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Effectiveness of hand disinfection using commercial  

antibacterial wipes 

 

Dorota Gendaszewska 1*, Katarzyna Miśkiewicz 1, Katarzyna Zacharska 1 

1 Lukasiewicz Research Network - Lodz Institute of Technology, Lodz, Poland 

Abstract  

This paper investigated the effectiveness of hand disinfection with commercial biocidal wipes using 

RODAC contact plates. The highest level of bacterial reduction (100%) was obtained for W1 wipes 

- saturated with propanol, among others. A slightly lower, but also high level of reduction at an 

average of 95.5% was obtained for W3 wipes containing only ethyl alcohol. For the W2 wipes 

without added alcohol, the bacterial reduction rate averaged 54%. Similar results were obtained for 

fungi: the highest degree of reduction was achieved for W1 and W3 wipes (100%), the lowest for 

W2 (average 67.5%). Wipes with alcohol enriched with other active substances showed the strongest 

antimicrobial activity. No pathogenic microorganisms were found in any of the samples tested. 

Keywords: disinfection, hand cleanliness, antimicrobial wipes, RODAC contact plates 

 

1. Introduction 

 Disinfection is the destruction of pathogenic microorganisms and their spore 

forms in a defined external environment to prevent their spread. It’s essential in 

order to prevent the transmission of diseases and infections and prevent unwanted 

microbial contamination. For disinfection, physical agents such as high 

temperature, sunlight, ultraviolet radiation or chemical agents, i.e. preparations with 

an active substance, are used [1]. The combination of these methods is referred to 

as a chemical-thermal process because an increased temperature accelerates the 
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reactions taking place [2,3]. The disinfection process uses several chemical 

compounds that significantly combat human-threatening bacteria, viruses and 

fungi. The group of compounds used in this process includes phenolic compounds, 

chlorine compounds, aldehydes, peroxy compounds, alcohols and surfactants, 

including quaternary ammonium compounds [3].  

 Phenol-type compounds are effective against bacteria, fungi and viruses, but 

have no effect on spore forms. Furthermore, they are unsuitable for disinfecting 

skin, medical equipment or food-related surfaces due to their toxicity and low 

biodegradability. Chlorine compounds are also effective against many pathogens 

but can corrode materials such as plastics and metal. Peroxide compounds have a 

similar effect; they show antibacterial and antifungal activity but can accelerate 

corrosion of metallic surface components. Aldehydes are employed for disinfection 

and sterilisation due to their comprehensive action spectrum, although they are also 

toxic and can cause irritant reactions. The most utilised substances for disinfection 

are alcohol (e.g. ethanol, isopropanol). These compounds are effective, although 

their efficacy is reduced when diluted with water. Quaternary ammonium 

compounds, also known as QACs, are effective against bacteria, fungi, and viruses 

but have no effect on spores [3]. 

 Sterilization and disinfection of microorganisms have been extensively studied 

in order to address the problem of environmental contamination, which is a crucial 

issue for public health and economics [4]. For disinfectants three basic mechanisms 

of action are known, which depend on the chemical structure of the active 

substance. The first mechanism of action of disinfectants may involve damage to 

the cytoplasmic membranes of microorganisms by altering protein-lipid structures 

or by lowering surface tension, or by protein denaturation. Alcohol, aldehydes and 

phenols act in this way. The second mechanism of action is through inhibition of 

enzyme secretion by denaturation or by blocking active centers, e.g. thiol groups. 

Oxidizing agents, silver and mercury compounds act in this way. Sulphonamides 

and 5 - nitrofuran derivatives, on the other hand, react with the nucleic acids of 
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microorganisms, leading to their destruction [5,6]. Regardless of the mechanism of 

action, a good disinfectant should be disinfected effectively in a short time, have a 

broad spectrum of action, be well tolerated by skin, mucous membranes and 

wounds, and be non-sensitizing and non-toxic. It should have a long shelf life and 

be biodegradable. Finally, it should not have an irritating odour [7]. 

 The aim of this study was to test three types of antimicrobial wipes for their 

effectiveness in disinfecting the hand surfaces of office workers. Many studies 

show that frequently touched surfaces at a workplace such as computer keyboard, 

computer mouse, door handle and mobile phone touchscreens are excellent 

examples of places harboring various microorganisms, possibly also harmful to 

human health [8,9]. By frequently touching these types of surfaces, in the absence 

of proper hygiene, there is a risk of transferring these microorganisms to workers' 

hands. Therefore, which wipes are more effective for disinfection is discussed in 

this article. 

2. Materials and Methods 

2.1. Materials  

 To achieve the outlined objective of the work, commercially available 

antibacterial wipes were purchased for both hand and surface disinfection. Table 1 

provides a brief description of the physical and chemical characteristics of the 

products tested. RODAC plates (BioMaxima S.A., Poland) were used for all tests. 

These contact plates allow surface sampling of bacteria (plates with composition: 

TSA IRR LAB-AGAR™ + Letheen + Tween) and fungi (plates with composition: 

Sabouraud Dextrose with chloramphenicol IRR LAB-AGAR™ + Letheen + 

Tween) growing on the agar medium. In addition, RapIDTM STAPH PLUS System 

(Argenta S.A., Poland) were used to identify bacterial colonies of Staphylococcus 

spp. grown on the plates.  
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Tab. 1. Physical and chemical characteristics of the wipes tested. 

Code Name Active compounds Type Odour 

W1 

Wipes for hand and 

surface disinfection, 

including surfaces of 

medical devices 

Propane-2-ol, d-gluconic acid, 

compound with N,N‘’bis-(4-

chlorophenyl)-3,12 dimino 2,4,11,13-

tetraazatetradecanediamidine (2:1) 

contains 

alcohols 
Cashmere 

W2 

Alcohol-free wipes 

for cleaning and rapid 

disinfection of 

surfaces 

N-(3-aminopropyl)-N-

dodecylpropane-1,3-diamine, Poly 

(oxy-1,2-ethanediol), .alpha.-[2-

didecylmethylamine)ethyl]-.omega.-

hydroxy-,propanoate (salt). 

without 

alcohols 

No 

irritating 

odour 

W3 

Alcohol wipes for 

cleaning and 

disinfecting small 

surfaces and medical 

equipment 

Ethanol, propan-2-ol 
contains 

alcohols 
Tea tonic 

2.2. Methods 

 Hand cleanliness tests were carried out on all the workers tested, both before and 

after hand disinfection, and the degree of reduction was determined from the results. 

All three products (W1, W2, W3) are readily available to consumers, but have 

different characteristics (Table 1). The RODAC tests were selected for testing as 

they are a rapid and effective method for the control of microbial contamination of 

workers' hands [11]. The six volunteers were asked to contaminate their hands by 

touching typical everyday surfaces (i.e. handrails, door handles, computer mouse 

and keyboard) with both hands prior to testing. Next, in the microbiology 

laboratory, a samples of each subject's inner part from both hand was taken with 

RODAC contact test with TSA (Tryptic Soy Agar) for total bacterial count and 

RODAC contact test with SDA (Sabouraud Dextrose Agar) for total fungal count. 

Each volunteer tested each type of wipe in triplicate. There were no significant 

differences in age distribution (38-45 years) between the three groups. After 

applying the wipes and waiting until the hands were completely dry, samples were 

taken from both hands of each subject using the same type of RODAC contact test 

as before. The RODAC plate samples containing SDA substrate were incubated 

aerobically at 25±1°C for five to seven days (test for fungi) while RODAC 
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containing TSA substrate were incubated aerobically at 36±1°C for one to two days 

(test for bacteria). Total colony-forming units (CFU) were manually counted for 

each plate after incubation (Figure 1). In cases where the number of microbial 

colonies was too high to be counted, a value of 150 CFU was used [10]. All the 

assays were assessed in triplicate, and the results were expressed as mean ± SD 

values of the three sets of observations (P < 0.05). The mean values and standard 

deviation were calculated using the EXCEL program from Microsoft 365 package. 

Finally, the grown colonies were identified using RapIDTM STAPH PLUS System 

(Remel, Poland). Gram staining was performed to check which morphological 

forms were present in the contacts studied and to which type of bacteria in terms of 

cell wall structure they belong, i.e. whether Gram-positive or Gram-negative 

microorganisms. Macroscopic and microscopic observations were also made to 

confirm the presence of moulds and to qualify for certain genera of fungi. No 

additional dermatological or other clinical data were collected.  

3. Results and Discussion 

 Figure 1 shows a RODAC agar plate with samples collected from personnel's 

hands before cleaning, after five days of incubation. Additionally, a microscopic 

image of Gram-positive bacilli isolated from RODAC plates after two days of 

incubation is provided, confirming microbiological contamination of the workers' 

hands. Effective cleaning and disinfection can help prevent the spread of 

microorganisms responsible for various diseases, especially among high-risk 

groups [12]. 
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Fig. 1. Replicate Organism Detection and Counting (RODAC) agar plate, which was sampled 

from a hand at the middle of the workday before cleaning a) fungal culture b) microscopic image 

of isolated bacteria- Gram positive spore-forming bacilli, zoom 1000x  

(Delta Optical ProteOne, no. cat. DO-3800). 

 The results are shown in Table 2 and 3. When the alcohol wipes W1 and W3 

were used, the level of microbial reduction was on a similar high level, ranged 100% 

for W1 and 95,5% for W3. However, when the alcohol-free wipes were used (W2), 

the bacterial reduction values were lower at 54% (Table 2).  

 

Tab. 2. Effectiveness of disinfectant wipes in removing microorganisms (bacteria) from hands. 

Code of sample 
Mean % reduction ± SD (mean CFU/RODAC pre- and postcleaning) [%] 

1 2 3 4 5 6 

W1 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 

W2 54.0±4.9 62.0±6.5 48.2±8.0 54.0±8.2 46.4±5.3 61.5±9.4 

W3 96.0±3.3 90.5±3.7 100.0±0.0 96.0±4.5 94.0±4.9 96.5±2.9 

± means standard deviation for n=6 

 

It means that the greatest reduction in bacteria was observed for disinfection with 

wipes containing alcohol and another active substance (W1), slightly lower efficacy 

was observed for disinfection with wipes with alcohol alone (W3), and the lowest 

antimicrobial efficacy was observed for disinfection with wipes without alcohol 

(W2). Similar observations were made by Butz et al. (2013). They proved that 

repeated washing with alcohol-soaked wipes results in a reduction of bacterial 

colonies comparable to non-medicated soap, sufficient to prevent hand transmission 

of pathogens. They concluded that alcohol-soaked wipes are an acceptable 
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alternative to washing hands with soap and water in healthcare facilities [13]. 

 Biochemical testing of some grown isolates on RODAC plates from TSA 

revealed the presence of the following staphylococcal species: Staphyloccocus 

auricularis (the probability of occurrence of this species in the ERIC™ Software 

of numerical codes for the RapID™ STAPH PLUS System test, Remel was 

>99.9%), S. cohnii ssp. cohnii (97.05% - ERIC™ Software for RapID™ STAPH 

PLUS System test, Remel), S. saprophyticus (97.71% - ERIC™ Software for 

RapID™ STAPH PLUS System test, Remel) and S. hyicus (>99.9% - ERIC™ 

Software for RapID™ STAPH PLUS System test, Remel). The species very 

commonly lives on human skin. For example, S. auricularis was originally isolated 

from the exterior of a human ear, S. saprophyticus causing opportunistic infections, 

clinical isolates of S. cohnii ss. cohnii have shown high levels of antibiotic 

resistance. All of them may be able to cause bacteremia or sepsis [14]. Among the 

other types of bacteria isolated from the hands of the personnel examined, the 

Gram-positive spore-forming bacilli observed in many Gram-stained microscope 

slides should be mentioned first and foremost (Figure 1). The genus is commonly 

found in both natural and laboratory environments. Bacillus spp. develop numerous 

spores resistant to adverse environmental conditions, but also to many disinfectants. 

Infection with this type of bacteria spreads rapidly in the laboratory environment 

and is very difficult to eradicate [15]. No other morphological types of bacteria were 

observed. 

 Macroscopic and microscopic observations of isolated colonies from RODAC 

plates with SDA confirmed the presence of moulds belonging to the genera 

Aspergillus and Penicillium, which are the dominant group of fungal airspores 

worldwide. However, the concentration of fungi on the hand surface varied in the 

pre-cleaning group. Results for the pre-cleaning group ranged from 0 to 15 

CFU/plate. No growth of fungal colonies was observed in the group after 

disinfection with W1 and W3 wipes, resulting in a 100% reduction of fungi (Table 

3). 
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Tab. 3. Effectiveness of disinfectant wipes in removing microorganisms (fungi) from hands. 

Code of sample 
Mean % reduction ± SD (mean CFU/RODAC pre- and postcleaning) [%] 

1 2 3 4 5 6 

W1 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 

W2 50.0±4.8 60.0±6.5 86.0±3.3 75.0±4.1 55.0±12.2 67.5±2.0 

W3 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 

 

For W2 the reduction was only 67.5%. This means that the alcohols in the W1 and 

W3 wipes, including isopropyl alcohol, are highly effective against fungi that 

colonise staff hands. Studies by Thaddeus et al. (2018) confirmed the efficacy of 

isopropyl alcohol against C. albicans and A. niger. In the concentration range of 

60%-100%, isopropyl alcohol inhibited more fungal organisms than ethanol, 

although the diameters of the zones of inhibition it produced were not statistically 

different from those of ethanol [16]. The results of Nnagbo et al. (2024) showed 

that only one of the four alcohol-based hand sanitizers tested inhibited the growth 

of all tested organisms. It was both bactericidal against E. coli, S. aureus, K. 

pneumoniae and fungicidal against C. albicans and A. flavus at the highest 

concentration (100mg/ml) [17]. This shows how important it is to reliably inform 

customers about the effects of a given preparation, to effectively protect their health.  

4. Conclusions 

This paper investigates the effectiveness of hand disinfection using 

commercially available biocidal wipes. The study used RODAC contact plates, 

tests used for rapid diagnosis of microbial contamination. The greatest reduction in 

bacteria was observed for disinfection with wipes containing alcohol and another 

active ingredient (W1), slightly lower efficacy was observed for disinfection with 

wipes containing alcohol alone (W3), and the lowest antimicrobial efficacy was 

observed for disinfection with wipes without alcohol (W2). Similar results were 

observed for fungi, with W1 and W3 wipes achieving a complete reduction in 

fungal growth and W2 only 67.5%. The study showed that wipes with a richer 
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composition of isopropyl alcohol and other active ingredients had an overall 

stronger antimicrobial effect than other wipes tested. The study described in this 

paper highlights the importance of hand hygiene and disinfection in preventing the 

spread of disease in our environment. 

