advantages:  energy  saving  process;  high  mass  ex-
change characteristic due to low viscosity and high pene-
tration capacity of the solvent; high degree of extraction 
of components, high quality of product, the absence of 
CO2 in the final product, use of inert solution media at 
temperature preventing thermal degradation, absence of 
wastes, recycling (the CO2 after decompression can be 
collected and reused), the unique microbiological clean-
ness, absence of multistage process.   

Supercritical carbon dioxide (SC-CO2) is a good 
solvent for non-polar and mid-polar substances and can 
extract substances with molecular mass up to 2000 and 
more dalton with high selectivity. The regulation of ther-
modynamic conditions allows to change significantly the 
physical properties of extragent (density, diffusion capaci-
ty etc.) and the selectivity of component extraction from 
mixes of organic substances. Extraction by CO2 in super-
critical state allows to avoid the undesirable influence of 
oxygen and organic solvents, to remove unnecessary sub-
stances and enrich ether oil by volatile aromatic substanc-
es. In Russia SC- CO2 – extraction is implemented in 
Krasnodar (Kuban State University of Technology), in 
Rostov  (the  STC  “Goro”),  in  Kasan  (the  Kasan  State  
Technological University), in Moskow (Moskow State 

University), Tomsk (the “Siberian plant of extracts and 
biotechnologies Ltd. co”) and other cities. 

SC-CO2 is a good solvent for volatile aromatic sub-
stances of rose oil. The produced SC-CO2- extracts were 
saturated by minor components, enriching the content and 
depth of rose oil aromatic spectrum. It is especially ex-
plicit in comparison with the traditionally obtained rose 
oil. 

The variation of extraction thermodynamic condi-
tions makes it possible to change the ratio between the 
components in the extracted products. At the increase of 
pressure from 13,0  to 18,0 the extracts are enriched by 
more “heavy” components (nerol, geraniol, citronellol, el-
emol, hexadecane etc.), meanwhile the relative content of 
more volatile components is diminished with growth of 
pressure (benzaldehyde, linalool etc.). The undesirable 
changes in the range of natural aromatic substances do not 
take place.  

MATERIALS AND METHODS 
A research on CO2 – extract is aimed at determining  

 

Fig. 3. A drawing of a laboratory installation for CO2 – ex-
tract production: 1 – vessel for miscella,  

2 – viewing window, 3 – extractor, 4 – selfpacking manhole, 
5 – funnel for condensate, 6  - glass extractor with raw ma-

terial, 7 – handle manipulator, 8 – rotary platform 

Table 1 
Technological modes of CO2 – extraction and  

vegetative raw material characteristics 

Raw material Sheet 
thickness, 

ɦɦ 

Density, 
g/dm3 

Extrac-
tion time, 

min 

Output of 
extract, % 

 
1 2 3 4 5 

Sweetflag 0,16-0,20 320 90 5,0-6,0 
Anise 0,14-0,18 350 90 4.0-4,5 

Anise-tree 0,12—
0,16 

400 90 9,0—
11,0 

Basil 0,14—
0,18 

210 145 2 0—2,5 

Grape seeds 0,18—
0,20 

380 70 4,0-4,8 

Pink 0,16-0,20 400 90 18,0-20,0 
Jointweed 0,10-0,10 190 120 2,5-3.0 

St. John’s wort 0,14-0,18 280 120 2,5-3,0 
Sweet-grass 0,40 250 145 1,5-2,0 

Ginger 0,12-0,16 450 90 3,5-4,0. 
Calendula 0,12-0,16 180 100 1,7-2,3. 

Inula 0,12-0,16 300 120 4,0-5,Ɉ 
Angelica 0,16-0,18 300 130 2,5-3,0. 

Cardamom 0,12-0,16 260 90 120 5,0—7,0 
Cinnamon 0,12-0.16 350  2,0-3,0. 

