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Abstract. Chlorophyll is a green plant pigment that is highly soluble in fats. This pigment substance, called the food dye 

chlorophyll and related to food premixes, is obtained by various physicochemical methods from raw materials, usually of plant 
origin. This food coloring is allowed in almost all countries of the world and is considered harmless to health. In known methods for 
producing chlorophyll, preparation of plant material that is inefficient from the point of view of energy conservation is used for ex-
traction by thermal drying, therefore, it is proposed to remove part of the free moisture from the crushed material by mechanical 
means. To solve the problem of the most complete extraction of chlorophyll from crushed spinach leaves, it is advisable to subject 
them to preliminary short-term soaking in water / organic reagent emulsion under ultrasonic treatment, and then remove part of the 
moisture, for example, by filtering centrifugation. After implementing the process of mechanical separation of the emulsion from the 
crushed spinach leaves and their extraction, the obtained precipitate having reduced moisture is a prepared material for extracting 
chlorophyll from it. To rationalize the filtration process, it is necessary to evaluate the structural and mechanical properties of the 
deposited materials in order to determine the sediment resistance, the choice of material and the resistance of the filtering partition 
depending on the driving force of the process by solving the kinetic differential filtration equation. This article discusses an im-
portant stage in the preparation of plant materials for the extraction of chlorophyll, namely, the mechanical removal of moisture 
from a precipitate consisting of finely ground spinach leaves, which is formed as a result of partial separation of the emulsion after 
the soaking step. Using experimental data and the dependence on the speed of rotation of the working body of the centrifuge, after a 
series of experiments, generalized equations were obtained for calculating the specific resistance of the sediment depending on the 
angular velocity or the corresponding pressure drop for use in engineering calculations of filtering centrifuges. 
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Introduction. The choice of rational technological solutions for the preparation of spinach leaves for the ex-

traction of chlorophyll from them is due to the analysis of existing methods for producing chlorophyll extracts from 
plant materials. In some of the above methods, preparation of the plant material for extraction, which is ineffective from 
the point of view of energy saving, is used [8, 14]; here, the process of drying is meant, therefore it is desirable to ex-
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clude thermal moisture removal from the technology, and remove part of the free moisture from the crushed raw mate-
rial by mechanical means [12]. 

To solve the problem of more complete extraction of chlorophyll from crushed spinach leaves, it is advisable 
to subject them to preliminary short-term soaking in water / organic reagent emulsion under ultrasonic treatment. After 
the soaking procedure, it is necessary to remove part of the moisture from the spinach with a lower energy intensity 
compared to thermal processes, for example, centrifugation, after which the material can be considered ready for extrac-
tion. 

Figure 1 shows an operator model of the proposed technology for preparing plant materials (spinach leaves) for 
subsequent extraction of green pigment readily soluble in fats from it. 

 

 
Fig. 1. Operator model of spinach leaf preparation technology to extraction 

 
As already noted, an important stage in the preparation of plant materials is the mechanical removal of mois-

ture from the sediment, consisting of finely chopped spinach leaves, which is formed as a result of partial separation of 
the emulsion after the soaking step. According to the proposed technology, the process of moisture removal must be 
carried out under the action of centrifugal forces in special filtering centrifuges to dewater the sludge. Great productivi-
ty with a simple design, a continuous sequence of operations and minimal labor costs leads to the widespread use of 
filtering centrifuges in various industrial fields. 

These aggregates are used for clarification of suspensions with a concentration of a dispersed phase of about 
50%, rapidly losing their fluidity, as well as for centrifugal extraction. This equipment is an aggregate, including three 
main nodes: 

 a perforated drum located on a horizontal or vertical rapidly rotating shaft, in which the process of filtering 
the suspension and washing the precipitate; 

 a casing in which the filtrate is collected and from which it is removed; 
 a drive for rotating the drum with a braking device. 