The research work was carried out within the project: "Łukasiewicz dla dzieci – 

zajęcia edukacyjne i warsztaty" financed by the National Science Centre 

(NdS/547246/2022/2022).  
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Comparison of rheological properties of molasses  

from different sugar factories 

 

 

Magdalena Orczykowska*, Andrzej Obraniak 

Lodz University of Technology, Faculty of Process and Environmental Engineering, Lodz, Poland 

Abstract  

The paper presents a comparison of the rheological properties of raw molasses, which is a by-product 

in the food sugar production process, using the Ostwald de Waele power law model. For the analysis 

of rheological properties, molasses from a sugar factory in Bač (Serbia), a sugar factory in Elaziğ 

(Turkey) and a sugar factory in Glinojeck (Poland) were selected. This analysis was carried out in 

the temperature range from 400C to 600C. 

 

Keywords: sugar beet, molasses, viscosity, power law model 

 

 

1. Introduction 

Molasses is a dark brown, thick and sweet syrup that is produced as a by-product 

during the production of table sugar. It contains about 20% water, 8% inorganic 

substances, 72% sugar and non-sugar organic substances such as organic acids, 

lipids and inorganic salts, invert sugar, high molecular weight macromolecules 

(starch, cellulose, hemicellulose, lignin, pectin, tannin) [1-3]. Depending on the raw 

material from which sugar is produced, beet, cane and carob molasses are 

distinguished [1]. Molasses is increasingly obtained from grapes [4], as well as from 

dates or apricots [5]. 

 

* corresponding author e-mail: magdalena.orczykowska@p.lodz.pl  
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However, it is sugar beet, after sugar cane, that is the most important industrial 

plant used for sugar production in the world Fig. 1.  

 

 

Fig. 1. World sugar balance [6]. 

 

Beet sugar is produced from the roots of sugar beets – wedge-shaped, white 

tubers. Beetroots collected from the field are cleaned of soil residues and other 

impurities. After washing the tubers, the beets are cut into small pieces. Small 

pieces of sugar beets go to a device called a diffuser, which, thanks to water at an 

elevated temperature of 75-850C, leaches sugar. This process allows you to obtain 

sweetened slivers and beetroot juice, which can contain up to 15% sugar. The juice 

obtained in this way is sent to further stages of production. The liquid is subjected 

to filtration and refining processes. Then the purified beetroot juice is boiled and 

evaporated several times. The last stage of sugar production is centrifuging the 

juice, which allows for the production of sugar crystals – Fig. 2. However, in 

addition to sugar crystals, a by-product is created in the form of molasses. It 

contains 40-50% sucrose, which cannot be converted into crystals. Therefore, 
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molasses is used in the food industry as a sugar substitute. It can be used to produce 

alcohol, bakery or feed yeast, but also to produce glycerin and organic acids (citric 

and oxalic). It is also a rich source of non-heme iron, and betaine can also be isolated 

from molasses, which improves the blood lipid profile and supports fat metabolism 

in the liver [7]. 

We should also not forget about the antioxidant properties of molasses, which 

are the pigments that give it its dark brown color. Antioxidant properties mean that 

molasses has anti-inflammatory, antibacterial and anticancer effects, supports the 

immune system, and reduces the risk of circulatory system diseases. Comparative 

studies of the antioxidant properties of honey and molasses have shown that 

molasses has them 60 times greater (in the case of beet molasses) and 200 times 

greater (in the case of cane molasses) than honey [9-12]. 

It is worth adding here that the entire sugar beet plant is a source of bioactive 

molecules with a potential cardioprotective and vascular role. 

.  

Fig. 2. Beet sugar production process [8]. 
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Betaine and B vitamins from the leaves and crown are involved in homocysteine 

detoxification and NO synthesis, respectively. Nitrates, betalains and phenolic 

compounds from the beet pulp, and its byproduct molasses, are involved in NO 

bioavailability, glycemic control and reduction of oxidative stress and 

inflammation. In addition, fibers from different parts of the plant have 

hypoglycemic and cholesterol-lowering effects – Fig. 3. 

Due to the wide range of uses of molasses, knowledge of its flow behavior is 

useful in engineering applications related to the proper design and operation of units 

and can also help in understanding its transport processes. The rheological 

properties of molasses are therefore an important factor influencing the 

performance of various sugar production and refining processes such as cooking, 

crystallization, centrifugal separation and pumping. 

 

Fig. 3. Sugar beet bioactive compounds and their cardio- and vasculoprotective actions [13]. 

 

Moreover, knowledge of the rheological properties of molasses is important 

because it provides us with information about its physical properties and helps in 
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understanding the mechanisms underlying momentum and heat transfer. In the feed 

industry - molasses is also an additive to animal feeds e.g. horses - viscosity is one 

of the most important parameters required in the process design for mixing feed and 

molasses [14]. 

Therefore, the aim of the presented work is to assess the rheological properties 

of molasses obtained as a by-product during the production of table sugar in one of 

the Polish sugar factories and to compare its properties with the properties of 

molasses from foreign sugar factories. 

2. Materials and Methods 

The research material was molasses, a waste product from the production of table 

sugar in the Polish sugar factory in Glinojeck – Fig. 4. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Molasses from the Polish sugar factory in Glinojeck in powder and liquid form  

[own materials]. 

 

The rheological properties of the raw molasses sample were determined using a 

Physica MCR 301 rotational rheometer from Anton Paar in a cone-plate measuring 

system with a cone diameter of 50mm, an inclination angle of 10 and a distance 

between the measuring elements, i.e. the cone and the plate, of 0.048mm. 
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Rheological tests were carried out consisting in measuring the viscous properties of 

the obtained raw molasses sample in the shear rate range from 1 to 100s-1, i.e. in the 

range of two logarithmic decades, taking 8 measurement points for each decade of 

shear rate. The tests were carried out in the temperature range from 400C to 600C, 

taking measurements every 50C. 

A sample of the obtained raw molasses was placed in the measuring system of 

the rotational rheometer and left at rest for 30 minutes at a constant temperature to 

achieve thermal and mechanical equilibrium. 

To describe the flow and viscosity curves obtained from rheometric 

measurements, the Ostwald de Waele power law model of the form [15] was used: 

 

𝜏 = 𝑘 ∙ 𝛾𝑛    (1) 

 

𝜂 = 𝑘 ∙ 𝛾𝑛−1    (2) 

 

where the rheological parameters of this model are:  

n – the flow behavior index, [-],  

k – the flow consistency index, [Pa·sn] 

Mathematical analysis concerning the determination of rheological parameters 

of the Ostwald de Waele model was carried out using nonlinear regression methods 

from Excel. One of the tools of this program, namely the Solver add-on, was used 

to solve the mathematical modeling task, i.e. to find such parameters of the 

mathematical model that would best describe the tested raw molasses sample. 

In order to assess the correctness of the description of experimental data using 

the Ostwald de Waele model equation, a statistical assessment of the fit of the model 

curves to the experimental curves was carried out, related to the value of the shear 

stress  obtained directly from rheometric measurements. This assessment was 

made by estimating the modeling efficiency R2. The Ostwald de Waele power 
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model is one of the simplest and most commonly used rheological models. It was 

selected to assess the rheological properties of raw molasses in order to relate the 

obtained results to the literature data. The literature data consisted of published 

studies on the rheological properties of raw molasses samples obtained from a sugar 

factory in Bač (Serbia) [16] and from a sugar factory in Elaziğ (Turkey) [17]. 

3. Results and Discussion 

The graphs in Fig. 5 and Fig. 6 show, respectively, the flow curves and viscosity 

curves of the tested sample of Polish raw molasses in the temperature range from 

400C to 600C compared to such curves for samples of raw molasses from Serbia 

and Turkey in a comparable temperature range. Table 1 shows the parameters of 

the Ostwald de Waele model for the analyzed molasses. 

 

 

Fig. 5. Flow curves of Polish, Serbian and Turkish raw molasses. 
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Fig. 6. Viscosity curves of Polish, Serbian and Turkish raw molasses. 

 

 

 

Analysis of the obtained experimental data presented in Fig. 6 allowed us to state 

that the viscosity of raw molasses from the sugar factory in Bač (Serbia) remains at 

a constant level in the entire analyzed range of shear rates. This allows us to state 

that raw Serbian molasses is a Newtonian fluid, which is also indicated by the 

parameter of the power model, the flow behavior index n, the value of which 

oscillates around 1 – Tab. 1. 
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Tab. 1. Rheological parameters of the Ostwald de Waele power-law model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the case of raw molasses from a sugar factory in Elaziğ (Turkey), the flow 

curves shown in Fig. 6 show that the viscosity of Turkish molasses clearly decreases 

with increasing shear rate. Therefore, the Turkish raw molasses is a shear-thinning 

non-Newtonian fluid. This is confirmed by the values of the parameter n of the 

power model, which ranges from 0.756 for a temperature of 450C to 0.793 for a 

temperature of 600C – Table 1. 

Viscosity curves - Fig. 6 - of raw molasses from a sugar factory in Glinojeck 

(Poland) indicate that it is also a non-Newtonian fluid thinned by shear, because its 

viscosity decreases with increasing shear rate in the entire analyzed temperature 

range. The flow behavior index, i.e. parameter n of the power model for Polish raw 

molasses, takes values from 0.848 for a temperature of 400C to 0.921 for a 

temperature of 600C - Table 1. It should be noted, however, that the values of 

Raw 40 45 50 55 60 

molasses [0C] [0C] [0C] [0C] [0C] 

Polish molasses from Glinojeck 

n[-] 0.848 0.851 0.856 0.869 0.921 

K [Pasn] 7.889 6.407 5.166 3.728 1.759 

R2 0.999 0.999 0.999 0.998 0.998 

 

 

Serbian molasses from Bač 

n[-] 1.013 1.007 0.998 0.997 0.965 

K [Pasn] 2.820 1.973 1.485 1.263 1.068 

R2 0.999 0.999 0.999 0.999 0.999 

Turkish molasses from Elaziğ 

n[-] - 0.756 0.777 0.776 0.793 

K [Pasn] - 19.510 18.240 15.810 9.230 

R2 - 0.998 0.999 0.996 0.991 
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parameter n of the power model of molasses from Poland are about 0.1 higher than 

those of Turkish molasses. 

The highest viscosity values are definitely characteristic of molasses from Elaziğ 

(Turkey) – Fig. 6. The viscosity of this molasses decreases by half only at a 

temperature of 600C. It is interesting that the viscosity values of Turkish molasses 

at 600C correspond to the viscosity values of Polish molasses, but at 400C. 

Therefore, Polish molasses from Glinojeck at a temperature of 400C has properties 

similar to Turkish molasses from Elaziğ at 600C – this is also indicated by the value 

of the consistency coefficient k of the power model – Tab.1. 

The data presented in the graph in Fig.6 also show that the lowest viscosity value 

was recorded for molasses from Bač (Serbia) at a temperature of 600C. The 

viscosity values of Serbian molasses at temperatures below 600C correspond to 

those of Polish molasses from Glinojeck. For example, molasses from Bač (Serbia) 

at a temperature of 400C has a viscosity corresponding to the viscosity value of 

Polish molasses from Glinojeck at a temperature of 500C. However, this occurs in 

the range of slightly higher shear rate values, i.e. in the second logarithmic decade. 

Based on the presented data - shown in Fig. 5 and 6 and in Table 1 - it can be 

stated that the structure of Serbian molasses from Bač seems to be more resistant to 

shear damage, because its viscosity remains at a certain constant level with 

increasing shear rate at each of the analyzed temperatures. Meanwhile, the 

viscosities of Turkish molasses from Elaziğ and Polish molasses from Glinojeck 

(although higher in value than molasses from Bač) decrease with increasing shear 

rate. Therefore, the structure of both these molasses - Polish and Turkish - in the 

studied temperature range is probably more susceptible to shear damage than 

molasses from Bač. 
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4. Conclusions 

The composition of molasses, as well as its consistency, depend on the quality 

and chemical composition of the raw material, i.e. sugar beet. They also depend on 

the technological process, i.e. on the method of obtaining sugar from sugar beets, 

and finally, they depend on the storage conditions of the raw material itself. 

Molasses is used in the food industry as a sugar substitute, because it contains 40-

50% sucrose, which can no longer be converted into crystals. The basic issue that 

determines the amount of sucrose in sugar beet is its variety, as well as the growing 

conditions - including temperature and amount of rainfall. These conditions, in turn, 

depend on the geographical location, which is significantly different for each of the 

molasses analyzed here. Thus, with moderate soil moisture and on sunny, warm 

days, sugar beets are able to store a larger amount of sucrose. 

However, as Baryga points out in his work [18], determining the sucrose content 

is not easy, because the use of different analytical procedures can cause significant 

differences in the obtained results of the sucrose content in sugar beet. The authors 

of this article, without knowing the sucrose content in the analyzed material, as well 

as the variety of sugar beet from which molasses was obtained after processing, and 

such data were not included in the works of Popović [16] and Toğrul [17], are not 

able to state at this stage what the possible similarities and differences presented in 

the presented comparative analysis of the mentioned molasses result from. Due to 

the fact that the rheological properties of molasses are an important factor 

influencing the efficiency of various production processes, knowledge of this data 

seems necessary. 
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Abstract  

The geometric structure of the surface of textile materials has a very important functional, 

operational and aesthetic significance. Generally, the geometric structure of surface consists of three 

components: shape, waviness and roughness. Textile materials, such as woven fabrics, knitted 

fabrics or nonwovens, are flexible materials, and therefore, with some exceptions, the shape of their 

surface is not discussed or determined. It is assumed that their surface is mostly flat. Roughness is 

one of the surface quality features most often assessed using quantitative indicators, called surface 

roughness parameters. The aim of the presented research is to analyse the correlation between 

selected parameters characterizing the geometric structure of surface of the cotton woven fabrics 

and the structural parameters of the fabrics. Surface topography measurements were performed 

using the MicroSpy® Profile profilometer from FRT the art of metrology™. The correlation analysis 

was carried out using the TIBCO Statistica software, version 13.3. Obtained results showed that 

there is a correlation between the structural parameters and the surface geometry parameters of the 

fabrics. However, the strength of these relationships varies and sometimes is not too high.  

