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Abstract 
Jerusalem artichoke (Helianthus tuberosus L.), a kind of sunflower, is widely cultivated the vegetable plant 

in Europe. Numerous studies have focused on its beneficial health and antioxidant properties. Waste 

products from artichoke – stems and leaves, represent about 80% of the biomass and can be valorized by 

using as a raw material for the extracts production. The target components for the extraction are the 

compounds with high antioxidant activity – polyphenols and flavonoids. The extracts can be used for 

functional food additives, pharmaceutical and cosmetic applications. Usually before extraction the plant 

samples are treated by grinding and air-drying. Grinding and drying of artichoke stems are necessary stages 

for further extraction process considering its large dimensions (from two to three meters high) and high 

humidity (about 60%). The presence of moisture in the cells of the plant tissue blocks access to the removed 

substances, lowering the efficiency of extraction in general. Drying method has a great influence on the 

quality of raw materials. By the plant materials drying we change the physiological state of the cell wall, 

making it more permeable to the diffusion of biologically active substances. Modern dryers are energy 

intensive, large and require the installation of treatment equipment. All these facts correspondingly increase 

the cost of the finished product. To implement the process of drying, we propose the filtration method 

which can reduce power inputs on production lines. Filtration drying method is energy-efficient, 

environmentally friendly, and economically viable for drying a wide range of disperse materials including 

plant origin. Therefore, it is necessary to identify the optimal parameters for realization of artichoke wastes 

filtration drying to reduce energy costs in the production line of extracts. The effect of different parameters 

on kinetic and drying rates during the filtration drying of the grinded artichoke stems has been investigated. 

On the basis of summarizing results, optimal parameters for the filtration drying of artichoke stems have 

been determined in view of reducing energy costs for drying and obtaining high quality raw material for 

extraction of bioactive compounds. 

 

Practical applications 

The technological scheme of the extracts production from grinded artichoke stems has been developed. In 

this technological scheme the filtration method was used for the drying of the raw material. The dryer works 

according to the optimal process parameters and the optimal layer of the material. The technological scheme 

gives us possibility to produce economically and globally competitive quality extracts from artichoke stems. 

The extracts can be used for functional food additives or for pharmaceutical and cosmetic applications. 
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Introduction 

Stems of Jerusalem artichoke (Helianthus tuberosus 

L.) can be successfully used as a raw material for 

extraction processes to obtain bioactive compounds 

with high antioxidant activity – polyphenols and 

flavonoids. The extracts can be used for functional 

food additives, pharmaceutical and cosmetic 

applications (Nóbrega et al., 2015). Fresh artichoke 

stems contain a high level of moisture and there is the 

humidity about 60% that’s why the drying must be 

accomplished as soon as possible after harvesting first 

of all because of the big risk of microbiological 

activity. As consequence of drying, there is a 

reduction of the weight and volume of the material 

that has a positive effect for transportation and storage 

as well as for the preparation for other industrial 

processes, especially extraction. Drying is a main 

manufacturing process in the production chain of 

extracts. By the plant materials drying we are able to 

change the physiological state of the cell wall, making 

it more permeable to the diffusion of biologically 

active substances increasing the efficiency of 

extraction in general. 
Energy demand of drying represents a significant cost 

factor, especially with the increased price of fossil 

fuels. Drying processes are one of the most energy-

intensive unit operations in the production lines of 

extracts and they represent from 30% up to 50% of the 

total costs (Qaas et al., 2001). Most dryers are energy 

intensive, large and require the installation of 

treatment equipment (Atamanyuk & Gumnytsky, 

2013). All these facts correspondingly increase the 

cost of the finished product that’s why to implement 

the process of drying is an important task. Since the 

cost of drying is a significant part of the extracts 

production cost, improving efficiency or finding of 

alternative drying routes is essential. To implement 

the process of drying, we propose the filtration 

method which can reduce power inputs in production 

lines without affecting product quality. The 

development of filtration drying equipment is a fairly 

promising direction. Drying conditions have 

significant influences on quality of the plant material, 

especially on stability of bioactive compounds 

(Nguyen et al., 2015). Therefore it is necessary to 

know the optimal values of the process parameters in 

order to obtain the required quality characteristics of 

the plant material and decreasing of the energy 

consumption. 

 

Materials and Methods 

Raw material 

Jerusalem artichoke (Helianthus tuberosus L.) 

purchased from a local agricultural ground in Lviv 

region, Ukraine. Leaves have been separated from the 

stems. Stems of artichoke grinded to particles from 

0.08 to >5.0mm. Results of the study size distribution 

of raw material are presented in Table 1. 