Nettle 0,25 210 84 3,2-3,8 
Coriander 0,15-0,18 260 120 3,0.-3,5 

Laurel 0,8 250 100 2,5-3,0 
Curcuma 0,18-0,20 420 40 3,0-3,0 
Juniper 0,14-0,18 320 120 2,0-3,0 

Carrot (seeds) 0,12-0,16 280 120 3,0-4,0 
Muscat 0,16-0,18 100 80 10,0-12,0 

Red pepper 0,12-0,16 200 120 6,0-5,0 
Black pepper 0,14-0,18 300 I80 6,5-7,5 

Fragrant pepper 0,12—
0,16 

400 90 4,5-5,0 

Parsley 0,12-0,16 350 90 4,0-5,0 
Sage-brush 0,18-0,26 220 60 3,0-3,6 

Barley sprouts 0,10-0.12 280 120 0.8-1,2 
Chamomile 0,12-0.16 260 210 2.0-5,0 

Selery 0,12-0.16 260 120 5,5-7,0 
Yarrow 0,12-0,16 200 120 1,2-1,7 

Caraway seeds 0,12-0,14 350 120 5,0-7,0 
Fennel 0,12-0,16 - 350 90 3,5-4,5 

Fennel (seeds) 0,12-0,16 280 120 5,0-7,0 
Fir needle 0,76 360 95 5.0-6.8 

Hop 0,5 220 120 8,0-10,0 
Sage 0,3 220 120 4,0 

Tarragon 0,10-0.16 200 120 3,8 
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its naturalness, the absence of admixtures and number of 
parameters - density, angle of rotation, acid number, ethe-
real number before and after acetylation.  

The naturalness of the extract is determined analyz-
ing colour, smell and taste. 

Colour and transparency are determined by placing 
10 ml of the extract into a cylinder of transparent colour-
less glass with a diameter of 2-3 cm and observing in the 
light.  

The smell is determined in the following way: 0,1 
ml (two drops) of the extract are placed on the ribbon of 
filtering paper  of 12 cm long and 5 cm wide avoiding the 
edges of the paper and then compare the smell of the test 
sample with the smell of the control sample placed in the 
same  way  on  the  filtering  paper.  During  one  hour  the  
smell must be similar to the smell of the control sample.  

The taste is determined by touching the filtering pa-
per ribbon with the drop of the extract placed on it or with 
the mixture of 1 g of sugar powder with 1 drop of the ex-
tract with the tongue.  

The content of water is determined by means of dis-
tillation. 1-2 ml of the extract is placed on the test glass 
and heated up to 1200C. If there is some water the glass is 
misted up. The amount of water can be determined by 
evaporating 10 ml of the extract at 1200C with  a  cooler.  
After the water has ceased to evaporate (the steam ther-
mometer shows less than 1000C) it is weighed. 

The density of the extract is determined by a pic-
nometer. To determine this parameter the sign d is used, 
indicating the conditions, usually 200C, related to water 
density at 40C: d4

20. 
The angle of polarization plane rotation is defined 

by polarimeter. Depending on the nature of the substance 
the rotation of polarization plane may have the various di-
rections and quantity.  

For  the  ethereous  oil  of  Mentha piperita (pepper 
mint)  the  angle  of  rotation  must  be  no  less  than  –  180C, 
for ethereous oil of eucalypt – from 0 up to + 100C.  

The refraction parameter is determined in a refrac-
tometer.   

For the ethereous oil of Mentha piperita (pepper 
mint) the refraction parameter must be 1.459-1.470, for 
ethereous oil of eucalypt – 1.458-1.470. 

The temperature of solidification is determined in a 
special device consisting of a vessel of a cooling mixture 
where the test glass is placed in. The height of the extract 
layer must be no less than 5 cm. The highest temperature 

that remains for a short time constant since the moment of 
substance solidification is determined by a thermometer 
and defined as solidification temperature. 

Acid number is determined by a standard methodic 
using KOH and phenolphthalein.  

Ethereous number is determined in the solution ob-
tained after determination of acid number by heating the 
test glass with KOH using air cooling and subsequent ti-
tration with H2SO4 (indicator - phenolphthalein) 

Etherous number (En) after acetylation is deter-
mined by boiling the extract in the presence of acetic an-
hydride and anhydrous sodium acetate and subsequent 
washing with NaCl solution and water. 

The content of complicated ethers or bound spirits 
X1   is calculated by equation: 

5611
MEX n *

=  

where M – the molecular mass of ether or spirit 
The content of phenols is determined by using 

NaOH solution. 
Division and analysis of extracts into classes of 

chemical substances are carried out according to the dia-
gram given in Fig. 5. 