 

Keywords: woven fabrics, roughness, surface, structure, correlation, profilometer 

  

1. Introduction 

Surface quality is one of the characteristics of all kinds of objects. The surface 

is a kind of coating that “covers” the interior of the object, separating the object 
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from its surroundings. The surface of an object determines its appearance, as well 

as its interaction with other objects and media surrounding the object, such as fluids 

or gases. The surface characteristic is a very important feature of textile materials. 

Unlike other objects, textile materials come into contact with the human body, 

especially the skin. This is due to the fact that one of the most important applications 

of textile materials is clothing. The properties of clothing are shaped mainly by the 

selection of appropriate materials. Especially, in the case of clothing that is worn 

next to user's skin, the surface properties, including the geometric structure of the 

material surface, can play a crucial role. It influences such functions and 

performance of clothing as: light reflectance, thermal radiation, thermal resistance, 

wettability, tactile features, abrasion resistance and of course the clothing 

appearance [1 – 4].  

The most common and recognized method of measuring the roughness of textile 

materials is the contact/stylus method used in the KES (Kawabata Evaluation 

System) FB4 module. The instrument measures the roughness of surface of textile 

materials by the profile method measuring the surface irregularities along the line, 

separately in the warp and weft direction. This device provides information on the 

value of only one parameter characterizing the surface quality of textile materials – 

SMD (Surface Mean Deviation) [5, 6]. It is the equivalent of the arithmetic mean 

of the ordinates of the roughness profile Ra, which is commonly called roughness. 

Like any average, the Ra parameter can take the same value for diverse sets of 

individual values. Therefore, scientists dealing with the issues of geometric 

structure of the surface believe that the Ra parameter does not fully characterize the 

surface topography. With the same Ra value, you can deal with a very diverse 

surface geometry. In addition, contact tests do not fully reflect the shape of the 

tested surface, because surface irregularities smaller than the dimensions of the 

measuring sensor are not recorded. It is also important to note, that textile materials 

are flexible. They can be deformed by the sensor sliding across the surface of the 

fabric. All above factors are disadvantages of the contact methods of surface 
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geometry measurement. 

Contactless optical methods are much more precise than contact methods. In 

addition, contactless methods provide information on a number of parameters and 

functions that comprehensively describe the geometric structure of the surface. 

They are: 

• the amplitude parameters such as: maximum height (Rz), maximum 

profile peak height (Rp), maximum profile valley depth (Rv), mean height 

(Rc) and total height (Rt), 

• amplitude average parameters: arithmetic mean deviation (Ra), root mean 

square deviation (Rq), skewness (Rsk), kurtosis (Rku),  

• hybrid parameters,  

• material ratio curve and related parameters: material ratio (Rmr(c)), profile 

section height difference (Rdc), relative material ratio (Rmr), 

• parameters of surface having stratified functional properties: core 

roughness depth (Rk), reduced peak height (Rpk), reduced valley depth 

(Rvk), material portion (Mr1) and (Mr2). 

Particular parameters: amplitude, hybrid and derived from the material curve are 

defined in the ISO 4287:1996 standard [7] whereas, the parameters form the last 

group are standardised in the ISO 13565-2:1996 standard [8]. Which of these 

parameters are important depends on the object being examined, its purpose and 

desired properties. In the field of textile materials, knowledge on this subject is very 

limited. A number of studies of surfaces of the textile materials using non-contact 

methods have already been published, but these were rather case studies, focused 

on assessing the method used, selecting filters, or assessing a specific textile product 

[9 – 11]. 

The aim of presented work was to analyse the relationships between the structure 

of the cotton woven fabrics and their surface geometry parameters. In order to do it 

21 cotton fabric variants were measured in the range of their surface geometry using 
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the contactless optical method. The fabrics were characterized by different and 

intentionally diversified structure. The structural parameters of the investigated 

fabrics were measured using the standardized methods. Correlation analysis 

allowed to assess the relationship between the structural parameters of the 

investigated cotton woven fabrics and their surface geometry parameters. 

2. Material and Methods 

The woven fabrics of different structure have been the objects of the 

investigations. There were 21 variants of fabrics made of cotton. The fabrics were 

produced on the basis of the same warp – 50 tex CO OE (Open End), warp density 

– 32/cm. The fabric were manufactured in six weaves: plain, twill 1/1 S, twill 2/2 

S, rep 1/1 (010), rep 2/2 (2) and hopsack  2/2(020) using two kinds of weft yarn: 60 

tex CO OE and 100 tex CO OE. Additionally the weft density was changed. The 

fabrics were finished in the same way using standard cotton finishing: dyeing, 

washing and drying. The basic parameters of the cotton woven fabrics being 

analysed are presented in Table 1.  

Tab. 1.The basic properties of the investigated woven fabrics 

Fabric 

variant 

Weave Weft 

yarn 

tex 

Warp 

density 

cm-1 

Weft 

density 

cm-1 

Mass per 

square 

meter, g/m2 

Thickness 

mm 

1. plain 100 31.2 11.5 292 0.67 

2. plain 60 31.6 11.7 240 0.59 

3. plain 100 31.4 9.36 269 0.69 

4. plain 100 31.4 7.32 242 0.71 

5. twill 3/1 S 100 31.5 7.36 241 0.80 

6. twill 3/1 S 100 31.8 9.4 266 0.79 

7. twill 3/1 S 100 31.7 11.6 292 0.78 
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8. twill 3/1 S 60 31.7 11.7 238 0.74 

9. twill 3/1 S 50 31.7 11.6 225 0.67 

10. twill 3/1 S 50 32 11.8 228 0.71 

11. twill 3/1 S 40 32 11.8 215 0.65 

12. twill 3/1 S 30 31.8 11.8 198 0.61 

13. twill 3/1 S 30 31.6 11.6 187 0.57 

14. twill 2/2 S 100 31.9 11.6 287 0.79 

15. twill 2/2 S 60 31.9 11.8 238 0.76 

16. rep 1/1 (010) 100 31.1 11.5 284 0.83 

17. rep 1/1 (010) 60 31.7 11.8 237 0.78 

18. rep 2/2 (2) 100 31.7 11.9 293 0.65 

19. rep 2/2 (2) 60 32.0 11.8 242 0.60 

20. hopsack 2/2 (020) 100 31.6 11.7 287 0.79 

21. hopsack 2/2 (020) 60 31.6 11.7 234 0.76 

 

The measurement of basic structural parameters was done using the standardised 

methods: 

• mass per square meter – according to the PN-EN 29073-1:1994, 

• warp and weft density – according to the  PN-EN 1049-2:2000, 

• fabric thickness – according to the PN-EN ISO 5084:1999. 

The measurement of the parameters characterizing the surface geometry of the 

investigated woven fabric was performed by means of the contactless method using 

the MicroSpy® Profile profilometer (Fig. 1) by the FRT® the art of metrology™ 

[12 – 14].  
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Fig. 1. MicroSpy® Profile profilometer 

 

It is the optical method for the precise measurement of the surface characteristic  

using the principle of chromatic distance measurement. The instrument uses a non-

contact optical scanning method to generate 3D images of surface topography with 

submicron resolution. The instrument is equipped with a confocal microscope that 

focuses a beam of white light on the sample surface and measures the reflected light 

to determine the height and shape of surface features. The profilometer is equipped 

with a CWL sensor, which is based on a patented method using chromatic 

aberration of optical lenses. The profilometer cooperates with the FRT Mark III 

software for calculation of numerous surface parameters  according to standards [7, 

8, 15]. The scan of fabric sample was done for the square area with a side of 49 

mm. For each fabric variants ten repetition of measurement was performed for 

samples taken from different area of the fabric. The exemplary scan of fabric 

surface obtained from the profilometer is presented in Fig. 2.  
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Fig. 2. The exemplary scan of the woven fabric obtained from the  profilometer 

 

In the presented work, on the basis of the data from the profilometer processed 

by the Mark III software the parameters and functions characterizing the surface 

geometry of fabrics were calculated according to the ISO 4287:1996 standard [7].  

Next, the correlation analysis was performed using the TIBCO Statistica 

software. The correlation relationships between the parameters of surface geometry 

of the investigated woven fabrics and their structural parameters were analysed.  

3. Results and Discussion 

The values of the correlation coefficients between the parameters characterising 

the surface geometry of the investigated cotton woven fabrics and their structural 

parameters are presented in Table 2. In the table the statistically significant 

relationships at the significance level 0.05 are marked by red.  
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Tab. 2.The values of the correlation coefficients between the surface geometry parameters of the 

woven fabrics and their structural parameters  

Surface 

parameter 

The value of correlation coefficient 

m g1 g2 W1 W2 h 

Ra 
 

-0.0919 -0.0842 -0.3053 -0.2530 -0.5930 0.7778 

Rq 
 

-0.0759 0.0004 -0.3018 -0.2774 -0.5350 0.7804 

Rz 
 

-0.1229 0.0893 -0.3047 -0.0459 -0.0874 0.1770 

Rp 
 

0.1223 0.1074 -0.3107 -0.0001 -0.1152 0.2978 

Rv 
 

-0.1891 -0.1439 -0.4101 -0.2166 -0.1193 0.1450 

Rt 
 

-0.1859 0.0068 -0.3855 0.1715 -0.1011 0.3275 

Rsk 
 

0.4536 -0.3847 0.1286 0.2606 -0.0259 -0.4234 

Rku 
 

0.0326 0.3351 0.2085 0.1891 0.6467 -0.4821 

Rk 
 

0.1954 -0.5089 -0.2183 0.3360 -0.5744 0.5197 

Rpk 
 

0.3982 -0.4022 -0.1418 0.1212 -0.6819 0.6490 

Rvk 
 

-0.1741 0.0993 -0.4988 -0.3811 -0.1155 0.4336 

Mr1 
 

-0.0359 0.2916 0.0245 -0.1563 0.3676 -0.3942 

Mr2 
 

0.3371 -0.4747 -0.0460 0.6673 -0.1050 -0.0287 

Rmr(c) 
 

-0.0946 -0.1287 0.2693 0.0494 0.0586 -0.2650 

 

In the Table 2 the following symbols of fabrics’ structural parameters are 

applied: 

m – mass per square meter. 

g1 – density of warp, 

g2 – density of weft, 

W1 – take-up of warp, 

W2 – take-up of weft. 

h – fabric thickness. 
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Based on the correlation analysis, it was found that there is statistically 

significant correlation between some basic parameters of fabric structure and 

individual roughness parameters determined using a profilometer. The Ra and Rq 

parameters are considered as the basic surface roughness parameters (Fig. 3 and 

Fig. 4). They are the most commonly determined and analysed. The Ra parameter 

is defined as an arithmetic mean of the absolute height (ordinate z) within the 

sampling length or area. The Rq parameter represents the root mean square for z-

value (height of particular points on the measured surface) within the sampling 

length or area. It was stated that the statistically significant correlation exists 

between both mentioned surface parameters Ra and Rq and fabric thickness – values 

of correlation coefficients are respectively: 0.7778 and 0.7804.  

Fabric thickness is also correlated with other parameters characterizing the 

geometry of the fabric surface: Rku, Rk, Rpk and Rvk. Rku  - kurtosis is a parameter, 

which relates to the tip geometry of peaks and valleys and is suitable for analysing 

the degree of contact between two objects. Rku = 3 means a normal distribution of 

height on the measured surface, Rku greater than 3 means that the height distribution 

is sharp whereas, Rku lower than 3 informs that the height distribution is even. The 

relationship between the fabric thickness and kurtosis is negative. It means that the 

greater thickness is the lower value of the kurtosis. It should be mentioned that for 

all investigated fabrics the value of kurtosis is greater than 3 (Fig. 5). It means that 

the height distribution on fabrics’ surface is sharp.  
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Fig. 3. Relationship between the Ra parameter and fabric thickness 

Rq = -0,0105+0,1064*x; 0,95 Prz.Ufn.
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Fig. 4. Relationship between the Rq parameter and fabric thickness 

 



Technologia i Jakość Wyrobów 69, 2024 

37 

Rku = 19,6923-18,409*x; 0,95 Prz.Ufn.
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Fig. 5. Relationship between the Rku parameter – kurtosis and fabric thickness 

 

Also in the case of the W2 structural parameter – take-up of weft yarn there are 

some relationships with the surface geometry parameters. The positive and 

statistically significant relationship occurs between the weft take-up and kurtosis, 

the negative relationships are observed between the weft work-up and Rpk (Fig. 6), 

Rk, Ra and Rq surface parameters.  The Rpk means the reduced peak height on the 

measured surface whereas, the Rk is a core roughness depth. Both parameters are 

derived from the material ratio curve.  

It was also stated that there is statistically significant correlation between the 

take-up of warp yarn and the Mr2 surface parameter (Table 2). The Mr2 is also 

derived from the material ration curve. Above results indicate that the material ratio 

curve can be of significant importance in the analysis of the geometric structure of 

fabric surfaces. It shows that it is advisable to analyse deeply the material ratio 

curve and the parameters derived from it in the analysis of fabric surface geometry 
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and an assessment of the relationship between surface geometry and fabric 

properties. 

 

Rpk = 0,093-0,0089*x; 0,95 Prz.Ufn.
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Fig. 6. Relationship between the Rpk parameter and work – up the weft yarn 

 

It should be mentioned here that the values of correlation coefficients presented 

in the Table 2 are note very high. The results are surprising because it was expected 

that the relationships between the structural parameters of the woven fabrics and 

surface geometry parameters are stronger. It was not confirmed. Low values of 

correlation coefficients between fabric structure parameters and parameters 

characterizing the geometric structure of fabrics’ surface result from the fact that 

the geometry of fabric surface is shaped by many factors connected with the fabrics 

structure. None of these factors is dominant. There is also an interaction between 

the fabric structural parameters, which affects their influence on the geometric 

structure of fabric surface.  
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4. Conclusions 

On the basis of the performed investigations it was stated that it is possible to 

characterize the surface geometry of the woven fabrics in a complex way using 

contactless optical method. The MicroSpy® Profile profilometer cooperating with  

the Mark III software provides a wide range of parameters which can be connected 

with structural and functional properties of the woven fabrics. Obtained results 

showed that there is correlation between some structural parameters of the cotton 

woven fabrics, especially thickness and weft take-up and parameters characterising 

the geometry of surface of the fabrics. However, the correlation is not very strong. 