To implement the process of mechanical separation of the emulsion from the crushed spinach leaves and their 
extraction (processor 3.2 in Fig. 1), continuous filtering centrifuges with a screw device for unloading sludge can be 
recommended, which are used to dehydrate difficultly transported materials with a high content of fine particles in sus-
pension. The use of devices of this type will allow to obtain products with minimal humidity. 

These devices with a conical rotor filter assembly, inside of which a coaxial screw is located, are of vertical 
(Fig. 2) or horizontal (Fig. 3) design. The screw rotates in the direction of rotation of the rotor with a different frequen-
cy and is designed to discharge sediment. 

The device diagram shown in Figure 2 is considered standard for vertical machines. Such centrifuges are man-
ufactured with rotor diameters of 200 800 mm and, as a rule, from 3 to 5 sizes are contained in the parametric row [3, 
10]. 
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Horizontal filtering screw centrifuges (Fig. 3) were created in the 50s of the last century, and towards the end 
of the century their production exceeded the production of vertical centrifuges. Today, around the world, about 30 
standard sizes of such centrifuges are manufactured, and their priority over vertical ones is explained by higher opera-
tional reliability. Experience shows that horizontal centrifuges are more promising than vertical ones, despite the fact 
that they occupy a large area and have slightly worse dynamic characteristics (the center of mass of the rotor is located 
behind the main supports) [3, 10]. 

 
Fig. 2. Diagram of a vertical filtering centrifuge with screw discharge of sediment: 1 - frame; 2 - drive; 3 - gearbox; 4 - spiral scraper;  

5 - filtering surface; 6 - case; 7 - loading hopper; 8 - electric motor 
 

After implementing the process of mechanical separation of the emulsion from the crushed spinach leaves and 
their extraction, the obtained precipitate having reduced moisture is a prepared material for extracting chlorophyll from it. 

The preparatory operation for the mechanical removal of moisture from plant materials in the field of centrifu-
gal forces is subject to special attention, because to streamline the filtration process, it is necessary to evaluate the struc-
tural and mechanical properties of the deposited materials in order to determine the sediment resistance, the choice of 
material and the resistance of the filtering partition depending on the driving force of the process by solving kinetic dif-
ferential equation of filtration. 

Goals and objectives. The aim of the study is to determine the specific parameters of the filtration and spin 
spinach suspension during centrifugation for the selection and calculation of industrial centrifuges. 

To achieve this goal it is necessary to solve the following tasks: 
1. To analyze the existing methods for producing extracts of chlorophyll from plant materials and the opera-

tions of its preparation for extraction. 
2. To propose a rational technological and apparatus scheme for preparing raw materials for ekstragirovanie. 
3. Theoretically and empirically substantiate the mechanical removal of moisture from the precipitate, consist-

ing of finely chopped spinach leaves, which is formed as a result of partial separation of the emulsion after the soaking 
step. 

4. Using the experimental data and the dependence on the speed of rotation of the working body of the centri-
fuge, after a series of experiments, obtain generalized equations for calculating the specific resistance of the sediment 
depending on the angular velocity or the corresponding pressure drop for use in engineering calculations of filtering 
centrifuges. 
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Fig. 3. Scheme of a horizontal filtering centrifuge with auger discharge of sediment: 1 - gearbox; 2 - bed; 3 - a casing; 4 - rotor;  

5 - filtering surface; 6 - auger conveyor; 7 - supply pipe; 8 - pipe for entering the washing liquid; 9 - sediment discharge chamber;  
10 - chamber drainage of washing fluid; 11 - a chamber for removing the filtrate; 12 - vibration isolating device; 

13 - safety device 
 
Methods and Models. Chlorophyll food supplement is a green pigment of plants, highly soluble in fats, plays 

a key role in photosynthesis, and is vital for the existence of plants. By its structure and structure, chlorophyll is similar 
to heme (Fig. 4), a non-protein coloring matter of the blood, to which oxygen molecules are attached [2, 7]. In the cen-
tral part of the porphyrin cycle (Fig. 4 (b)), a magnesium ion is located in chlorophyll, which contacts in the usual inter-
action with 2 nitrogen atoms, and with other atoms - a coordination bond. 

