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Abstract 

Spectroscopic studies have shown that by varying the values of the heating temperature in the volume of the 

transparent part of the juice, conditions are created for the coagulation of proteins with coloring pigments fixed on 

them. This process is accompanied by the formation of a phase separation as a result of which a semi-finished 

product is obtained, with a concentration of coloring dry matter of 40-50% by weight. In order to use the developed 

technology for obtaining natural dye, the "juice phase separator" installation was created. 
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In nature, there are many different dyes. Depend-

ing on their properties, they are used in various sectors 

of the national economy [1-3]. For the effective use of 

dyes, it is necessary to have information on the spectral-

luminescent, optical, and other physicochemical char-

acteristics. These parameters change under the influ-

ence of a number of factors (the nature of the solvent, 

temperature, concentration, light radiation, etc.) [1-3]. 

Currently, there is practically no work on a detailed and 

systematic study of dyes used in the food and pharma-

ceutical industries [2,8,7]. Food coloring is usually 

used in the form of concentrated solutions, paste or in 

powder form. Concentrated dyes can be obtained by 

temperature exposure. Or by vacuum evaporation [9-

11]. The process of vacuum evaporation and freeze-

drying is expensive and time-consuming [12-13]. How-

ever, an increase in temperature (over 700 ° C) can lead 

to destruction of the aromatic components of the juice 

of fruits, berries and vegetables [14-15]. As a result of 

these processes, the color and taste of the finished prod-

uct deteriorate [16-18]. This article presents the results 

of a study on the development of technology for pro-

ducing dyes. These natural dyes can be used in the food 

and pharmaceutical industries. This technology is 

based on the physical processes of phase transitions in 

natural juices. 

As an object of research, Carrots of the variety 

"Mirzoi red 228" were selected. "Mirzoi red" was 

washed with running water, damaged areas were re-

moved and carrot juice was obtained with a dry matter 

concentration of C = 5%. The mass density of the juice 

was ρ = 1.068 g / cm3. Further, the juice was subjected 

to temperature heating in the range of 20 ÷ 650 ° C. 

Heating the juice in the temperature range of 20 ÷ 630C 

leads to phase separation from coagulation of proteins 

of natural juices. 

Phase separation with the separation of carotenoid 

concentrate was carried out at the “juice phase separa-

tor” installation, the circuit diagram of which is shown 

in Fig. 1. and a method for producing dye is described 

in the text. The installation consists of an insulated base 

(1) on which the evaporator (2) is mounted. Three plas-

tic cylinders with a diameter of 5 cm are also mounted 

on the surface of the installation base. The height of the 

plastic cylinders is selected so that when a transparent 

cylindrical tank (3) is installed, a gap between the tank 

and the coil remains above them. A mixture of ethanol 

and antifreeze, with a negative temperature (up to -

150С), was used as a coolant agent. Carrot juice is 

poured into the container (3) in 2/3 of the volume of the 

transparent container. An axis is installed in the center 

of the cylinder along which the conductive grid (6) 

moves freely. On a tripod, which is located near the 

base of the device (7), a heater (5) is installed, which is 

connected in series through a rheostat (4). For the oper-

ation of the heater, a DC voltage of 12 W is used. The 

coil is equipped with inlet and outlet fittings through 

which coolant was supplied. 
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Fig. 1. Schematic diagram of the installation used to separate the phases of carrot juice. 

 

Obtaining a carotenoid containing dye using the 

developed installation was carried out as follows. The 

carrots were washed with running water, damaged ar-

eas were removed, washed with hot water and carrot 

juice was obtained by pressing. Coagulation of proteins 

with carotenoids was carried out by heating the whole 

mass of juice from outside to 63 ° C and then cooling 

it, as described above. At the same time, 92% of carot-

enoids left the solution with flakes of coagulated pro-

tein. 

The separation of phases with the release of the 

concentrate of carotenoids was carried out as follows. 

To sediment the coagulated protein, a horizontal fine-

mesh conductive mesh was introduced into the cylin-

drical container, having a circular cross section and a 

cross-sectional size of the cylindrical container. The 

mesh was lowered to a layer of coagulated sediment. In 

this case, protein was precipitated, the coagulate layer 

was compacted, its dynamic and diffusion mobility was 

excluded. 