It can be due to the fact that the surface of the woven fabrics is shaped by several 

structural factors which interact between each other.  

It is necessary to continue the investigation, for instance in direction of better 

understanding the material ratio curve and parameters derived from it in order to 

better characterisation of surface of textile materials as well as to analyse the 

relationships between the surface geometry of fabrics and their performance. 
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Abstract   

With the development of civilization, people's needs in terms of clothing and the possibilities of 

satisfying them have developed. Today, clothing can fulfil functions of monitoring the vital 

functions of the user's body or therapeutic functions. The latter consist in supporting therapy or 

prevention of many health problems. As part of the work, surveys were conducted to identify the 

needs of children with disabilities in terms of specialist clothing. The research was conducted among 

parents and guardians of children with disabilities. The results allowed for the identification of 

problems related to the use of clothing by children with disabilities and the proposal of solutions 

that can improve the quality of life of these children and their guardians. 

 

Keywords:  therapeutic clothing, comfort, analysis of needs, children, disability 

  

1. Introduction 

Clothing is present in the life of every person from birth through all next stages 

of life. There are many different product groups of clothing meeting different 

requirements [1, 2]. The basic – primary functions of clothing include: 

• organizational functions, 

• protective functions, 
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• aesthetic functions. 

These functions have always been fulfilled by clothing, even when people used 

animal skins or plant leaves to cover their body. With the development of 

civilization, people's needs have developed, and the possibilities of satisfying them 

have developed too. Today, in addition to the basic functions listed above, clothing 

can also play other roles. For example, it should be mentioned here a possibility of 

monitoring the vital functions of human body thanks to incorporation of electronic 

elements into clothing. Such clothing is called textronic clothing [3, 4]. Clothing 

can also serve as a therapeutic tool. These functions consist in supporting therapy 

or preventing many diseases or health problems. This group of clothing includes for 

instance the compression clothing or weighted clothing. Compression garments are 

used in lymphedema therapy to stabilize the effects of the medical treatment [5, 6]. 

Weighted garments provide consistent, gentle and controlled pressure to the 

specific areas of the body. The even and gradual compression of tissues by 

compression garments improves blood and lymph circulation and reduces swelling 

that occurs during long-term or intense exercise. Weighted clothing is used for 

example by athletes, but primarily by children with health problems such as: 

Autism, PDD (Pervasive Development Disorder), ADD (Attention Deficit 

Disorder), ADHD (Attention Deficit Hyperactivity Disorder), CP (Cerebral Palsy), 

MD (Muscular Dystrophy) and various sensory integration needs [7, 8]. However, 

not all children's health issues and challenges are taken into account when designing 

clothing. Additionally, there are many diseases that require the use of specialist 

medical or rehabilitation equipment for children. It should be mentioned here: 

spasticity, hypotonia or problems with natural nutrition. 

Spasticity according to Lance's definition is "a movement disorder characterized 

by an increase in tonic stretch reflexes (muscle tension) in relation to the speed of 

stretching, which results from a disinhibited stretch reflex as a component of higher-

level motor neuron damage" [9]. Spasticity can be defined as a sensory-muscular 

disorder that occurs as a result of upper motor neuron damage. This disorder 
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manifests itself as involuntary, interrupted, or constant muscle activity. 

Muscle laxity (hypotonia) means that the muscles tend to offer less resistance 

during passive joint movements. When someone moves or manipulates the limbs 

of a person with muscle laxity, these muscles are less resistant and more flexible, 

which can affect the ease of performing individual movements. Proper muscle tone 

is the result of the cooperation of the structures of the central nervous system with 

the peripheral nervous system, which leads to maintaining the fluidity of movement 

and maintaining the stability of the body. Muscle laxity can be caused by brain 

dysfunction, damage to the anterior horns of the spinal cord, problems with the 

peripheral nerves, disorders occurring in the neuromuscular junction and in the 

muscles.  

There are also many diseases that require parenteral nutrition. We cannot speak 

here of one disease, but of several diseases, for example, problems with the oral 

cavity, esophagus or stomach, problems with swallowing that pose a risk of choking 

and food entering the lungs, or difficulty in eating enough food to meet the body's 

nutritional needs. Nutritional therapy is a medical procedure aimed at maintaining 

or improving the nutrition of people who are unable to meet the needs of the body 

using natural nutritional methods. Within this treatment, we can distinguish two 

main types of nutrition: 

• enteral, which takes place through the digestive tract, 

• parenteral, which involves delivering nutrients directly to the body which 

involves introducing nutrients directly into the bloodstream, e.g. by injection [10]. 

Enteral nutrition is mainly based on the use of a precisely selected industrial diet, 

containing all the necessary nutrients, such as protein, carbohydrates, electrolytes, 

vitamins, and minerals. An artificially established access to the digestive tract is 

used to administer food. To introduce food into the stomach, the continuous 

infusion method can be used, which involves gravity guidance, where the food is 

placed above the person and then moves using gravity. A nutritional pump can also 

be used. Percutaneous Endoscopic Gastrostomy (PEG) allows permanent access to 
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the stomach. It is an easy, safe, and minimally invasive way to obtain access to food 

in the stomach. It is one of the most commonly performed endoscopic procedures 

concerning the gastrointestinal tract [11]. 

A tracheostomy is another health problem that may require the use of special 

clothing. It is a life-saving surgical procedure that involves creating an artificial 

airway by cutting the trachea and inserting a tracheotomy tube into its lumen in 

order to bypass the nose, mouth, and upper respiratory tract [12]. The most common 

indications for tracheostomy in children are acquired post-intubation laryngeal 

stenosis, congenital laryngeal and tracheal defects, prolonged intubation. The 

presence of tracheostomy tube may cause problems when putting on and taking off 

clothes. Both the mentioned above medical treatments: nutritional therapy and 

tracheostomy and the medical equipment used in them make it difficult for children 

with disabilities and their parents or caregivers to function. Currently, the market 

offers a very limited range of clothing for disabled children. Especially for kids 

lying down, the comfort of using clothing is a very important factor influencing 

their quality of life. The clothing available on the market often causes problems 

when dressing disabled children, because it is not adapted to the needs of these 

users. Children's clothing available on the market often has fasteners on the back or 

fancy frills, which can be a problem for lying children, because they cut into the 

body and thus cause discomfort or even pain. Another problem for disabled kids, 

and disable people is too tight clothing covering the lower part of the body. This is 

often due to the lack of movement, which causes disruption of the flow of body 

fluids. It can lead to swelling of the lower parts of the body. In order to ensure the 

well-being of disabled people and prevent discomfort, it is necessary to provide 

appropriate looseness in clothing, larger than in standard clothing. It can be done 

by appropriate pattern making and selection of appropriate materials in 

manufacturing the clothing for sick or disabled children. First of all, the needs of 

these children and their caregivers must be identified in terms of clothing that will 

ensure their comfort and well-being. 
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In the frame of presented work the survey was conducted to identify the needs 

of children with disabilities in the field of specialist clothing. The research was 

conducted among parents and caregivers of children with disabilities. Based on the 

survey results, some conclusions were drawn which can help to design the clothing 

for children with disabilities.  

2. Methods 

The survey was addressed to parents and caregivers of disabled children aged 1 

to 18, dependent on performing basic daily activities or requiring significant 

assistance from parents, e.g. problems with dressing, washing, eating meals, etc. 

The survey was conducted using a Google Forms survey form. The link to the 

survey was shared on the Facebook platform in three groups: "Tracheostomy in 

children", "Respiratory THERAPY – home ventilation of the patient", "Parents of 

disabled children – discussion on any topic". Totally, 55 parents of disabled 

children took part in the survey. The parents of the children answered eight 

questions. Five of questions were closed-ended. These were the following 

questions: 

Question No. 1. Age of the child – choice from 1 to 18. 

Question No. 2. Gender of the child: 

• Boy 

• Girl 

Question No. 3. Type of muscle tension. Is the child: 

• Spastic 

• Flaccid 

• Spastic-flaccid 

Question No. 4. Does the child have: 

• PEG 

• Orthosis 
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• Stoma 

• Tracheostomy 

• Other: (specify what) 

Question No. 5. Is there a need for specialist clothing: 

• Yes 

• No 

• I have no opinion. 

The remaining three survey questions were open-ended: 

Question No. 6. What difficulties occur when dressing the child? 

Question No. 7. What solutions are missing in clothing that would make the 

dressing process easier and improve comfort of use? 

Question No. 8. Do you use clothing designed for children with disabilities? If 

so, what kind (please specify the type (pants, blouse, etc.) /brand/ manufacturer). 

3. Results and Discussion 

The survey results are presented and discussed below. The answers to the closed 

questions are presented in the graphs (Fig. 1 – 5). The analysis of the survey results 

showed that the largest group – 38 % of all respondents – consists of children in the 

group I, i.e. children aged above 2 to 6 years. In this group the  most often are 

children aged 3 years. The next largest group is the age group II, i.e. children aged 

above 6 to 11 years which constitutes 25 %, followed by the group IV – children 

aged above 15 to 18 years  (16 % of all respondents), 11 % of respondents belong 

to the age group III, (above 11 to 15 years) while the age group 0 (babies from 0 to 

2) constitutes 9 % of respondents (Fig. 1). 
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Fig. 1. Answers to the question about the child's age 
 

Among 55 surveys collected the majority – 33  responses (66.7 %) were 

completed by parents of boys, while 22 responses (33.3%) were completed by 

parents of girls (Fig. 2). 

 

 

Fig. 2. Answers to the question about the child's gender 
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constituted 40% of the survey participants, while parents of spastic-flaccid children 

constituted only 5 % of the analysed group (Fig. 3). 

 

 

Fig. 3. Answers to the question about the type of muscle tension 
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40 % of children have an orthosis and 38 % of children have PEG (Fig. 4). It was 
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Fig. 4. Answers to the question about medical equipment owned/used by children. 

 

The last closed question – question no. 5 concerned the demand for specialist 

clothing for children with health problems. The answers to this question (Fig. 5) 

showed that there is a demand for clothing with special purposes functionality and 

facilities. As many as 89 % of people who took part in the study answered that there 

is a demand for clothing intended for children who experience inconveniences when 

using clothing. Only 6 % of respondents answered that they do not see a need for 

clothing for people with disabilities and next 5 % of people answered that they have 

no opinion on the subject. 
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The Questions 6 – 8 are the open-ended type. 

Question no. 6 concerned the difficulties occurring while dressing a child. 

Parents indicated the following difficulties and problems when dressing a child: 

General problems: 

• Synthetic materials used in clothing cause the child to sweat intensively. 

This can lead to an increased risk of the child getting sick, e.g. 

pneumonia. 

• The need to turn and lift the child while dressing. 

• Difficulty in putting hands into unbuttoned clothes, too little material on 

the back to pull on a jacket or sweatshirt when one hand is already in the 

other sleeve. 

• Flabby arms make it difficult to put hands into sleeves, which can lead 

to injuries. 

• Problems with putting on sweatshirts, sweaters, jackets due to wrist 

laxity and elbow joint contracture. 

• Problems with bending the arms and lifting them up, which contributes 

to problems with putting on unbuttoned clothes. 

• The upper part of the clothing pulls up during usage. 

• Problems with putting on sweatshirts and jackets due to sleeves that are 

too tight. 

• Spasticity makes it difficult to put hands in the sleeves. 

• Problems with putting on pants due to popliteal and hip contractures. 

• Difficulty in bending the limbs when dressing. 

• Narrow trouser legs. 

• No bodysuits available above size 92. 

• Sensory hypersensitivity to textures and the touch of materials 

• Irritation from clothing items that are close to the face. 

• Low elasticity of clothes. 
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Problems when using a tracheostomy: 

• The tracheotomy tube may become detached when putting on the upper 

part of the clothing. 

• The tracheotomy tube interferes with the neckline. 

• The tracheotomy tube falls out when dressing. 

• Covering the tracheotomy tube by clothing during winter. 

Problems when using the PEG: 

• Lack of easy access to the PEG, the child must be undressed. 

• There is a risk of tearing out or damaging the PEG. 

• Clothes are not adopted for feeding with a PEG. 

• The PEG is pressed by the elastic band in the pants; if the pants are worn 

lower, there is a high probability that they will slip off. 

Problems when using the orthosis: 

• Too narrow pants, which make it difficult to put on and take off when the 

orthoses are on the legs. 

• Tights and leggings that tear quickly. 

• Too narrow legs. 

• The bottoms of the trouser legs do not stretch enough to go through the 

orthoses. 

Question no 7. concerned missing solutions in clothing that would make the 

process of dressing easier and improve comfort of clothing usage. 

Parents/caregivers indicated the following solutions that would make the process of 

dressing and undressing a child easier: 

General solutions: 

• Full-length buttoned sleeves 

• Snap-on shirts 

• Clothes with fasteners in places other than the belly, e.g. buttoned 

sleeves, buttoned trouser legs. 



Technologia i Jakość Wyrobów 69, 2024 

52 

• Garment that ensures thermal comfort without many layers of clothing. 

• A bodysuit that looks like a T-shirt. 

• Winter overalls for a stroller, consisting of a jacket and a warm leg bag 

attached to it with a zipper. 

• Zippers in jackets along the entire length of the side seams from the 

wrists through the armpits to the ribs. 

• Winter trousers that can be unbuttoned into two parts. 

• Blouses that fasten at the neck. 

• No labels, delicate seams. 

• Bodysuits and rompers in large sizes, over 92. 

• Romper-type clothing without feet to easy access to the pulse oximeter. 

• Trousers adjustable at the waist. 

• No buttons, snaps, or zippers on the back. 

• Bodysuits buttoned on both sides. 

• Wider, buttoned trouser legs. 

• Trousers buttoned along the inside and outside seams. 

• Leggings without tight bottom cuffs. 

• Sweatshirts buttoned along the sleeves. 

• Natural materials such as cotton, bamboo, merino. 

• "Breathable" materials.  

Solutions for children with tracheostomy: 

• Soft, stretchy, reusable, fastened straps for the tracheostomy tube. 

• A cutout for the tracheostomy tube. 

• A winter bodysuit that will cover the tracheostomy tube so that the child 

does not freeze in the fall and winter. 

• Turtlenecks that will allow air to flow freely so that breathing is easy. 

• Scarves through which you can breathe. 

• Clothes with a wide opening for the head. 
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• Scarves that make it easier to access the tracheostomy tube without 

completely exposing it to suck out secretions. 