RESULTS AND DISCUSSION 
The researches on physical and chemical parameters 

of CO2 – extracts conducted at the experimental installa-
tion have been the base of making  technical documenta-
tion for CO2 – extracts. 

Documentation determines the production of CO2 – 
extracts obtained both from separate spicy raw material  

 

Fig. 4. The drawing of a commercial subcritical  
extraction installation 

 

Fig. 5. The diagram of CO2 – extracts division into classes of 
organic substances 
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and from a mix of dry spices, used for aromatization of 
various products.   

Most of extracts from spicy and aroma vegetative 
raw material are oily liquid of yellow, green, brown color 
with more dark or light shades.   

The qualitative content of CO2 –  extracts  from do-
mestic spices is given in Tab. 2. 

The physical and chemical parameters of some main 
components of CO2 – extracts are given in Tab. 3. 

CONCLUSIONS 
It has been determined that sub- and supercritical 

CO2 – extracts from spicy-aromatic, medicinal, volatile 
oil bearing vegetative raw material are absolutely similar 
to the native aroma and taste of plants. The content of 
CO2 – extracts is represented by volatile oils, vitamins (E, 
F, C), provitamins (A, D), phytohormones, phytoncides, 
cumarins, alkaloids, tarry substances, waxes and other 

components.  
The substitution of dry spicy substances by the 

analogous CO2 – extracts in various ratios provides high 
quality of tomato sauces, vegetable and fruit marinades, 
meat, vegetable and fish snack canned products, sausages, 
meat semifinished products. CO2 – extracts have already 
found a broad application in public catering and home 

culinary products.   
Using the methods of system analysis, a conception 

of a new scientific direction – the uniform system of car-
bon dioxide application in food industry for creation of 
principally new high technologies of CO2 – treatment of 
agricultural raw material has been formulated. 

1. Peculiarities of interaction, functioning and de-
velopment of technological processes based on interaction 
of food products with carbon dioxide in stable or chang-
ing phase states that made it possible to design the scien- 

Table 2 
The qualitative content of CO2 – extracts from domestic raw material 

Extracts 
 

Oily  
substances 

 

Titrable  
acids 

Non-fat fraction 
 

Other sub-
stan-ces 

 Saponifiable substances Non-saponifiable substances 
Total 

 
Phenols 

 
Total 

 
Carbonyl 

substan-ces 
Spirits 

 
carbohydrates  

Anise 33,30 7,35 7,07 0,9 52,30 - - 20,70  
Sweetflag root 1,10 0,80 16,20 4,6 82,00 5,3 66, 60 10,10 - 

Basil 8,90 8,90 29,20 20, 3 34,80 - 33, 00 1,80 18,2 
Angelica 7,32 2,00 50,20 6,2 40,50 13,20 15, 70 11,60 - 

Sweet-grass 34,10 0.40 40,00 3,4 25,50 3,90 20, 23 1,37 - 
Galangal 11,17 0,60 48,20 12,0 40,00 3,40 32, 60 4,10 - 
Coriander 61,21 1,10 2,17 0,4 34,38 3,10 27,22 4,02 - 
Laurel leaf 22,16 2,40 27,80 9,2 47,60 6,70 18,56 22,34 - 

Juniper berry 27,90 11,20 43,00 10,6 29,10 13,80 15,20 0,10 - 
Red pepper 69,00 0,80 15,10 2,4 15,10 3,60 9,33 1,17 - 

Caraway seeds 36,20 0.84 19,10 5,0 44,70 30,20 14,50 - - 
Sage 12,80 17,80 22,70 8,3 31,50 13,00 18,50  15,2 

 

Table 3 
Physical and chemical parameters of some main components of CO2 – extracts (at 200C) 

Components Appearance Molecular 
mass 

Temperature, °ɋ Density, 
kg/ɦɷ 

Refraction 
coefficient 

Boiling Melting 
Apiole ɋ12ɇ14Ɉ 
 

Crystals look like long colourless needles 
with gentle smell of parsley and chilly taste  