Grinded stems (particles from 0.08 up to >5.0mm) of 

Jerusalem artichoke have been used as a raw material 

for the drying experiments. We avoided operation 

with very fine powder-like particles, which can create 

practical problems as high hydraulic resistance during 

filtration drying as well as difficult filtration of 

extracts. Each particle of the grinded stems has been 

tested as a system formed by a great number of cells 

with intracellular space both filled by liquid. The 

presented material had an initial moisture content of 

0.67kg Н
2
О kg-1 d.m. 

 

Stage of experiment 

The study of kinetics and drying rate peculiarities 

during filtration drying of grinded stems  

Grinded stems of Jerusalem artichoke have been dried 

using the filtration drying method. A set of 

experiments has been conducted using a laboratory 

filtration dryer to study kinetics and drying rate 

peculiarities (Kindzera et al., 2016). Before starting 

each experiment, the dryer has been turned on for 

20min in order to achieve desirable steady-state 

conditions. Studies carried out at different 

temperatures (from 313 to 373K) of the heat agent. 

Hot-air drying could be the cause of thermal damages 

and also could severely modify the physical and 

chemical characteristics of the raw material. Drying 

of grinded stems at high temperature might be 

unacceptable for some of the bioactive ingredients in 

view of their eventual thermal destruction, that`s why 

we have performed experiments at lower 

temperatures. Studies have also been carried out at 

different velocities (from 0.66 to 1.68m.s-1) of heat 

agent as well as different heights of the material (from 

0.03 to 0.16m). A container with a sample has been 

placed into a drying installation. The heat agent has 

been filtered through the sample layer. The 

experiments have been carried out till the material 

weight become constant. 
 

The study the diffusion processes occurred during 

filtration drying 
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The diffusion process occurred during rough-stalked 

raw materials drying by filtration has its own 

peculiarities and regularities provided by a complex 

structure of the materials, interaction between their 

skeleton and water, shapes and sizes of the pores, 

capillaries and particles. To study the diffusion 

processes occurred during filtration drying of grinded 

stems of Jerusalem artichoke the layer with the height 

H = 40R has been formed (R – the defining size of 

prism-shaped particle) (Hosovkiy et al., 2016). A 

container with a sample has been placed into a drying 

installation. The heat agent with the temperatures of 

293, 316, 333, 353 and 373K has been filtered through 

the sample layer. The heat agent’s flow rate was 

constant. The experiments carried out till the material 

weight became constant. 

 

Methods of analysis 

During the experiments, the temperature has been 

controlled by the thermo-regulator RT-0102 

(accuracy  0.5K). The sample weight measured 

using the electronic scales Axis AD3000 (accuracy  

0.01g). Tests replicated for three times to obtain a 

reasonable average. 

 

Results and Discussion 

Laboratory filtration drying process analyses should 

ensure enough data which are necessary for setting of 

the optimal drying regime.  

Drying kinetic curves have been plotted under the 

experimental conditions. The kinetic peculiarities of 

grinded artichoke stems during the filtration drying at 

four temperatures of heat agent are shown in Fig. 2. 

At the beginning of the filtration drying process, the 

grinded artichoke stems have had an initial moisture 

content of 0.67kg water.kg-1 dry material. It is 

apparent that moisture content decreases continuously 

with drying time.  

In order to find optimal drying regime it was 

necessary to understand mechanism of the filtration 

drying. The kinetic curves show the zone mechanism 

of the filtration drying. A critical point (b) divides the 

drying kinetics into the two main drying periods – 

complete (lines a-b) and partial (lines b-c) saturation 

of the heat agent by moisture. Long period of the 

partial saturation of the heat agent by moisture 

indicates the proceeding of diffusion processes in the 

material particles which define the time of filtration 

drying. As it is seen, the higher temperature intensifies 

the drying process. The heat agent temperature 

increasing leads to the higher temperature inside the 

particles and higher saturation vapor pressure over the 

liquid surface, thus intensifies the diffusion processes. 

During filtration drying the moisture transfer is 

defined by regularities of both external and pore 

diffusion. Since about fifteen types of mass and heat 

transfer participate in pore diffusion process, the latter 

one is more complicated and prolonged in comparison 

with external diffusion process. Therefore 

determination of the effective diffusion coefficient 

Dw* is essential for a credible description of the mass 

transfer process. The effective diffusion coefficient 

totally takes into account all kinds of moisture 

diffusions. 