• Clothes with a wider neckline so that the clothing does not cover the 

tracheostomy tube. 

• A wide fastener at the neckline to minimize the risk of the tracheostomy 

tube getting caught or pulled when putting on or taking off shirts. 

Solutions for children using PEG: 

• Wheeled pads for the PEG, preferably fastened so that they do not fall 

off and can be washed. 

• Buttoned blouses with access to the PEG. 

• Sweatshirts, bodysuits, T-shirts with an opening for the PEG, so that 

there is no need to undress the child when it is cold or in public places. 

Solutions for children using orthoses: 

• Clothing that allows easy access to the orthoses. 

• Wider trouser and legging legs to accommodate the orthoses. 

• Knee-length trousers with a zipper. 

• Trouser legs with zippers on the sides, so that they can be put on by a 

lying down person with rehabilitation equipment.  

• Higher waist, especially in the back. 

The last question was the following: Do you use clothing designed for children 

with disabilities? If so, what kind (please specify the type (pants, blouse, 

etc.)/brand/manufacturer). The answers to the question show that 55 % of 

respondents do not use such clothing. There may be several reasons, e.g. price, lack 

of knowledge about the availability of such clothing, lack of larger sizes of 

bodysuits, lack of availability on the market, clothing does not always fulfil its 

purpose, is not tailored to the specific needs of the user. Parents who decide to buy 

this type of clothing constitute 45 % of respondents (Fig. 6). 
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Fig. 6. Answers to the question about the clothing for children with disabilities used. 

 

 

The question shows that almost half of parents who use such clothing decide to 

order such clothing from a seamstress or have ordinary clothes altered in such a 

way that they meet their needs to some extent. Most often, such clothing can be 

purchased online, unfortunately there are currently few companies on the market 

that specialize in this type of clothing. This question shows that there is a large 

niche in the market that has not been filled so far. We did not find any surveys in 

this area. The most frequently published studies concern the developmental and 

educational needs of children with disabilities. The presented studies are based on 

a relatively small group of respondents. These studies constitute a signal of the 

problem. The obtained results confirm that further research in this area is needed. 

Nevertheless, this is a niche group of recipients considering the entire population 

of clothing users and apparel market. Therefore, the production of such specialized 

clothing may be short-series, and therefore less profitable, than large-series 

production of standard clothing. This is the main reason why clothing adapted to 

the needs of children with disabilities is unavailable or available to a very limited 

extent. 
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4. Conclusions 

After analysing all the responses given in the survey by parents/ caregivers of 

disabled children, the following can be stated: 

• The biggest problem when dressing is putting hands into sleeves, both in 

spastic and flaccid children, because  of contractures, parents have 

problems with manipulating their hands. 

• Another proposed solution is wider trousers that can be buttoned along 

their entire length, which would greatly facilitate the process of putting 

them on. 

• Most parents of children with a tracheotomy tube pointed out the high 

probability of the tube coming out while dressing. The neckline of 

blouses is also often a problem when using clothes,because it interferes 

with the tube or causes a risk of covering it. 

• Caregivers of children with enteral nutrition indicated that ordinary 

clothes make it much more difficult for them to feed their children. They 

indicated that there is a risk of PEG tearing out and that ordinary clothes 

often press on the place where the PEG is located. 

• In the case of children with orthoses, the biggest problem is that the 

clothing is too tight, which creates a problem putting on pants or shirts 

over the orthoses. There is also a problem when putting on clothes that 

do not stretch enough to be put on the orthosis. 

• There are major shortages when it comes to integrated clothing for 

children with gastrostomy in the form of shirts/bodysuits and sweatshirts, 

sweaters that have an appropriate opening for the PEG in the same place. 

•  If there is clothing adapted to PEG on the market, it is available in the 

form of shirts/bodysuits, less often sweatshirts. The problem occurs 

when the parent wants to buy, for example, clothes such as overalls or 

rompers, dresses, sweaters, dungarees, or more elegant clothing in the 
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form of shirts. 

• There are no bodysuits available above size 92. 

• There is also a problem when it comes to labels because they often irritate 

the child's skin. If the child is sensory hypersensitive, the seams irritate 

their skin, as a result of which the child feels discomfort when wearing 

clothes. 

• Parents pay a lot of attention to the materials used to make clothes. They 

most often choose cotton, linen and wool. 

• Generally, respondents stated that the subject of the survey is very 

important because there is a lack of clothing that meets the needs of 

children with disabilities.  
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Abstract  

The aim of the paperwork was to study the microflora found in breakfast cereals available in stores, 

and to assess the effect of packaging on the microbiological product quality. The flakes tested were 

hermetically packed and sold by weight. The microbiological analysis included determination of the 

total number of mesophilic microorganisms, the total number of aerobic bacteria and mould, 

coagulase-positive bacteria of the Enterobacteriaceae family, including coliform bacteria, 

Salmonella, and Shigella. It was found that spore bacterial  and moulds of the Aspergillus and 

Penicillum genus were the dominant microflora that contaminated flakes. There were no coagulase-

positive staphylococci and Salmonella and Shigella bacteria. The most contaminated products were 

cocoa balls and wheat flakes with rice sold by weight. In general, lower contamination levels were 

found in hermetically packaged flakes than in those sold by weight. 

Keywords: breakfast cereals, microbial contamination. 

 

 

1. Introduction 

The basis of human nutrition according to the food pyramid should be whole 

grain products, rich in health-promoting ingredients such as dietary fiber, minerals 

and vitamins. Numerous nutritional studies confirm that regular consumption of 

whole grain products has a beneficial effect on the human body, reducing the risk 
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of many lifestyle diseases, including obesity, cardiovascular diseases, diabetes and 

cancer [1].  

Due to the increasing nutritional awareness of consumers and the search for 

products with high nutritional value, cereal flakes are still popular among consumers 

[2]. The products are aimed at a wide range of recipients, from preschool children 

to the elderly. A definite advantage of breakfast cereals is the variety of choices and 

the possibility of consuming them without additional heat treatment. The most 

popular breakfast cereals chosen by consumers are: oat flakes, corn flakes, flavored 

cereal flakes (chocolate, cinnamon, honey, etc.), muesli mixes, or granola [3]. 

Cereal grains, the product from which cereals are made, are an agricultural raw 

material particularly susceptible to contamination at every stage of production, from 

cultivation to processing. Microbiological contamination is one of the most serious 

threats associated with cereal grains and can occur at many stages of the food supply 

chain, such as cultivation, harvest, transport, storage, preparation and handling. 

These contaminants can reach cereal grains already in field conditions, transferred 

by various biotic (e.g. wild animals and insects) and abiotic (e.g. air, dust, water and 

equipment) factors present in the supply chain [4]. The number of microorganisms 

present in the grain and their species diversity depend on many factors, such as the 

location of cultivation, climatic conditions and the type of grain. Cereals growing 

in both cool and warm and humid climates are susceptible to contamination. In 

addition, grain is often subject to secondary infection during storage [5]. The 

microflora inhabiting cereal grains is divided into surface (epiphytic) and 

subsurface microflora. Surface microbiota includes bacteria, fungi and yeasts. 

Subsurface microflora develops mainly during grain storage, which leads to its 

spoilage [6]. 

The aim of the study was to assess the microbiological status of breakfast cereals 

available on the market and to determine the impact of packaging on the 

microbiological quality of these products. 
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2. Materials and methods 

The study involved 8 breakfast cereals available for sale in hermetic packaging 

and by weight (tab. 1).  

Tab. 1. Breakfast cereals tested (own study based on the data on the packaging). 

Product Packaging form Composition 

Cornflakes 
foil packaging 

Corn grits, sugar, salt, invert sugar syrup, molasses, 

enriching substances: vitamins (B3, B5, B2, B6, B9) 

by weight 
Cornmeal 94%, sugar, salt, vitamin premix with iron: 

B vitamins, vitamin E, iron, salt 

Cocoa balls 

foil packaging 

Whole grain wheat flour 53.1%, sugar, corn flour 

17.2%, glucose syrup, low-fat cocoa 5.6%, enriching 

agent (mineral: calcium), contains sunflower and/or 

palm oil, salt, enriching agents (mineral: iron; 

vitamins: B3, B5, B2, B6, B1, B9, D) 

by weight 

Flour 51% (whole wheat, rice, cornmeal), sugar, cocoa 

powder 4.9%, sunflower oil, salt, vitamin premix with 

iron: vitamin B1, vitamin B2, vitamin B6, vitamin B12, 

niacin (vitamin B3), folic acid (vitaminj B9), 

pantothenic acid (vitamin B5), vitamin E, iron 

Muesli 

foil packaging 

Whole grain wheat 41.7%, rice 17%, raisins 15.9%, 

wholegrain oats 6.6%, sugar 5.1%, candied pineapple 

pieces 4.6% (pineapple, sugar, acidity regulator (citric 

acid), candied papaya pieces 1.9% (papaya, sugar), 

coconut chips pieces 1.8%, barley malt extract, 

sweetened dried cranberry pieces 1% (cranberries, 

sugar, rice flour, sunflower oil), glucose syrup, oat 

fiber, dried apple pieces 0.5%, salt, oligofructose, 

emulsifier, antioxidant  

paper tube 

Cereal flakes 45% (wheat, oat), roasted peanuts 11%, 

walnuts 9%, dried dates 9% (dates 95%, rice flour), 

raisins (raisins, sunflower oil), dark chocolate 5.5% 

(cocoa mass, sugar, cocoa butter), spanish sage seeds 

/chia 5.5%, expanded wheat with honey 

 (expanded wheat grains, honey) 

Oat flakes 
paper packaging Gluten-free whole grain oat flakes 100% 

by weight Oat flakes 100% 

Wheat flakes 

with rice 

foil packaging 

Whole grain wheat 50.9%, rice 37.3%, sugar, 

wholegrain oat flakes 7.1%, invert sugar syrup, barley 

malt extract (barley, malted barley), enriching agent 

(mineral: calcium), salt, glucose syrup, molasses, 

antioxidant (mixture of tocopherols), enriching agents 

(mineral: iron; vitamins: B3, B5, B2, B6, B9) 

by weight 

Whole wheat flour 80%, sugar, rice 5%, salt, baking 

powder (raising agent: sodium carbonates, wheat flour, 

acidity regulator: diphosphates), wheat gluten, barley 

malt extract 
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Granola paper tube 

Granola 91.5% (oat flakes, wheat flakes, date syrup, 

chicory root fiber, rice flour, sunflower seeds, low-fat 

cocoa), dark chocolate 5% (cocoa mass, sugar, cocoa 

butter, emulsifier), freeze-dried raspberries 3.5% 

Cocoa shells 

foil packaging 

Whole grain wheat flour 35.1%, chocolate powder 

22.5% (sugar, cocoa 7.2%, wheat flour 17%, corn flour 

15.3%, glucose syrup, sugar, barley malt extract, 

sunflower oil, enriching substance (mineral: calcium), 

emulsifier (lecithins), salt, enriching substances 

(mineral: iron; vitamins: B3, B5, B2, B6, B1, D 

by weight 

Wheat flour 64.1%, sugar, low-fat cocoa 3.6%,  

cocoa 2.6%, glucose syrup, vegetable fat (palm),  

salt, emulsifier 

The microbiological analysis of dried fruit included the definition of: 

• the total number of mesophilic microorganisms (on PCA medium), 

• the total number of oxygen sparing bacteria (on the PCA medium after 

subjecting the sample to the so-called thermal shock), 

• microorganisms of the Enterobacteriaceae family (on the VRBG medium), 

• coliforms and β-glucuronidase positive Escherichia coli (on the 

Chromocult®TBX medium), 

• Salmonella and Shigella bacteria (on the SS medium), 

• number of coagulase-positive staphylococci (on the Baird-Parker's medium), 

• number of filamentous fungi (on the Sabouraud substrate). 

10-fold dilutions of the analyzed samples were prepared and then cultured on 

Petri plates. Microbiological tests were conducted using the culture method in 

accordance with PN-EN ISO standards [7-10]. 

The identification of filamentous fungi was based on macroscopic observations 

of growth observations in plate cultures and based on microscopic observations. 

 

3. Results and discussion 

Based on the obtained results (tab. 2), a diverse number of bacteria, both 

mesophilic and sporulating were found in the analyzed breakfast cereals. Based on 

the obtained results (tab. 2), a diverse number of bacteria, both mesophilic and 
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sporulating were found in the analyzed breakfast cereals. The presence of 

mesophilic bacteria was not detected in packaged breakfast cereals (corn flakes, oat 

flakes, wheat flakes with rice), and if they did occur, they were in small quantities, 

around 2 Log10CFU/g. In cereals sold by weight, the number of mesophilic bacteria 

was higher and ranged from 3 to 5 Log10CFU/g. 

Aerobic sporulating bacteria were not present in corn and oat flakes in either 

hermetic packages or sold by weight, and in cocoa balls and wheat flakes with rice 

in foil packages. In the remaining breakfast cereals, the number of aerobic 

sporulating bacteria was not high and ranged from 1 to 2 Log10CFU/g. 

Cereal grains  are often contaminated with mesophilic microorganisms. The 

primary contamination of grain can easily multiply due to inadequate raw material 

storage and improper technological processing. Because the conditions of the 

drying process are unfavorable for microorganisms (high temperature maintained 

for a long time), most vegetative forms, especially during logarithmic growth, are 

lost. However, the process parameters can be withstood by microorganisms that 

have developed defense mechanisms that make them resistant to high temperatures. 

An example is bacterial spores, whose high heat resistivity results from their 

structure and chemical composition. While vegetative cells die after 10 minutes of 

heating at 80°C, endospores can withstand even hours of heating. In their structure 

they contain up to 15% water and dipicolinic acid the complexes with calcium ions 

of which allow them to survive the drying process [11]. 

The limits for the number of bacteria in breakfast cereals are set by national and 

EU regulations on microbiological criteria for food. In the European Union, 

including Poland, these regulations are included in Commission Regulation (EC) 

No. 2073/2005 on microbiological criteria for foodstuffs. Although this regulation 

does not specify specific limits for breakfast cereals, they can be classified as ready-

to-eat products. 

The total number of mesophilic bacteria can be used as an indicator of the overall 

hygienic quality of the product. However, the values may vary depending on the 
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specifications set by food manufacturers. The content of the total number of 

mesophilic bacteria in cereal products should be in the range of 103 to 106 CFU/g, 

according to the above Regulation. The obtained results of the number of bacteria 

were much lower, which means that they were within the norm. 