222,20 
 

292 
 

28,0—
30,0 

1,1788 
 

1,5380 
 

Anetole  ɋ10ɇ12Ɉ White crystal mass with the smell of anise 
 

148 ,20 
 

233—234 
 

22,5—
23,0 

0,9840- 
0,9860 

1,5590-1,5610 

 d -Borneole 
C10ɇ18Ɉ 

White crystal product with the smell of 
camphor or ambra  

154,20 
 

214 
 

207,8— 
209,3 

1,0110 
 

 
 

d -Karvone ɋ10ɇ14Ɉ Colorless liquid with the smell of omum 
plant 

150,21 224-225 — 0,9659 1,4949 

Cinnamun aldehyde 
ɋ5ɇ8Ɉ (ȕ-
phenilacroleine) 

Transparent liquid with the smell of cinna-
mun 

132,10 
 

252 
 

- 1,0520 
 

1,6194 
 

Coumarin ɋ9ɇ602  Colorless crystals with the smell of fresh 
hay 

146,14 301 71,0 1 ,0148 — 

Linalool ɋ10ɇ18Ɉ 
 

Colorless transparent liquid with the smell 
of  lily 

154,2. 
 

I85— 199 
 

- 
 

0,8607 
 

1 ,4614 1 
 

1,8-Cineole 
ɋ10ɇ18Ɉ 

Colorless syrup like oil with the smell of 
camphor, taste is cooling   

154,2 
 

177—178 
 

1,0-1,5 
 

0,9262 
 

1,4616 
 

Ⱥzarone ɋ12ɇ10Ɉ3 Crystals without smell and taste 208,2 296 62—63 1 ,0910 1,571-9 
eugenol ɋ10ɇ12Ɉ2 
 

Transparent liquid of yellow color with 
strong smell of clove 

164.2 
 

250—255 
 

- 
 

1 ,0630 
 

1,5445 
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tific bases of engineering solutions in the area of tech-
nique and technology of CO2 – processing have been re-
vealed.  

2. The full-scale chemical and biological researches 
on more than 100 kinds of domestic and imported fruit-
vegetable,  spicy,  aromatic,  oily  and  other  kinds  of  raw  
material, including nontraditional kinds of raw material 
and byproducts of food raw material have been carried 
out, the adaptability of this raw material for industrial ap-
plication has been revealed, the raw material most suita-
ble for the CO2 – technology has been tested. 

3. The scientific basis for new areas of food and 
cooling techniques, such as selective extraction and line-
spray treatment in gasdynamic chillers has been elaborat-
ed and the peculiarities of substance crystallization in the 
“CO2 – component” complex systems have been revealed.     

4. Using the methods of system analysis, a concep-
tion of a new scientific direction in the application of CO2 

– technologies in food industry for processing various 
kinds of food raw material has been formulated. 

5. The scientific basis of selective extraction has 
been worked out and the conditions of “coextraction” ef-
fect have been described. 

6. The combined methods of process thermodynam-
ic effectiveness analysis (directed line spray crystalliza-
tion, selective extraction etc.) have been worked out.  

7. The methodology of selecting and determining 
the sequence of designing have been worked out to esti-
mate the interdependent mode and technological charac-
teristics of the new equipment for CO2 – extraction.   

8. The generalized approaches to the processes have 
been worked out, which made it possible to find out the 
interactive factors in the development of new technologi-
cal solutions, to formulate the directions of scientific re-
searches and to sum up the ways of the solving problems. 

ɉɨɫɬɭɩɢɥɚ 06.2011 
	 REFERENCES 

1. Kasyanov, G. I. Natural food flavoring agents CO2 – extracts [Ɍɟkst] / G. I. Kasyanov, A.V. Pehov, A.A. Taran. – M.: Food Industry, 1978. – 176 p.  
2. Kasyanov, G. I. Technological bases of CO2 – treatment of vegetative raw material [Ɍɟkst] / G. I. Kasyanov. – M.: Russian Agricultural Academy, 
1994. – 132 c. 
3. Kasyanov, G. I. The extraction of valuable components from vegetative raw material by methods of sub- and supercritical CO2 - extraction [Ɍɟkst] / 
G. I. Kasyanov, V.S. Korobitsyn. – Krasnodar: Publishing house – Yug, 2010. – 132 c. 
4. Stasyeva, O.N. CO2 – extracts of Caravan Company – new class of natural food additives [Ɍɟkst] /  O.N. Stasyeva, N.N. Latin, G.I.  Kasyanov. – 
Krasnodar: KRIAPSP, 2008. – 324 c.  
5. Rozzi, N.L. Supercritical Fluid Extraction of Lycopene from Tomato Processing Byproducts [Ɍɟkst] / N.L. Rozzi, R.K. Singh, R.V. Vierling, B.A. 
Watkins // J.Agric.Food Chem. – 2002.- 50, p. 2638-2643.  
6. Shi, J. A mass transfer model applied to the supercritical extraction with CO2 of curcumins from turmeric rhizomes. [Ɍɟkst] / J. Shi, S.Yang, H.Li ɢ 
M.Le Maguer // Braz.J.Chem.Eng. – Sept., 2000, – v.17, – N3.  