The lower part of the solution volume was cooled 

by placing a container in a tank containing a water-eth-

anol antifreeze mixture, cooled to minus temperature 

by a coil through which refrigerant was passed. At the 

same time, the upper part of the solution volume was 

heated locally with a spiral heater to a certain positive 

temperature. At the initial stage of the process of freez-

ing the lower part of the cooled volume solution with 

simultaneous local heating of its upper part for a certain 

time there was a deposition of small coagulated pro-

teins with carotenoids fixed on them. During the next 

aging, the liquid mass of the solution in its lower part 

began to crystallize, turning into ice. The crystallization 

front extended upward and reached the heater. 

The layer of protein coagulate was squeezed out 

by ice. Impurity coloring matter (chlorophyll, etc.), as 

well as hydrophilic, aromatic, dissolved gases, escaped 

up to the heated liquid phase and accumulated in a local 

volume around the heater. The ice layer from the con-

ductive mesh to the liquid region of the upper part of 

the volume was transparent, unpainted. The liquid 

phase of the solution near the heater was poured into a 

separate container. The conductive grid was heated by 

passing an electric current through it. At the same time, 

the ice at its location melted, and there was a separation 

of the lower layer containing coagulate and the trans-

parent mass of ice. 

The mesh was lifted up and removed from the cy-

lindrical container along with that located on it ice 

mass. Thus at the bottom of the tank received frozen 

concentrate carotenoids. 

The dry matter concentration in the carrot carote-

noid concentrate was 70-75 wt.%. The amount of wet 

coagulate containing proteins with fixed carotenoids 

obtained from 2 kg of carrots was 110 g. After drying, 

the resulting finished product was 14 g in weight (Fig. 

2). 

 
Pic.2. Appearance of carrot dye. 
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The colorant can be used in the food and pharma-

ceutical industries, for coloring confectionery cream, 

ice cream and some vitamins. 

The obtained carotenoid concentrate is directly 

used in the food industry for coloring various food 

products. 

The spectral-optical characteristics of the obtained 

dyes were studied. Figure 5 shows the absorption spec-

trum of the obtained carotenoid concentrates. 

 

 
 

Pic.3 Absorption spectra of carrot dye (1), chromatographically isolated pigment 

(2). 

 

As can be seen from Fig. 3, curve 1, the absorption 

spectrum of the obtained concentrate consists of a wide 

band with maxima λ_max= 435 and 615 nm. When 

comparing the electronic spectra of the concentrate and 

β - carotene (Fig. 3, curves 1 and 2), their significant 

differences were observed. It was assumed that the ab-

sorption bands with λ_max = 435 nm belong to carote-

noid derivatives. At the same time, a band with a wave-

length of λ_max = 615 nm is assigned to chlorophylls.  

Indeed, chromatographic separations performed at 

Sephadex G-25 showed that three mobile zones appear 

on the column. To determine the concentration of the 

coloring matter of the dye from carrots of the Mirzoi 

red variety, a well-known technique was used. 1 ml of 

a standard solution of K2Cr2O7 corresponds to 2.08 mg 

of carotene. The concentration of the coloring sub-

stance "Cx" was determined by the ratio: 

D1 / D2 = C1 / Cx 

Where: D1 - optical density of a standard solution 

K2Cr2 O7, l / molcm; 

D2 -is the optical density of the test dye solution, l 

/ molcm; 

C1 - amount of carotene in 1 ml of standard solu-

tion, mg. 

The spectroscopic method was used to determine 

the proportion of the added dye necessary for coloring 

the confectionery cream in the visible region of the 

spectrum. 

Figure 4 shows the relative values of the reflection 

coefficient Rrel of creamy confectionery cream. As can 

be seen from the figure, as the amount of added dye in-

creases, the reflectivity of the finished product grows. 