This pigment substance, called food color Chlorophyll (E-140) and related to food premixes, is obtained by 
various physicochemical methods from raw materials, usually of plant origin. There are also derivative dyes, copper 
complexes of chlorophylls and chlorophyllins, which are soluble in water and are classified as E-141 by the classifica-
tion of food additives. As for plant materials, the natural food coloring Chlorophyll is extracted from many of its spe-
cies, from seaweed to nettles and broccoli, although it is also present in some protozoa and bacteria. 

 
  

Fig. 4. The structure of the porphyrated core of chlorophyll (b) and heme (a) 
Food coloring E-140 is allowed in almost all countries of the world and is considered harmless to health, alt-

hough a scientific discussion on this issue is still relevant. Some consider chlorophyll to be a panacea for all diseases, 

 a component plants involved in its 
photosynthesis. As noted above, the structure of chlorophyll is similar to the structure of heme, which forms hemoglo-
bin in conjunction with iron, but there are still structural differences between them, therefore, according to some scien-
tists, chlorophyll is not able to perform the functions of heme, and, therefore, it affects human health slightly [11]. 

If we are talking about natural chlorophyll, which is in the sap of plants, which can be squeezed out of any edi-
ble grass using a conventional mechanical press, then the opinion here is unequivocal - there is no doubt in its healing 
properties. The absence of this doubt is confirmed by long-term observations of people who consumed medicinal wheat 
juice, green smoothies and similar drinks for medicinal purposes, and as a result achieved the desired effect, and this 
includes oncology, and allergies, and immunity, and regeneration, and hormonal levels, etc. As for modern dietary sup-
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plements with chlorophyll, the situation here is not unambiguous, associated with the procedures for their preparation, 
therefore, when using a PC, the effect may not be, in the best case, if chlorophyll is natural, there is a chance to get the 
necessary treatment, and in the worst, to throw money away wind and lose time. 

In general, it should be noted that the use of synthetic chlorophyll in the food industry does not lead to negative 
consequences for the finished product, because chlorophyll is one of the safest and sometimes useful food additives 
used in the industry today. 

The choice of spinach leaves as a starting material for obtaining a natural dye based on chlorophylls, in particu-
lar, types a and b (Fig. 5, 6), is due to the fact that this vegetable is a food raw material rich in this pigment and, in addi-
tion,  
a good source of various its functional properties, biologically active substances [4, 13]. 

 

 
Fig. 5. Chlorophyll of type a 

 
Both chlorophylls in spinach foliage are combined with proteins, and such a common plant complex is called 

chlorohybin. Both species are soluble in organic solvents, but their solutions are unstable, therefore, after distillation of 
the extractant, chlorophyll should be dissolved in fats, solutions of which can already be stored. 

 

 
Fig. 6. Chlorophyll of type b 

 
Spinach stands out among the rest of the plant material with a high content of chlorophylls, ascorbic acid, -

carotene, phenolic compounds, which have an immunomodulating and antioxidant effect. As for chlorophylls, their 
mass fraction in spinach leaves, according to various sources, ranges from 185 mg to 620 mg per 100 g of product [5, 
6]. Table 1 below provides information on the chemical composition, nutritional value and nutritional balance of fresh 
spinach. 