ɍȾɄ 628.161.08:537.6 

ɌȿɅȿɀȿɇɄɈ�Ʌ�Ɇ., ɞ�ɪ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɒɌȿɉȺ�ȯ�ɉ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ, 
ɆɂɏȺɃɅɈȼȺ�Ʉ�Ⱥ., ɚɫɩɿɪɚɧɬ, ɉȺɍɅȱɇȺ�ə�Ȼ., ɫ. ɧ. ɫ. 
Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ȼɉɅɂȼ�ȿɅȿɄɌɊɈɆȺȽɇȱɌɇɈȽɈ�ɈȻɊɈȻɅȿɇɇə  
ɇȺ�ɆɈɅɈɑɇɈɄɂɋɅȱ�ȻȺɄɌȿɊȱȲ 

ɉɨɤɚɡɚɧɨ� ɜɩɥɢɜ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ� ɦɨɥɨɤɚ� ɧɚ 
ɦɨɥɨɱɧɨɤɢɫɥɿ� ɛɚɤɬɟɪɿʀ Lactobacillus acidophilus ɬɚ Lactobacillus 
plantarum. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ�ɞɚɧɢɣ�ɜɢɞ�ɨɛɪɨɛɥɟɧɧɹ�ɧɟ�ɩɪɢɝɧɿɱɭɽ�ɪɨ-
ɡɜɢɬɨɤ�ɤɨɪɢɫɧɨʀ�ɦɿɤɪɨɮɥɨɪɢ, ɚ�ɩɪɢ�ɫɢɥɿ�ɫɬɪɭɦɭ 0,6 Ⱥ (93 ɤȺ�ɦ) ɿ 1 Ⱥ 
(165 ɤȺ�ɦ) ɧɚɜɿɬɶ�ɜɢɹɜɥɹɽ�ɧɟɡɧɚɱɧɭ�ɫɬɢɦɭɥɸɸɱɭ�ɞɿɸ.  

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ: ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɟ�ɨɛɪɨɛɥɟɧɧɹ, ɦɨɥɨɱɧɨɤɢɫɥɿ 
ɛɚɤɬɟɪɿʀ, ɧɚɤɨɩɢɱɟɧɧɹ�ɛɿɨɦɚɫɢ, ɥɿɩɿɞɢ�ɦɨɥɨɤɚ. 

It is showed influence of electromagnetic treatment on lactobacil-
luss of Lactobacillus acidophilus and Lactobacillus plantarum. It is set 
that the type of treatment is given not represses development of useful 
microflora, but at strength of current 0,6A (93 kA/m) and1A (165 kA/m) 
even finds out an insignificant stimulant an action in relation to some 
lactobacillus. 

Keywords: electromagnetic treatment, lactobacillus, biomass ac-
cumulation, milk fats. 

Ʌɸɞɢɧɚ�ɿ�ɫɟɪɟɞɨɜɢɳɟ,  ɳɨ�ʀʀ�ɨɬɨɱɭɽ,  ɡɧɚɯɨɞɹɬɶɫɹ 
ɭ�ɩɨɫɬɿɣɧɿɣ�ɛɿɨɥɨɝɿɱɧɿɣ�ɪɿɜɧɨɜɚɡɿ. Ɂɚɝɚɥɶɧɨɜɿɞɨɦɨ, ɳɨ 
ɡɞɨɪɨɜ¶ɹ� ɥɸɞɢɧɢ� ɡɧɚɱɧɨɸ�ɦɿɪɨɸ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɹɤɨɫɬɿ 
ɜɨɞɢ�ɬɚ�ɧɚɩɨʀɜ, ɪɿɜɧɹ�ʀɯ�ɦɿɧɟɪɚɥɿɡɚɰɿʀ�ɬɚ�ɜɟɥɢɱɢɧɢ�ɤɪɢ-
ɫɬɚɥɨɝɿɞɪɚɬɿɜ. 