Tab. 2. Total number of mesophilic and sporulating microorganisms. 

Ab – absent in 10 g; ± SD (Standard Deviation) 

The presence of Enterobacteriacea bacteria was noted only in corn flakes by 

weight and oat flakes by weight. Their numbers were low and ranged from 0.4 to 

0.7 Log10CFU/g. In the remaining products, no Enterobacteriacea bacteria were 

found in 10 g. No coliform bacteria were found in any of the breakfast cereals 

analysed (tab. 3). 

The main source of secondary pollution of dried fruits is man. We have a rich 

microflora on our skin and in the digestive tract. It was man who could be the reason 

for the presence of bacteria from the Enterobacteriaceae family in the analysed 

products. 

 

Product 
Number of microorganisms [Log10CFU/g] 

mesophilic sporulating 

Cornflakes 
packaging Ab Ab 

by weight 3.15 ± 0.2 Ab 

Cocoa balls 
packaged 2.30 ± 0.1 Ab 

by weight 5.15 ± 0.4 1.08 ± 0.2 

Muesli 
packaged 2.91 ± 0.1 2.78 ± 0.1 

packaged 2.30 ± 0.3 1.76 ± 0.3 

Oat flakes 
packaged Ab Ab 

by weight 3.60 ± 0.3 Ab 

Wheat flakes  

with rice 

packaged Ab Ab  

by weight 5.04 ± 0.1 2.00 ± 0.2 

Granola packaged 2.08 ± 0.1 1.08 ± 0.1 

Cocoa shells 
packaged 2.06 ± 0.2 1.01 ± 0.1 

by weight 1.30 ± 0.1 1.12 ± 0.1 
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Tab. 3. The number of microorganisms from the Enterobacteriaceae family and from the coli 

group 

Ab – absent in 10 g;  ± SD (Standard Deviation) 

 

None of the tested products sold both in hermetically sealed containers and by 

weight, were contaminated with Salmonella and Shigella bacteria and coagulase-

positive staphylococci. 

The presence of filamentous fungi was found in the following flakes: corn flakes 

by weight, cocoa balls by weight, muesli in foil and paper packaging, oat flakes by 

weight, wheat flakes with rice by weight (tab. 4). The number of filamentous fungi 

in the flakes varied, ranging from 1.00 to 4.90 Log10CFU/g. The highest content of 

filamentous fungi was found in the sample of muesli flakes in a foil package. The 

high content of mould fungi in this product could be caused by the presence of 

microbiologically contaminated dried fruit present in the muesli. 

However, analyzing which filamentous fungi were on the breakfast cereals on 

macroscopic and microscopic observations, it was found they belong to the 

Aspergillus genus and the Penicillum genus (tab. 4, fig. 1). 

 

Product 
Number of microorganisms [Log10CFU/g] 

mesophilic sporulating 

Cornflakes 
packaging Ab Ab 

by weight 0.7 ± 0.1 Ab 

Cocoa balls 
packaged Ab Ab 

by weight Ab Ab 

Muesli 
packaged Ab Ab 

packaged Ab Ab 

Oat flakes 
packaged Ab Ab 

by weight 0.4 ± 0.1 Ab 

Wheat flakes  

with rice 

packaged Ab Ab 

by weight Ab Ab 

Granola packaged Ab Ab 

Cocoa shells 
packaged Ab Ab 

by weight Ab Ab 
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Tab. 4. Number of filamentous fungi 

Ab – absent in 10 g; ± SD (Standard Deviation) 

 

        

Fig. 1. Morphology of selected filamentous fungi (microscopic observations, x40). 

4. Conclusion 

 Based on the microbiological analysis, it was found that bacterial spores and 

moulds of the Aspergillus and Penicillum genus were the dominant microflora that 

contaminated breakfast cereals. There were no coagulase-positive staphylococci 

and Salmonella and Shigella bacteria. The most contaminated product were cocoa 

balls and wheat flakes with rice sold by weight and muesli in foil packaging.  

In general, a low level of microbiological contamination of the studied cereals and 

a lower level of contamination of hermetically packaged cereals were found than in 

those sold by bulk. 

Product 
Number of mould 

[Log10CFU/g] 

Morphological 

identification 

Cornflakes 
packaging Ab - 

by weight 1.48 ± 0.2 Penicillum 

Cocoa balls 
packaged Ab - 

by weight 4.20 ± 0.1 Aspergillus 

Muesli 
packaged 4.90 ± 0.3 Aspergillus 

packaged 1.00 ± 0.1 Aspergillus 

Oat flakes 
packaged Ab - 

by weight 1.3 ± 0.2 Aspergillus 

Wheat flakes  

with rice 

packaged Ab - 

by weight 2.45 ± 0.2 Penicillum 

Granola packaged Ab - 

Cocoa shells 
packaged Ab - 

by weight Ab - 
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Abstract  

The article aimed to compare the results of the experimental and the simulation research on the 

dynamic behaviour of the developed multi-frequency vibrating screen prototype. A simulation 

model of the screen and a test stand for trajectory research have been developed. Simulations of the 

screen motion were carried out and the results obtained from measurements on the test stand were 

compared. It was noticed that for the angular ratio of the rotational speeds equal to 1 under their 

reverse synchronization for the two rotary vibrators exciting the analyzed screen the best conditions 

were obtained for the good segregation of the granular layer on the screen. 
 

Keywords: screen; dynamics; multi-frequency vibrator; grain 

 

1. Introduction  

Nowadays, vibrating screens, conveyors, rammers, and machines for processing 

loose materials are mainly used in mining, metallurgy, construction, etc. [1]. It is 
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known that the shape of the trajectory of the screen during its operation affects the 

achievement of the best processing properties of the machine. In the case of 

vibrating screens used for coal processing, the motion of the screen may be a 

circular, elliptical, or straight line. Linear is used in horizontal, high-frequency and 

banana screens. Elliptical can also be used on horizontal and banana screens [2]. 

The banana screen uses a curved banana-shaped deck instead of a flat deck 

equipped with a horizontal screen [2]. It has been found that elliptical motion 

provides greater efficiency compared to machines with linear and circular motion 

[3]. More complicated, complex sieve movement affects the ability to segregate 

grains in that it causes better mixing of the grain layer on the sieve, which allows 

smaller grains to reach the sieve surface and be separated. The main sieving 

resistance is in the layer of material on the sieve and the movement of the sieve and 

this layer is crucial for the efficiency and effectiveness of sieving. Basalt aggregate 

with a grain size of 0.1 - 2.0 mm was used as a model material for screening in later 

screening process studies (not included in this article). This material is difficult to 

screen due to its sharp-edged grain shapes and high internal friction coefficients. 

The screening efficiencies obtained for multi-frequency drives were in most cases 

higher by 5 - 10% compared to the single-frequency drive. The trajectories of the 

vibratory movement lead to intensive grain segregation layers moving on the sieve. 

Simonyan and Yiljep [4] developed a grain threshing machine and conducted 

studies of grain separation and the distribution of the cleaning efficiency of the 

cleaning unit, fractionated by sieve and horizontal airflow along the entire length 

of the sieve. They studied the influence of feed rate, air velocity and sieve 

oscillation frequency on cleaning efficiency. The research confirmed that the 

cleaning efficiency decreased with the increase of the sieve oscillation frequency 

and the feed rate of the raw material. At the same time, as this frequency increased, 

cleaning loss, feed rate, and air velocity increased. Aipov noticed [5] that the more 

complicated the kinematics of the oscillating sieves, the more it affects the 

screening efficiency. The deterioration of the screening process is associated with 
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the wear and ageing of their mechanical components [6, 7]. The drive of the 

vibrating machines presented in [8, 9, 10] was based on a rotary to-reciprocating 

converter. Complicated the kinematic scheme of the presented drive increased the 

cost of the machine, while at the same time impairing energy efficiency and energy 

reliability due to many rubbing and wearing surfaces. Yarullin et al. [11] introduced 

a vibrator with adjustable frequency using counterweights. It proposes regulation at 

the expense of even more complex kinematics, i.e., the use of complementary 

kinematics spring counterweights. Linenko et al. [12] described a complex 

oscillation using the normal plane force linear asynchronous motor (LAM). They 

developed an adaptive LAM control system that allows the stabilization of vibration 

parameters. LAM allowed direct movement of the working body and an energy-

saving electric vibrating drive. LAM and other electric drives can force 

reciprocating motion. As mentioned in [13], linear electromagnetic transducers are 

mainly used to generate vibrations. The authors determined a mathematical model 

of the electromechanical structure with the inverse circular motion of bodies 

connected by spring bonds and stimulated by a drive coil. According to [5] 

regulated linear induction motors (LIN) are used in traction machines for transport 

during magnetic levitation. In electric drives using the reciprocating movement of 

working parts in the range of sieve vibration frequency grain cleaning machines, 

continuous change of secondary element resistance is not recommended as it leads 

to increased wear rubbing elements and increased resistance to movement. The 

screening process is related to the purification of some of the remaining ingredients 

from the previous process, for example, core granules with successive functional 

layers. The intensity of grain mixing remains on and the sieve and its proper 

selection of intensity to the required properties of the final product are of particular 

importance for the final screening product.  The mass of material remaining on the 

vibrating sieve undergoes intensive mixing. Two can be mentioned sources of 

influence that positively influence this complex process. Grains of sifted material 

lying on the sieve are subject to the force of gravity, friction, and elasticity effects 
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of the sieve or its frame, and the forces of inertia. During the vertical oscillations of 

the sieve, for every single grain in the sieve, its potential energy is converted into 

kinetic energy and vice versa. At this time, the effects of friction and deformation 

of adjacent grains they can cause time-delayed linear and rotational displacements 

relative to the screen. This movement of the grains promotes the mixing of the mass 

material remaining on the screen. There may also be delays in grain displacement 

with horizontal oscillations of the screen. Friction forces from the surface of the 

screen and deformation forces from the frame acting on the grains adjacent to them 

have the main effect on the displacements. These interactions are transferred to 

subsequent grains due to friction and deformation between them. As a result, 

additional, time-delayed resultant linear and rotational displacements of grains are 

created. Friction forces depend mainly on non-linear changes in grain velocity when 

performing relative grain displacements, and to a lesser extent from moving grains 

associated with changes in the value of the friction coefficient. The inertial forces 

are directly proportional to the changes in the velocity of the grains. Therefore, the 

mixing intensity of the screened material is proportional to the intensity of the 

change in the screening speed.  

One of the problems affecting the efficiency of screening is the clogging of the 

sieves. The more intensive movement ensures easier self-cleaning of the sieve. In 

addition, it was shown by Lawinska and Modrzewski [14] that for higher vibration 

frequencies and amplitudes, machines with vibrating screens had a lower tendency 

to clog the screen openings. Li et al. [15, 16] showed that increasing the vibration 

intensity increased the efficiency of screening materials, but at the same time 

increased the loss of materials during selection. While studying the accuracy of 

vibrating screening of materials with different properties (size and shape), Elskamp 

and Harald [17, 18] found that the horizontal particle velocity component was 

stronger than the vertical one. This ensured greater screening accuracy. Yan [19] 

described that the best screening accuracy in linear vibrators could be obtained for 

the excitation frequency in the range from 18 Hz to 20 Hz, and particle flow below 
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0.4 kg/s. Vibrating screens are characterized by the spatial, non-linear vibrating 

motion of their sieves. They have six degrees of freedom and can vibrate 

longitudinally in all three directions in space and torsionally about three mutually 

perpendicular axes. This is due to the drive system, which is designed to provide 

stimulating forces in selected directions, and the suspension system having 

susceptibility to elastic deformation for six degrees of freedom. The screens are 

driven by at least two independent drive vibrators, not mechanically synchronized 

by gears. This allows different stimulation frequencies to be used forces in 

individual drive units. For screening fine wet particles or small aperture particles 

Peng et al. [20] described a cantilever vibrating screen (CVS) with open screen 

holes, composed of cantilever sieve bars. This construction was characterized by a 

high probability of breaking through the sieve, rather than through the traditional 

sieves. The authors reported that additional vibrations appeared during the body of 

the screen movement and a smaller difference between the natural circular 

frequency and the vibration frequency can result in higher vibration amplitude of 

the screen. Multi-frequency vibrating screens can be used for sorting and additional 

(relatively effective) drying of products on the sieve, formed in the torrefaction 

process [21-23]. Li and Chen [24] reported that the granular block material can be 

quickly loosed and fully layered when entering the vibrating screen if an exciting 

system with low frequency and large amplitude is placed at the feeding end. The 

additional exciter with a high frequency and a small amplitude set near the 

discharging end acting on the granular material can lower the phenomenon of 

blocking the screen holes by such material. For the elliptical vibrating screen 

system, the compound nonlinear screening trajectories can be obtained from the 

two-times frequency vibrating synchronization system driven by three exciters. 

Vibrating screens often contained springs to influence their movement. Liu et al. 

[25] described that spring failures cause structural damage and low shielding 

performance of mining vibrating screens. Spring damages should be effectively 

diagnosed for timely maintenance to ensure the safety and reliability of screens. 



Technologia i Jakość Wyrobów 69, 2024 

72 

To perform a complex motion of the sieve, allowing better mixing of screened 

material, with the possibility of adjustment at the same time the amplitude and 

frequency of the sieve vibrations, but without interfering with the sieve resistance 

secondary circuit elements of the vibrators used, prototype screen was developed 

belonging to the group multi-frequency screens shortly characterized in the next 

chapter. By choosing the right proportions of the vertical and horizontal amplitudes 

for the vibratory motion of the screen, it is possible to obtain an optimal course of 

the screening process to limit the clogging of the screen and the assumed structure 

of the screened material with the saved energy efficiency of the screen. To 

recognize the nature of the dynamic behaviour of multi-frequency screens, it is 

necessary to conduct simulations and/or experimental research. The prototype 

multi-frequency screen was developed and utilized for the experimental studies on 

its dynamic behaviour described in the further chapter. Also, the mathematical 

model of such a prototype screen was elaborated and used for the simulations of the 

dynamics of such a screen, as described further in the article.  The article aimed to 

compare the results of the experimental and the simulation research on the dynamic 

behaviour of the developed multi-frequency vibrating screen prototype. 