On the other hand, the choice in favor of spinach is also associated with its large yield with economic suitabil-

proper use, although its vegetation interval allows for the supply of fresh vegetable products to the northern regions. 
Garden spinach (Spinaciaoleracea) is a 1-year-old dioecious plant that is part of the family of quinoa. It is 

grown in almost all zones of the Russian Federation, given its early ma
C, and its shoots and mature plants do not die up to -

3 summer period [1]. 
Table 1 

Chemical composition, nutritional value of spinach leaves in 100g of product 
Serving Size, g 100 

Protein fraction, g 2,9 Vitamin K, phylloquinone, mcg 483 
Lipid fraction, g 0,3 Vitamin PP, NE, mg 1,2 
Carbohydrate fraction, g 2 Niacin, mg 0,6 
Acid-organic fraction, g 0,1 The presence of macronutrients  
Food fibers, g 1,3 K mg 774 
Water component, g 91,6 Ca, mg 106 
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Ash component, g 1,8 Si, mg 51,2 
Calorie value, kcal 23 Mg mg 82 

The presence of vitamins  Na, mg 24 
A, RE, mcg 750 S mg 28,6 
Beta Carotene, mg 4,5 Ph mg 83 
B1, thiamine, mg 0,1 Cl mg 43,5 
B2, riboflavin, mg 0,25 The presence of digestible carbohydrates  
B4, choline, mg 18 Starch and dextrins, g 0,1 
B5, pantothenic, mg 0,3 Mono- and disaccharides (sugars), g 1,9 
B6, pyridoxine, mg 0,1 Saturated Fatty Acids  
B9, folate, mcg 80 Saturated Fatty Acids, g 0,1 
C, ascorbic, mg 55 Polyunsaturated Fatty Acids  
E mg 2,5 Omega-3 fatty acids, g 0,138 
N, biotin, mcg 0,1 Omega-6 fatty acids, g 0,026 

 
Harvested when 

disposable, less often selective. The spinach leaves are tender and quickly fade, so when manually harvested, the plants 
are pulled out with the root and laid down in the lower boxes or baskets. In large areas for cleaning use harvesting ma-
chines equipped with a transport trolley. 

This vegetable is suitable for use, both raw and after processing. It is used as a salad supplement, pasta, mashed 
potatoes, various dishes are prepared from it, as well as juice, which is industrially used for tinting green peas when 
canning it. 

Thus, the use of spinach premix for the enrichment of food products with dietary, specialized and therapeutic 
properties with a high content of biologically active materials leads to significant social effectiveness. 

The necessary experimental study of filtering a water emulsion spinach suspension in a centrifugal force field 
to determine the functional dependence of the filtrate volume on the duration of the process was carried out on a MLW-
T51 laboratory centrifuge at three speed modes: 1

1 41,8c ; 1
2 104,6c ; 1

3 209,3c  ( . 7). 
To find the resistance of the sediment R  during filtration according to dependence 5, it is necessary to con-

duct an additional empirical study on finding the resistance of the filtering partition R , which can be determined from 
relation 1, where the values included in it are detected empirically. 

2

4
gh dR

V
,                                                                                            (1) 

Here   is the density of the liquid phase, kg / m3; g   acceleration of gravity, m / s2; h   the height of the 
liquid column, m; d   diameter of the filter partition, m;   duration of the experiment, s; V   volume of the ob-
tained filtrate, m3;    

 

 
Fig. 7. An experimental study of the filtration of an aqueous emulsion suspension in a centrifugal force field 

 
The essence of the experiment is to determine the obtained filtrate volume with a fixed column of liquid above 

the filter and for a given duration of the experiment. The experimental setup is shown in Figure 8. In addition, the time 
and speed of gravitational separation can be determined on this setup. 
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A study of the filtration process of an aqueous emulsion suspension in a field of centrifugal forces is necessary 
to determine the resistance of a compressible precipitate of crushed spinach leaves, which, taking into account the con-
stant resistance of the filtering partition, determines the intensity of the process W . 

 
Fig. 8. Installation diagram for determining and the rate of gravitational deposition: 1 - stand; 2 - filtrate; 3 - graduated cylinder;  

4 - filtering partition; 5 - water; 6 - node supply fluid to the installation; 7 - stopwatch; 8 - volumetric scale 
 
The classical kinetic differential filtration equation in general terms is represented by the expression: 

( ) ( )
V P PW

F R R R r h
,                                                                   (2) 

where V   is the filtrate volume, (m3); F   area of the filtering partition, (m2);   the duration of the process, (s);  
 P   pressure difference before and after 

the septum (driving force), (Pa); R   resistance of the filtering partition, (1 / m2); R   sediment resistance, (1 / m);  

r   resistivity per unit height of the sediment layer, (1 / m2); h   sediment height, (m). 
 