ɋɶɨɝɨɞɧɿ� ɨɞɧɿɽɸ� ɿɡ� ɧɚɣɜɚɠɥɢɜɿɲɢɯ� ɩɪɨɛɥɟɦ� ɽ 
ɜɞɨɫɤɨɧɚɥɟɧɧɹ� ɦɟɬɨɞɿɜ� ɨɛɪɨɛɥɟɧɧɹ� ɜɨɞɢ� ɿ� ɯɚɪɱɨɜɢɯ 
ɫɢɫɬɟɦ. ɉɨɫɬɚɽ� ɩɢɬɚɧɧɹ� ɩɪɨ� ɧɟɨɛɯɿɞɧɿɫɬɶ� ɜɩɪɨɜɚ-
ɞɠɟɧɧɹ�ɧɨɜɢɯ�ɫɩɨɫɨɛɿɜ�ɿ�ɬɟɯɧɨɥɨɝɿɣ.  

Ɉɞɧɢɦ� ɿɡ� ɧɚɣɛɿɥɶɲ� ɪɟɚɥɶɧɢɯ� ɧɚɩɪɹɦɿɜ� ɨɛɪɨɛ-
ɥɟɧɧɹ� ɧɚɩɨʀɜ� ɡ� ɦɟɬɨɸ� ɩɨɥɿɩɲɟɧɧɹ� ɡɚɫɜɨɽɧɧɹ� ɦɿɧɟɪɚ-
ɥɶɧɢɯ�ɪɟɱɨɜɢɧ�ɽ� ɡɚɫɬɨɫɭɜɚɧɧɹ�ɟɥɟɤɬɪɨɮɿɡɢɱɧɢɯ�ɦɟɬɨ-
ɞɿɜ.  Ɋɨɡɜɢɬɨɤ  ɰɶɨɝɨ� ɧɚɩɪɹɦɭ� ɡɭɦɨɜɥɸɽɬɶɫɹ  ɟɥɟɤ-
ɬɪɢɱɧɨɸ� ɩɪɢɪɨɞɨɸ� ɩɪɨɞɭɤɬɿɜ� ɫɩɨɠɢɜɚɧɧɹ. ȼɿɞɨɦɨ, 
ɳɨ� ɧɚɣɚɤɬɢɜɧɿɲɟ� ɧɚ� ɟɥɟɤɬɪɢɱɧɨ� ɡɚɪɹɞɠɟɧɿ� ɱɚɫɬɢɧɤɢ 

ɦɨɠɧɚ� ɜɩɥɢɜɚɬɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɟɥɟɤɬɪɢɱɧɢɯ, ɦɚɝɧɿɬ-
ɧɢɯ� ɿ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ� ɩɨɥɿɜ [1]. ȿɥɟɤɬɪɨɦɚɝɧɿɬɧɟ 
ɨɛɪɨɛɥɟɧɧɹ  ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�ɜ�ɛɚɝɚɬɶɨɯ�ɝɚɥɭɡɹɯ�ɩɪɨɦɢ-
ɫɥɨɜɨɫɬɿ� ɡ� ɦɟɬɨɸ� ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɩɪɨ-
ɰɟɫɿɜ. ȼɨɧɨ� ɬɟɯɧɨɥɨɝɿɱɧɟ, ɩɪɨɫɬɟ� ɜ� ɚɩɚɪɚɬɭɪɧɨɦɭ 
ɨɮɨɪɦɥɟɧɧɿ, ɟɤɨɥɨɝɿɱɧɟ, ɧɟ� ɜɢɦɚɝɚɽ� ɡɧɚɱɧɢɯ� ɟɧɟɪɝɟ-
ɬɢɱɧɢɯ�ɜɢɬɪɚɬ. 