2. Methods  

2.1. Prototype staggering and circulating screen 

The experimental recoiling and revolving sifter with a replaceable unit driving 

the sieve frame is mounted on a universal test stand. The angle α of inclination of 

the screen to the horizontal was equal to 15. The diagram of this stand with the 

screen is shown in Fig. 1. The screen included a discharge hopper with a gate 1, a 

sieve frame 2 suspended or supported on an elastic suspension, a container for the 

sifted through product 3, a container for the sifted out product 4, supporting 

structure 5. For the measurements, a steel wire woven sieve with a square hole size 

equal to 0.63 mm, a length of 1.2 m, and a width of 0.39 m was used. The granular 

material was fed to the sieve through the discharge hopper 1. Sifted through and 
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sifted out grain masses were collected into special containers 3 and 4, respectively, 

placed under and near the screen and weighed in controlled periods. A characteristic 

feature of this sifter was the location of the extreme vibrators (2), which 

synchronized consistently or oppositely cause the staggering movement of the sieve 

frame in the sieve plane. That movement was overlaid with the circular movement 

caused by the central vibrator (1) placed under (Fig. 2a) or above (Fig. 2b) the 

cuboidal sieve frame. These vibrators were rotary ones rotating at a certain angular 

velocity. The conditions of dynamic synchronization of individual vibration 

exciters (vibrators) were important. Extreme vibrators 2 and 3 usually run at the 

same rotational speed (consistent and opposite rotating synchronization). The 

central vibrator 1 might rotate at the same or different rotation speed than the 

extreme vibrators 2 and 3. The same rotational speed was used in the tests. An 

important feature of this machine was the ability to change the drive operation and 

obtain a smooth, even grain layer movement on the screen.  

 

 

Fig. 1. Test stand with the prototype screen; 1 - discharge hopper with a gate, 2- sieve frame 

suspended or supported on an elastic suspension, 3 - container for the sifted-through product, 4 - 

container for the sifted-out product, 5 - supporting structure. 
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Fig. 2. Positions of vibrators on the prototype screen; 1 – central vibrator, 2- left extreme vibrator, 

3 – right extreme vibrator, 4 – sieve frame, 5 – springs of  supporting structure; a) configuration with 

the central vibrator 1 under sieve frame 4; b) configuration with the central vibrator 1 above the 

sieve frame 4. 

 

There were five possible configurations of the rotational speeds of the vibrators 1, 

2, and 3 (Figure 2): 

1) 𝑤2 = 𝑤3, 𝑤1 = 0 (vibrators 2 and 3 rotating in unison with vibration 1 turned 

off), 

2) 𝑤2 = −𝑤3, 𝑤1 = 0 (vibrators 2 and 3 rotating in opposite directions with 

vibrator 1 turned off), 

3) 𝑤2 = 𝑤3 = 𝑤1 (vibrators 2 and 3 rotating in unison with vibration 1 turned on), 

4) 𝑤2 = −𝑤3 = 𝑤1 (vibrators 2 and 3 rotating in the opposite direction with 

vibrator 1 turned on), 

5) 𝑤2 = 𝑤3 = 0,𝑤1 ≠ 0 (only vibrator 1 was turned on). 
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The vibrator 1 only rotated in one direction, in the direction of the inclination of the 

screen. 

2.2. Measuring apparatus 

The measuring apparatus, the diagram of which is shown in Figure 3, consists of 

the following elements: piezoelectric sensors, an integrating circuit and a computer 

equipped with a PCL-818 HD measurement card. The sensors, under the influence 

of acceleration, generate a voltage signal, which is then sent to the integrator.  

Sensor parameters (sensitivity):  

- acceleration: 10 mV / (m/s2), 

- speed: 10 mV / (mm/s),  

- deflection: 10 mV / µm. 

The voltage signal produced by the sensors is integrated twice, as a 

result of which we obtain the value of the riddle deflection. These 

signals are collected by the measurement card and saved in a digital 

form in computer memory. 

 

Fig. 3. Measuring apparatus; PC – personal computer, IU – integrated unit, w1, w2, 

w3 – rotational speed of vibrators 1, 2, 3, respectively. 
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The measurements of sieve paths were made with the use of three sensors working 

on a common time base, which allowed us to determine the spatial image of 

vibrations. The measurement sensors were mounted on the screen in such a way 

that their measurement lines intersect within the centre of gravity of the screen. The 

mounting points of the sensors for spatial measurements are shown in Figure 4. 

After connecting the measuring system, measurements were made for several types 

of drive and variable positions of unbalanced masses on the shafts of vibrators. The 

results were saved on a computer disk. 

 

Fig. 4.  The mounting points of the sensors for spatial measurements; 1, 2, 3 – sensors, w1, w2, w3 

– rotational speed of vibrators 1, 2, 3, respectively. 

 

Based on the results of vibration path measurements, the maximum amplitudes 

were determined. Moreover, the values of the grain’s throwing coefficient marked 

by K were determined and registered. For the case of spatial vibrations, the 

determination of the coefficient K is quite specific. There is no component of the 

gravitational acceleration g in the X direction. Thus, it was assumed that the uplift 

in the direction of the X axis, which does exist, has a negligible impact on the 

dynamics of the grain movement on the sieve. Therefore, only the rip-up in the 
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direction of the Z and Y axes was considered (Fig. 5). The grain’s throwing 

coefficients in these directions were determined from equations (1) and (2): 

𝐾𝑌 =
𝑎𝑌

𝑔∙cos𝛼
=

𝐴𝑌∙𝜔2

𝑔∙cos𝛼
=

𝐴𝑌∙(2𝜋∙𝑛)2

𝑔∙cos𝛼
, (1) 

𝐾𝑍 =
𝑎𝑍

𝑔∙sin𝛼
=

𝐴𝑍∙𝜔2

𝑔∙sin𝛼
=

𝐴𝑍∙(2𝜋∙𝑛)2

𝑔∙sin𝛼
, (2) 

where: 

α - the angle of inclination of the sieve, 

n – rotational speed of vibrator [rpm], 

g = 9.81 m/s2 - gravitational acceleration, 

aY – acceleration amplitude measured in the Y direction, 

aZ – acceleration amplitude measured in the Z direction. 

The resultant grain’s throwing coefficient KR was determined from equation (3): 

𝐾𝑅 = √𝐾𝑌
2 + 𝐾𝑍

2,  (3) 

 

 

Fig. 5. The grain’s throwing directions considered during measurements. 

 

2.3. Simulations 

2.3.1. The physical model of the dynamics of the staggering and circulating 

screen 

The simulation model comprised physical model, wherein the moving sieve 

frame was treated as a rigid body with mass M and moments of inertia concerning 

the main axes Ix, Iy, and Iz. The sieve frame was suspended by a system of four 
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identical springs with vertical stiffness ky and transverse stiffnesses kx and kz. In the 

equilibrium position of the screen body, in the centre of mass So, there is a right-

handed system of x, y, and z coordinate axes. The angles of rotation of the solid 

around individual axes are marked by φx, φy, φz, respectively. The sieve frame 

suspended in this way had 6 degrees of freedom in space. The simulation has been 

realized using the stiff element method, when each part was been treated as a rigid 

finite element. The individual parts have been linked with bond contact element 

(sieve with vibrator bases), rotational joints (vibrator bases with vibrator inertials) 

or elastic joints (sieve with ground) with constant values of stiffness and damping 

(very small values to provide numerical stability of solving process). Simulation 

model of movable sieve (Figure 6) comprised the upper solid plate 1 being 

grounded. The movable plate 2 modeling sieve frame was hanged on the four spring 

3 linked to the plate 1. The bases B1, B2, and B3 of vibrators were bonded to the 

movable plate 2. The axes A1, A2, A3 were linked virtually to the base of vibrators, 

respectively. Inertials I1, I2, and I3 were joined rotationally with axes A1, A2, A3 

with the same eccentricity relative to these corresponding axes and cannot move 

along the axes. Rotational speed of inertials relative to the corresponding axes have 

values according to the case of compared experimental cases. The spring 3 were 

characterized by stiffness and damping coefficient with directional component 

values according to the axes X, Y and Z.  

 

2.3.2. The mathematical model of the staggering and circulating screen 

The simulation model comprised also the mathematical model of movable sieve 

comprising the system of equations describing the free vibrations of the modelled 

system was determined. The vector   of displacements of the sieve frame was 

determined from equation (4): 

𝒔 = {𝑥, 𝜑𝑥, 𝑦, 𝜑𝑦, 𝑧, 𝜑𝑧}
𝑇
,  (4) 

where the symbol T denoted vector transposition operator.  
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The inertia matrix 𝑩 of the considered system was in the form (5): 

𝑩 =

[
 
 
 
 
 
 
𝑀 0

𝐼𝑥
𝑀

𝐼𝑦
𝑀

0 𝐼𝑧 ]
 
 
 
 
 
 

,  (5) 

The elasticity matrix 𝑲of the system had coefficients determined, for example, 

experimentally or using the finite element method for the modelled system. 

The system of six equations of free motion of the sieve frame based on Newton's 

second law of dynamics in the matrix notation had the form  (6):  

𝑩 ∙ �̈� + 𝑲 ∙ 𝒔 = 𝟎, (6) 

Equation (6) was a homogeneous equation that was part of the full equation of 

motion of the system under consideration. To determine the elasticity matrix 

𝑲coefficients in equation (6), the sieve frame was deflected from the equilibrium 

position, giving it successively displacements following the positive returns of the 

individual six degrees of freedom. The positions of the body after a deflection from 

the equilibrium position are marked in Figure 6 with a dotted line.  

 

 

Fig. 6.  The positions of the sieve frame at and after a deflection from the equilibrium position 
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Each deflection of the solid from the equilibrium position was accompanied by 

the appearance of reactive forces in the elastic elements of the system. These forces 

and their moments, through the elements of the system's elasticity matrix 𝑲in 

equation (6), were dependent on the respective deflections. The elasticity 

coefficients can be estimated by knowing the elasticity constants of the elastic 

elements supporting the screen body. By modelling the sieve frame as a set of finite 

elements of the SOLID type with very high stiffness, suspended on bars treated as 

flexible elements of the LINK type connected to this cuboid and the ground through 

nodes / spherical joints with six degrees of freedom, it was possible to determine 

the eigenfrequencies αi of the system in the directions consistent with the modal 

analysis using the finite element method. The stiffness coefficients are determined 

from the relationship (7): 

𝐾𝑖 = {
𝑚𝑖𝛼𝑖

2   𝑓𝑜𝑟 𝑖 = 𝑥, 𝑦, 𝑧

𝐼𝑖𝛼𝑖
2   𝑓𝑜𝑟 𝑖 = 𝜑𝑥, 𝜑𝑦, 𝜑𝑧

, (7) 

The movement of the screen was forced due to the operation of inertial vibrators 

driven by electric motors, generating centrifugal forces forcing component 

oscillatory movements. The vector𝑷 of forces and moments of exciting forces 

acting on the considered dynamic system had the form (8). 

𝑷 = {𝑃𝑥, 𝑀𝑥, 𝑃𝑦, 𝑀𝑦, 𝑃𝑧 , 𝑀𝑧}
𝑇
, (8) 

The system of complete equations of the forced motion of the sieve frame had the 

form (9): 

𝑩 ∙ �̈� + 𝑲 ∙ 𝒔 = 𝑷, (9) 

The expanded version of the system of complete equations of motion had the form 

(10): 

𝑀�̈� + 𝐾𝑥𝑥 − 𝐾𝑥𝑎𝑥𝜑𝑧 = 𝐹𝑥2 + 𝐹𝑥3, 

𝐽𝑥𝜑�̈� + 𝐾𝑦𝑏1
2𝜑𝑥 + 𝐾𝑧𝑎0

2𝜑𝑥 + 𝐾𝑧𝑎0𝑧 = −𝐹𝑧1 ∙ ℎ1+𝐹𝑧2 ∙ 2+𝐹𝑧3 ∙ 3 

𝑀�̈� + 𝐾𝑦𝑦 = 𝐹𝑦1 + 𝐹𝑦2 + 𝐹𝑦3, 𝐽𝑦𝜑�̈� + 𝐾𝑥(𝑏0
2 + 𝑏1

2)𝜑𝑦 = −𝐹𝑥2 ∙ 𝑤2+𝐹𝑥3 ∙ 𝑤3 

𝑀�̈� + 𝐾𝑧𝑧 + 𝐾𝑧𝑎0𝜑𝑥 = 𝐹𝑧1 + 𝐹𝑧2 + 𝐹𝑧3, 
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𝐽𝑧𝜑�̈� + 𝐾𝑦𝑏0
2𝜑𝑧 + 𝐾𝑥𝑎0

2𝜑𝑧 + 𝐾𝑥𝑎0𝑥 = −𝐹𝑥2 ∙ 2 − 𝐹𝑥3 ∙ 3, (10) 

The dimensions a0, b0, b1, 2, 3, h1, h2, w2 and w3 were shown in Figure 7. The 

system of equations of motion was described by the relationship (11): 

𝑀�̈� + 𝐾𝑥𝑥 − 𝐾𝑥𝑎0𝜑𝑧 = 𝑚2𝜌2𝜔2
2 ∙ cos𝜔2𝑡 +𝑚3𝜌3𝜔3

2 ∙ cos𝜔3𝑡 

𝐼𝑥𝜑�̈� + 𝐾𝑦𝑏1
2𝜑𝑥 + 𝐾𝑧𝑎0

2𝜑𝑥 + 𝐾𝑧𝑎0𝑧

= ℎ1𝑚1𝜌1𝜔1
2 cos𝜔1𝑡 +2𝑚2𝜌2𝜔2

2 sin𝜔2𝑡 − 3𝑚3𝜌3𝜔3
2 sin𝜔3𝑡 

𝑀�̈� + 𝐾𝑦𝑦 = 𝑚1𝜌1𝜔1
2 sin𝜔1𝑡 + 𝑚2𝜌2𝜔2

2 sin𝜔2𝑡 + 𝑚3𝜌3𝜔3
2 sin𝜔3𝑡 

𝐽𝑦𝜑𝑦 + 𝐾𝑥(𝑏0
2 + 𝑏1

2)𝜑𝑦 = −𝑤2𝑚2𝜌2𝜔2
2 cos𝜔2𝑡 + 𝑤3𝑚3𝜌3

2 cos𝜔3𝑡 

𝑀�̈� + 𝐾𝑧𝑧 + 𝐾𝑧𝑎0𝜑𝑥 = 𝑚1𝜌1𝜔1
2 cos𝜔1𝑡, 

𝐽𝑧𝜑�̈� + 𝐾𝑦𝑏0
2𝜑𝑧 + 𝐾𝑥𝑎0

2𝜑𝑧 − 𝐾𝑥𝑎0𝑥 = ℎ2𝑚2𝜌2𝜔2
2 cos𝜔2𝑡 + 3𝑚3𝜌3𝜔3

2 cos𝜔3𝑡  

(11) 

Equation (11) presented a system of six ordinary differential equations with 

constant non-homogeneous coefficients. The solution allowed for the determination 

of the kinematic parameters of the screen movement. The solution of such a system 

of differential equations was obtained numerically.  