The filtrate volume can be found as a function of the duration of the process, i.e.: 

( )V V .                                                                                                (3) 
In this case: 

( )VW
F

.                                                                                             (4) 

The pressure difference before and after the partition can be determined through centrifugal force F , which is 
equal to: 

2F m R , 

where m   is the mass of the dispersed phase (precipitate), kg;   the angular velocity of rotation of the working 
body of the centrifuge, -1; 0,12R    is the radius of the working body of the centrifuge, m 

In this case P , it is equal to: 
2F m R

P
F F

, 

where, given 2: 
1W

P R R
, 

then: 
P R R
W

.                                                                                      (5) 

From equation 5 we can find the value R  
2

( )
m RFPR R R

W V F
. 

The change in the height of the sediment layer h  during the filtering process can be represented as an empir-
ical linear relationship: 
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h a b , 
where ,a b   are the experimental coefficients. 

Then the resistivity of the unit height of the sediment layer will be equal to: 
2

( )
( )

m R R
VRr

a b a b
.                                                                               (6) 

Considering that the experimental data and dependences are due to the rotation speed of the centrifuge working 
body, having conducted a series of experiments at various speeds, we can obtain generalized equations for calculation 
depending on the rotation speed or the corresponding pressure drop for use in engineering calculations of filtering cen-
trifuges. 

Results and discussions. An experimental study of filtering an aqueous emulsion suspension in a centrifugal 
force field to determine the functional dependence of the filtrate volume on the duration of the process was carried out 
on a MLW-T51 laboratory centrifuge at three speed modes 1

1 41,8c ; 1
2 104,6c ; 1

3 209,3c . The results of 
the study are presented in table 2. 

Table 2 
The Change in the volume of the filtrate depending on the time of the process when filtering 2 g of raw materials 

at different angular speeds of the working body of the centrifuge 

141,8 c  
,  0 20 40 60 120 

m  0 0,578 0,738 0,844 0,924 
106 3 0 0,58 0,74 0,84 0,92 

1104,6 c  
,  0 20 40 60 120 

m  0 0,854 0,941 0,985 1,028 
106 3 0 0,85 0,94 0,96 1,03 

1209,3 c  
,  0 20 40 60 120 

m  0 0,904 0,972 1,008 1,046 
106 3 0 0,91 0,97 1,01 1,05 

 
According to the data presented in Table 2, Figure 9 shows the graphical dependences of the change in the fil-

trate volume on the duration of the process at different angular centrifugation velocities, as well as mathematical ap-
proximation curves describing them. 

 

 
Fig. 9. Graphs of changes in the volume of the filtrate during centrifugal separation of the aqueous emulsion suspension  

and their mathematical approximation 
 
The results of the mathematical approximation of the empirical dependences of the change in the filtrate vol-

ume, on the duration of the process, are presented in table 3. 
Table 3 

The result of the mathematical approximation 
Mode Plot 1 Plot 2 

141,8 c  6 6 3 210 7.5 10 0.000975 0.0455V  610 0.0025 0.61V  
1104,6 c  6 5 3 210 1,4375 10 0.0018 0.073V  610 0.0009 0.91V  
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1209,3 c  6 5 3 210 1,729 10 0.0021 0.08058V  610 0.0007 0.97V  

 
An analysis of the graphical dependencies shows that the filtration process takes place in two conditional 

zones, in the first of which almost the entire filtrate is separated, and after the inflection point the filtration rate drops 
sharply. As a result of this, it can be concluded that in order to avoid unjustified energy costs, it is advisable to complete 
the process after passing through the first zone, because the proportion of filtrate in the second zone with respect to its 
total volume is negligible. In addition, the value of the angular velocity of the working body equal to 105 -1. is rational. 
Exceeding this value, for example, 200 -1, does not lead to a noticeable increase in the intensity of the process, and a 
decrease in it leads to a significant decrease in the filtration rate. Thus, for the rational values of the influencing parame-
ters, one can take: 1105p and 30  (curve 2 in Figure 9). 