The increase in reflection intensity continues until 

the dye concentration is equal to C = 0.3%. Further dye 

addition does not lead to a significant increase in reflec-

tivity at λmax = 435 nm. The results show that the op-

timal amount of added carrot dye for coloring confec-

tionery cream is 0.3% of the mass, i.e. 3 g / kg 
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Pic. 4. The reflection spectrum of the confectionery cream, depending on the added carrot dye in%. (Curves 1-

4); 1 - control, 2 - 0.1%, 3 - 0.2%, 4 - 0.3%. 

 

Physico-chemical parameters of finished products 

stained with carrot dye did not differ from the control. 

When dye was added, the moisture content of the mass 

increased by no more than 0.08%, and the content of 

reducing substances remained constant. A tasting of 

colored samples of finished products, conducted in con-

junction with practitioners for the production of confec-

tionery products, showed that carrot dye is acceptable 

for coloring food products. Thus, a technology for pro-

ducing a natural dye based on phase separation in juices 

has been developed. In order to apply the developed 

technology for producing natural dye, the “juice phase 

separator” installation was created. The resulting pre-

fabricated powder dye is applicable in the food and 

pharmaceutical industries. 
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Abstract 

The features of implementation of simulation models based on table processors such as Microsoft Excel, 

which have a built-in formula processor, are considered. The interaction of model elements is sometimes limited 

to the use of circular references between cells of tables. In addition, it is often necessary to ensure efficient organ-

ization of model time and binding of model elements to it. This paper presents the implementation of a simulation 

system based on the table processor of the "Objective Grid" library from Roque Wave and the organization of 

adaptive management of virtual model time. 
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The so-called "spreadsheets" were an integral part 

of the software even at the stage of formation of the 

personal computer market. PC users appreciated the 

convenience of using them in the case of multi-level re-

lated calculations-planning, financial reports, account-

ing, statistics, etc. Many people remember "Super-

Calc", "VisiCalc" domestic products of the company 

"Lexicon". Table processors were continuously im-

proved, and it became possible to use a variety of math-

ematical, logical, and other functions. With the devel-

opment of the PC, the ability to visualize data was im-

plemented. Probably the most popular program of this 

type is Microsoft Excel. This application is able to 

solve a wide range of tasks, including research. There 

are special add-ons that implement additional features. 

Recently, the simulation tool has been widely used in 

the field of theoretical and applied scientific research. 

Modern simulation systems, such as "AnyLogic" using 

visual modeling tools, however, require special training 

for users. At the same time, the popularity of table pro-

cessors, including Microsoft Excel, is constantly grow-

ing. Therefore, it would be convenient to use a table 

processor as a means of creating and operating simula-

tion models. The capabilities of Excel in this case are 

represented by iterative calculations limited to the max-

imum number of iterations and the specified accuracy. 

Thus, Excel allows you to organize the simplest method 

of statistical Monte Carlo modeling, which in many 

cases is not enough to solve research and other prob-

lems using simulation modeling. Therefore, the author 

[6] proposed a system that combines the advantages of 

the Microsoft Excel interface and has the ability to de-

velop fairly complex simulation models. 

 Microsoft Visual Studio and the C++program-

ming language were used as the platform for imple-

menting the project. The object-oriented platform made 

it possible to implement all the tasks set, among them 

the following should be highlighted: 

1. unified interface for table processor worksheets, 

regardless of their purpose; 

2. linking the simulation model components to the 

model time; 

3. ability to implement table functions; 

4. flexible configuration of model time manage-

ment, including during the model run; 

5. possibility of simultaneous operation of several 

simulation models, as well as users working with tables 

during the model run; 

6. creating a visual representation of the modeling 

process; 

7. save parameters of simulation models and data 

required for their operation in a single file. 

The first task is easily implemented using the class 

inheritance mechanism in C++. For example, the 

CImitView workbook sheets designed for simulation 

are based on the CGridView view class, and they in-

herit all its properties, such as design styles, access to 

the formula processor, which means they have all the 

functionality of the latter, expanding it with their own 

specialized functions. The same feature of the object-

oriented programming language helped solve the sec-

ond and third problems. Simulation model components 

that implement table functions or are associated with 

model time are descendants of the CGridCtrl class. in 

other words, they are cells of the table processor work-

sheet with advanced functions and a standard interface. 