The value of effective diffusion coefficient depends 

on the heat agent temperature. The graphic 

dependence of the effective diffusion coefficients Dw
* 

from the heat agent temperatures Dw* = f(Т) is plotted 

on the basis of experimental results (Fig. 3). 

The estimated dependence of the effective diffusion 

coefficient on the heat agent temperature was 

approximated by equation:  

                                                                        (1) 

The deduced equation allows to calculate 

theoretically the effective diffusion coefficient for the 

grinded stems of artichoke within temperature range 

of 293-373K. Maximal relative error between 

experimental and theoretical values of effective 

diffusion coefficient (according to the deduced 

equation) does not exceed 10.5%, which is acceptable 

for practical application. By using the same methods, 

the effective diffusion coefficients for grinded 

sunflower stems, which can be used for solid biofuel 

production, were found before (Hosovkiy et al., 

2016). The graphic dependences Dw* = f(τ) is plotted 

on the basis of experimental results (Fig. 3). Equation 

for calculation the effective diffusion coefficient 

within the same temperature range has been deduced: 

 (2) 

Maximal relative error between experimental and 

theoretical values of effective diffusion coefficient 

does not exceed 6.3%. 

On analyzing graphic dependencies (Fig. 3) it can be 

seen that by increasing the heat agent temperature, the 

value of the effective diffusion coefficient also 

increases up to 16.10-8m2.s-1 for grinded artichoke 

stems and 14.10-8 m2.s-1 for grinded sunflower stems. 

The difference in results can be explain by the 

differences between the structures of the artichoke 

and sunflower stems and by the difference in the 

structures of the layers formed by grinded stems. The 

proximity of results indicates the similarity of 

diffusion processes laws for both materials. The 

effective diffusion coefficient determination gives an 

)293(1045.1 9293   TDD w

t

w

)293(106.1 9293   TDD w

T

w
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opportunity to describe the process of mass transfer 

according to the Fick's laws. 

Optimal parameters for the filtration drying of 

artichoke stems have been determined (height of the 

material 0.12m; temperature of heat agent 353К; 

velocity of heat agent 1,34m2.s-1) in view of reducing 

energy costs and obtaining high quality raw material 

for extraction bioactive compounds.  

 

Conclusions 

The influences of temperatures (from 313 to 373K) 

and velocities (from 0.66 up to 1.68m2.s-1) of heat 

agent as well as heights of the material (from 0.03 up 

to 0.16m) on kinetics during the filtration drying of 

the grinded artichoke stems have been investigated 

and the optimal parame-ters for the process 

implementation identified: height of the material 

0.12m; velocity of heat agent 1.34m2.s-1. For the 

preservation of active ingredients of plant material, 

low drying tempe-rature of the heat agent 353К 

recommended. 

The temperature effect on the effective diffusion 

coefficient has been examined. Dependence of the 

effective diffusion coefficient on the heat agent 

temperature approximated by the equation: 

)293(106.1 9293   TDD w

T

w
 and it is valid only 

for the investigated material which is characterized by 

internal structure of the particles with th 

 

eir porosity, sizes and shapes.  

The technological scheme of the extracts production 

from grinded artichoke stems has been developed. In 

this technological scheme the filtration method was 

used for the drying of the raw material. The dryer 

works according to the optimal process parameters 

and the optimal layer of the material. 
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Figure 1. The technological scheme of the extracts production from grinded artichoke stems. 
1 – container; 2 – conveyor; 3 – hammer crusher; 4 – separator; 5 – dosimeter; 6  – filtration dryer;  7 – storage bin; 

8 – dosimeter; 9 – belt extractor; 10 – heat exchanger; 11 – press; 12 – pump; 13 – sediment bowl; 14 – filter; 

15 – technological bins for extract; 16 – reactor. 

 

 

 

 

Table 1. Particle size of grinded artichoke stems 

Particle size, 

mm  
0.08…0.16 0.16…0.315 0.315…0.63 0.63…1.25 1.25…2.50 2.50…5.00 >5.00 

Fraction 

content, % 
3.00 12.40 14.40 33.60 7.30 26.80 2.50 
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Figure 2. Kinetic peculiarities for velocity 1.66 m.s-1 and height of the material 0.09 m 

at different temperatures of heat agent:  – 313 К;  – 333 К;  – 353 К;  –373 К. 
 

 

 
 

 

Figure 3. Dependence of the effective diffusion coefficients Dw
* from the heat agent temperatures for: 

 – grinded sunflower stems;  – grinded artichoke stems. 
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