In this case, the intensity of the filtration process at 1105p , according to the obtained ratio of 4, will have 
the form: 

11 3 8 2 7( ) 1 (1.4375 10 0.18 10 0.73 10 )VW
F F

, 

11 2 8 74.3125 10 0.36 10 0.73 10W
F

, 

where the area of the filter partition in the experimental setup is equal to: 
3 2

6 23.14 (13.5 10 ) 143.07 10 ( )
4

F , 

then the dependence of the intensity of the process on time will have the form: 
6 2 4 30.3 10 0.25 10 0.51 10W . 

The pressure difference before and after the partition P , which can be determined through centrifugal force 
F , is: 

2 2
4

6
0.002 105 0.12 1.85 10 ( )

143.07 10
F m R

P
F F

. 

To find the resistance of the sediment R according to dependence 5, it is necessary to know the resistance of 
the filtering partition, R , which was determined from the ratio 1, where the values included in it were determined ex-
perimentally. The values obtained during the experiment at five replicates are summarized in table 4. 

Table 4 
Values obtained during empirical studies for calculation R . 

Liquid column 
height h , m 

Filter diameter d , 
m 

Experiment duration , s 
Filtrate volume 

V , m3 
The density of the 
liquid , kg / m3 

 
Dynamic viscosity of the 

liquid ,  
0,063 0,04 63 0,000016 1000 0,001 

 
By substituting the experimentally obtained data in a ratio of 1, the value of the resistance of the filtering parti-

tion is obtained: 
2

91000 10 0,063 3,14 0,04 63 3,12 10 (1/ )
4 0,000016 0,001

R . 

Thus, from equation 5, knowing the quantity R , we can find the quantity R : 
10

9
2
1,85 10

3,12 10
0,0003 0,025 0,51

PR R
W

, 

14 2 12 11 1 9(1,62 10 1,35 10 2,76 10 ) 3,12 10R . 
The change in the height of the sediment layer h during the filtering process can be represented as an empir-

ical linear dependence, due to the small range of changes in the sediment layer and the short time interval of the pro-
cess: 

0,00017 0,032h . 
Then the resistivity of the unit height of the sediment layer, depending on time, according to 6 will be equal to: 

14 2 12 11 1 9(1,62 10 1,35 10 2,76 10 ) 3,12 10
0,00017 0,032

r . 
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The resulting equation makes it possible to calculate the specific resistance of the sludge at any value of the 
current process time, as well as to calculate the specific productivity of a real industrial filtering unit for chopped spin-
ach, taking into account the driving force and resistance of the filtering partition in it, using the basic kinetic equation 2. 

Conclusion. Thus, when considering the main stage of preparing chopped spinach leaves for extraction of 
chlorophyll, namely, mechanical removal of moisture from the obtained precipitate, which is formed as a result of par-
tial separation of the emulsion after the soaking stage, it was possible to calculate the specific resistance of the precipi-
tate at any value of the current process time. Moreover, using the materials presented in the article, it is possible to cal-
culate the specific productivity of a real industrial filtering unit for chopped spinach, taking into account the driving 
force and resistance of the filtering partition in it. 

Of interest is the calculation method presented in the article, according to which, using the obtained experi-
mental data and the dependences due to the rotation speed of the centrifuge working body, after conducting a series of 
experiments at different speeds, it is possible to obtain generalized equations for calculating the specific resistance of 
the sediment depending on the angular velocity or on the corresponding differential pressure for use in engineering cal-
culations of filtering centrifuges. 
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