ȼɿɞɨɦɨ [1], ɳɨ�ɩɪɢ�ɟɥɟɤɬɪɨɮɿɡɢɱɧɨɦɭ�ɨɛɪɨɛɥɟɧ-
ɧɿ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɿ�ɩɨɥɹ�ɪɿɡɧɨʀ�ɱɚɫɬɨ-
ɬɢ, ɟɥɟɤɬɪɢɱɧɿ� ɩɨɥɹ� ɜɢɫɨɤɨʀ� ɧɚɩɪɭɠɟɧɨɫɬɿ, ɩɨɫɬɿɣɧɿ� ɿ 
ɩɭɥɶɫɭɸɱɿ�ɦɚɝɧɿɬɧɿ� ɩɨɥɹ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɜ�ɇɚɰɿɨɧɚ-
ɥɶɧɨɦɭ�ɭɧɿɜɟɪɫɢɬɟɬɿ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ�ɩɿɞ�ɤɟɪɿɜɧɢ-
ɰɬɜɨɦ  ɩɪɨɮɟɫɨɪɚ�ɍɤɪɚʀɧɰɹ�Ⱥ�ȱ. ɩɪɨɜɨɞɢɥɢɫɶ� ɪɨɛɨɬɢ 
ɩɨ�ɞɨɫɥɿɞɠɟɧɧɸ�ɿ�ɜɩɪɨɜɚɞɠɟɧɧɸ�ɭ�ɜɢɪɨɛɧɢɰɬɜɨ�ɟɥɟɤ-
ɬɪɨɿɫɤɪɨɜɢɯ�ɿ�ɦɚɝɧɿɬɨ�ɿɦɩɭɥɶɫɧɢɯ�ɦɟɬɨɞɿɜ�ɨɛɪɨɛɥɟɧɧɹ 
ɯɚɪɱɨɜɢɯ�ɩɪɨɞɭɤɬɿɜ, ɬɚɤɨɠ�ɜ�ɨɤɪɟɦɢɯ�ɜɢɩɚɞɤɚɯ�ɜɢɤɨ-
ɪɢɫɬɨɜɭɜɚɥɢɫɶ�ɭɥɶɬɪɚɡɜɭɤɨɜɿ�ɭɫɬɚɧɨɜɤɢ [2].  

ȼɫɿ� ɩɟɪɟɪɚɯɨɜɚɧɿ� ɱɢɧɧɢɤɢ� ɜ� ɪɟɚɥɶɧɢɯ� ɭɦɨɜɚɯ 
ɞɿɸɬɶ�ɧɚ� ɛɿɨɥɨɝɿɱɧɿ� ɨɛ
ɽɤɬɢ� ɜ� ɬɨɦɭ� ɚɛɨ� ɿɧɲɨɦɭ�ɩɨɽɞ-
ɧɚɧɧɿ�ɫɩɿɥɶɧɨ,  ɿ� ɬɨɦɭ�ɜɚɠɤɨ,  ɚ�ɱɚɫɨɦ�ɧɟɦɨɠɥɢɜɨ�ɪɨɡ-
ɞɿɥɶɧɨ�ɞɨɫɥɿɞɠɭɜɚɬɢ�ɩɪɨɰɟɫɢ, ɳɨ�ɦɚɸɬɶ�ɪɿɡɧɭ�ɮɿɡɢɱ-
ɧɭ�ɩɪɢɪɨɞɭ. Ɉɛ¶ɽɤɬɢɜɧɨɸ�ɨɰɿɧɤɨɸ�ɜɩɥɢɜɭ�ɪɿɡɧɢɯ�ɮɚ-
ɤɬɨɪɿɜ� ɧɚ� ɛɿɨɥɨɝɿɱɧɿ� ɨɛ
ɽɤɬɢ� ɦɨɠɟ� ɛɭɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ 
ɫɬɿɣɤɨɫɬɿ�ɤɭɥɶɬɭɪ�ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ�ɞɨ�ʀɯ�ɞɿʀ. 

Ⱦɨɫɥɿɞɧɢɤɢ [2] ɜɢɜɱɚɥɢ�ɜɩɥɢɜ� ɟɥɟɤɬɪɨɿɫɤɪɨɜɨɝɨ 
ɨɛɪɨɛɥɟɧɧɹ�ɧɚ�ɞɪɿɠɞɠɿ�ɪɨɞɭ Saccharomyces cerevisiaɟ; 
ɨɰɬɨɜɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ Acetobacter aceti ɿ�ɦɨɥɨɱɧɨɤɢɫɥɿ  