2.2.3 The grain's throwing coefficient 

The solution of the screen motion equations allowed for the analytical 

determination of the grain's throwing coefficient. That coefficient was used to 

determine the ratio of the maximum inertia force acting in a given direction on a 

mass element to the component of the gravity force of this element in the same 

direction for various directions of displacement. After considering the inclination 

angle of the screen (angle n in Fig. 5), the grain's throwing coefficient calculated 

during simulation generally marked as W accepted the specific marks: 

- Wn (12) for direction "n" normal to the sieve surface (Figure 8):  

𝑊𝑛 =
(𝑃𝑏𝑛)𝑚𝑎𝑥

𝐺𝑛
=

(𝑎𝑛)𝑚𝑎𝑥

𝑔𝑛
=

(
𝑑2𝑦

𝑑𝑡2
)
𝑚𝑎𝑥

𝑐𝑜𝑠𝛼+(
𝑑2𝑧

𝑑𝑡2
)
𝑚𝑎𝑥

𝑠𝑖𝑛𝛼

𝑔𝑐𝑜𝑠𝛼
, (12) 
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Fig. 8.  The grain’s throwing directions considered during the simulation. 

 

 

Fig. 7. The characteristic dimensions for the mathematical model of the oscillating sieve frame. 
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- Wt (13) for the tangential direction "t" to the sieve surface (Figure 8): 

𝑊𝑡 =
(𝑃𝑏𝑡)𝑚𝑎𝑥

𝐺𝑡
=

(𝑎𝑡)𝑚𝑎𝑥

𝑔𝑡
=

(
𝑑2𝑦

𝑑𝑡2
)
𝑚𝑎𝑥

𝑠𝑖𝑛𝛼+(
𝑑2𝑧

𝑑𝑡2
)
𝑚𝑎𝑥

𝑐𝑜𝑠𝛼

𝑔𝑠𝑖𝑛𝛼
, (13) 

3. Results and Discussion 

3.1. Trajectories 

The exemplary trajectories of the sieve frame centre of the gravity in individual 

planes of the reference system for the tested cases of excitation force generated by 

vibrators with the parameters including masses of the vibrator inertials 

m1=m2=m3=0.2 kg, and distances of the vibrator inertials from vibrator rotor axes 

1=2=3=0.07 m, and with the configuration of the rotational speed, where their 

modules were equal to |𝑤1| = |𝑤2| = |𝑤3|=146 rad/s  were shown in Figures: 

9a – obtained from the experiment,  9b – obtained from simulation, for 

Configuration 1 of vibrator rotational speeds:  𝑤2 = 𝑤3, 𝑤1 = 0, 

10a  - obtained from the experiment,  10b – obtained from simulation, for 

Configuration 2 of vibrator rotational speeds: 𝑤2 = −𝑤3, 𝑤1 = 0, 

11a  - obtained from the experiment,  11b – obtained from simulation, for 

Configuration 3 of vibrator rotational speeds: 𝑤2 = 𝑤3 = 𝑤1, 

12a  - obtained from the experiment,  12b – obtained from simulation, for 

Configuration 4 of vibrator rotational speeds: 𝑤2 = −𝑤3 = 𝑤1, 

13a  - obtained from the experiment,  13b – obtained from simulation, for 

Configuration 5 of vibrator rotational speeds: 𝑤2 = 𝑤3 = 0,𝑤1 ≠ 0. 

For each Configuration, Figures contained trajectories obtained in XZ plane, 

YZ plane and XY plane, placed from top to the bottom. 

The obtained from experiment amplitudes AX, AY, and AZ of oscillations of 

the sieve frame centre of the gravity in directions of axes x, y, z, respectively, were 

shown in Table 1.  
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Tab. 1. Amplitudes of oscillations obtained from measurements. 

Configuration number AX [mm] AY [mm] AZ [mm] 

1 0.868±0.046 0.452±0.046 0.750±0.346 

2 0.930±0.005 0.930±0.001 0.187±0.059 

3 0.853±0.051 0.225±0.085 0.443±0.196 

4 0.850±0.075 0.512±0.008 0.382±0.267 

5 0.243±0.055 0.492±0.019 0.687±0.092 

 

For all configurations of vibrator rotational speeds, all oscillation amplitudes were 

below 1. The highest values of the AX and AY amplitudes occurred for 

Configuration 2, and of the AZ amplitude for Configuration 1. The lowest value of 

the AX amplitude was obtained for Configuration 5, the AY amplitude for 

Configuration 3 and the AZ amplitude for Configuration 2. For the configurations 

from 1 to 4 the AX amplitudes were greater than the other ones. For Configuration 

1 of vibrator rotational speed the amplitude of oscillating motion in the Y direction 

obtained from the experiment was 5-10% higher compared to that from the 

simulation. The amplitude of oscillations in the X direction obtained from the 

experiment was up to 10 % higher than that from the simulation. The greatest 

differences between amplitudes of oscillation obtained from measurement and 

simulation were observed for the Z direction. It could be caused by the non-

symmetric distribution of mass and elasticity parameters relative to the XY 

symmetry plane of the real riddle. The inclination of the nearly elliptical shape of 

the trajectory measured for the centre of gravity of the real riddle could point to the 

occurrence of damping in the XZ plane. The irregular shapes of trajectories 

obtained from the simulation pointed out the important role of initial conditions. 

The shapes of movements in the XY and YZ planes, and to a lesser extent in the 
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XZ plane, obtained from the measurement, are close to an ellipse and contribute to 

good segregation of the granular layer on the screen. 

a) b) 

  

  

  

Fig. 9. Trajectories  of the sieve frame center of the gravity for Configuration 1 of vibrator 

rotational speed; a) obtained from experiment; b) obtained from simulation. 
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However, the simulation results only indicate the possibility of intensive mixing of 

grains in the XZ plane. 

a) b) 

  

  

  

Fig. 10.  Trajectories  of the sieve frame center of the gravity for Configuration 2 of vibrator 

rotational speed; a) obtained from experiment; b) obtained from simulation. 
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For Configuration 2 of vibrator rotational speeds, the amplitude of oscillations 

in the X direction obtained from the experiment was about 10 % higher than that 

from the simulation. The differences between amplitudes of oscillation obtained 

from measurement and simulation observed both for the Y and Z directions were 

even lower. For the Z direction, such differences were greater. It also could be 

caused by the non-symmetric distribution of mass and elasticity parameters relative 

to the XY symmetry plane of the real riddle and relative to the ZX one, however to 

a smaller extent. The irregular shapes of trajectories obtained from the simulation 

pointed out the important role of initial conditions. Ellipse-like shapes of 

movements in the XY and XZ planes obtained from the experiment are narrower 

than in the previous case, which is why there may be a much lower intensity of 

granular layer segregation on the sieve. The results of the simulation indicate also 

a possibility of such segregation. 

a) b) 
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For Configuration 3 of vibrator rotational speeds, the amplitudes of oscillations in 

the X direction obtained from the experiment were about 20 % lower than that from 

the simulation. In the Y direction, the amplitudes of oscillations obtained from the 

experiment were lower by 10-30 % compared to that from the simulation. In the Z 

direction, the amplitudes of oscillations were 10-20% lower than those from the 

simulation. It also could result from the non-symmetric distribution of mass and 

elasticity parameters relative to the XY symmetry plane of the real riddle and 

relative to the ZX one. The inclination of the nearly elliptical shape of the trajectory 

measured for the centre of gravity of the real riddle could point to the occurrence 

of damping in the XZ plane. Also here, the irregular shapes of trajectories obtained 

from the simulation pointed out the important role of initial conditions.  

  

  

Fig. 11.  Trajectories  of the sieve frame center of the gravity for Configuration 3 of vibrator 

rotational speed; a) obtained from experiment; b) obtained from simulation 
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a) b) 

  

  

  

Fig. 12.  Trajectories  of the sieve frame center of the gravity for Configuration 4 of vibrator 

rotational speed; a) obtained from experiment; b) obtained from simulation. 
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Similarly, to the case of Configuration 1 of vibrator rotational speeds, the shapes 

of movements in the XY and YZ planes, and the XZ plane, obtained from the 

measurement, are close to an ellipse and contribute to good segregation of the 

granular layer on the screen. However, the obtained ellipses in XY and YZ planes 

were narrower. The resulting trajectories obtained from simulation also indicate the 

possibility of good segregation of the granular layer on the screen, however to less 

extent than those from an experiment. For Configuration 4 of vibrator rotational 

speeds, the amplitudes of oscillations in the X direction obtained from the 

experiment were 5-10 % higher than those from the simulation. In the Y direction, 

the amplitudes of oscillations obtained from the experiment were 5-30% lower 

compared to those from the simulation. Interestingly, the bias of the measured 

oscillations of the real riddle existed in the Y direction.  In the Z direction, the 

amplitudes of oscillations were up to 20% higher than those from the simulation. It 

also could result from the non-symmetric distribution of mass and elasticity 

parameters relative to the XY symmetry plane of the real riddle and relative to the 

ZX one. The inclination of the nearly elliptical shape of the trajectory measured for 

the center of gravity of the real riddle could point to the occurrence of damping in 

the XZ plane, and a much smaller extent in two other planes. Once again, the 

irregular shapes of trajectories obtained from the simulation pointed out the 

important role of initial conditions. Similarly, to the case of Configuration 1 of 

vibrator rotational speeds, the shapes of movements in the XY and YZ planes, and 

to a less extent in the XZ plane, obtained from the measurement, are close to an 

ellipse and contribute to good segregation of the granular layer on the screen. 

However, the obtained ellipses in XY and YZ planes were narrower. The resulting 

trajectories obtained from simulation also indicate the possibility of good 

segregation of the granular layer on the screen, however to less extent than those 

from an experiment. For Configuration 5 of vibrator rotational speeds, the 

amplitude of oscillating motion in the Y direction obtained from the experiment 

was up to 10% higher compared to that from the simulation. The amplitude of 
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oscillations in the X direction obtained from the experiment was about 30 % higher 

than that from the simulation. The differences between amplitudes of oscillations 

obtained from measurement and simulation were observed for the Z direction were 

up to 20%. It could be caused by the non-symmetric distribution of mass and 

elasticity parameters relative to the XY symmetry plane of the real riddle.  

Interestingly, the bias of the measured oscillations of the real sieve existed in all 

axes directions. Also here, the irregular shapes of trajectories obtained from the 

simulation emphasized the important role of initial conditions. Ellipse-like shapes 

of movements in the XY and YZ planes obtained from the experiment are narrower 

than in the case of Configuration 1 of vibrator rotational speeds, which is why there 

may be a much lower intensity of granular layer segregation on the sieve. The 

results of the simulation indicated the possibility of an intensive mixing of mixing 

the granular layer on the sieve only in the YZ plane. 

a) b) 
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3.2 The grain's throwing coefficient 

The values obtained from the experiment for the grain’s throwing coefficients 

KY and KZ for the consecutive configurations of vibrator rotational speeds were 

shown in Table 2. The values obtained from the simulation for the grain’s throwing 

coefficients Wt and Wn for the mentioned configurations of rotational speeds were 

presented in Table 3. All values of such coefficients were obtained for the angle α 

of the sieve inclination equal to 15.  

 

 

  

  

Fig. 13. Trajectories of the sieve frame center of the gravity for Configuration 5 of vibrator rotational 

speed; a) obtained from experiment; b) obtained from simulation 
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Tab. 2. The values obtained from the experiment for grain’s throwing coefficients KY and 

KZ 

Configuration number KY [-] KZ  [-] 

1 1.023 ± 0.103 6.346 ± 2.933 

2 2.110 ± 0.001 1.580 ± 0.501 

3 0.510 ± 0.190 3.763 ± 1.651 

4 1.163 ± 0.015 3.233 ± 2.255 

5 1.117 ± 0.042 5.810 ± 0.787 

The resulting values of the grain's throwing coefficient KY obtained from the 

experiment were below 1 for Configuration 3 of vibrator rotational speed, which 

practically meant no detachment of the granular product from the sieve. That could 

sometimes also occur for Configuration 1. The maximal values of such a coefficient 

occurred for Configuration 2. The resulting values of the grain's throwing 

coefficient KZ were above 1 for all configurations of vibrator rotational speeds 

considered during experiments. The highest values occurred for Configuration 1, 

and the lowest ones for Configuration 2. The values of the resultant grain's throwing 

coefficient  KR were above 3 in all experimental cases, which indicated a high 

possibility of ensuring the toss of the granular mass on the sieve, which is 

favourable from the point of view of mixing the sieved mass [20, 26].  

 

Table 3. The values obtained from simulation for grain’s throwing coefficients Wn and Wt 

Configuration number 
Wn 

[-] 

Wt 

[-] 

1 1.04 6.21 

2 1.14 4.83 

3 2.06 9.45 

4 1.78 5.47 

5 1.35 5.04 

 

The resulting values of the grain's throwing coefficient Wn obtained from the 

simulation were above 1 for all configurations of vibrator rotational speeds, which 

practically provided a detachment of the granular mass from the sieve. The maximal 

values of such a coefficient occurred for Configuration 3. Also for Configuration 1, 
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it was obtained high values of the coefficient Wn, were greater by up to 80% 

compared to the other configurations. The resulting values of the grain's throwing 

coefficient Wt were above 1 for all configurations analyzed during simulations. The 

highest values occurred for Configuration 3, and the lowest ones for Configuration 

2. The values of the resultant grain's throwing coefficient WR calculated from 

simulation were above 3 for all analyzed configurations, which also indicated good 

possibilities of ensuring the toss of the granular product on the sieve, which is 

favourable from the point of view of mixing the sieved mass [20, 26]. 

There has been a considerable amount of research into improving the efficiency 

and capacity of vibrating screens. In one study [27], a 3D model of a vibratory 

screen was created and a multi-body dynamic simulation was used to determine the 

basic operating parameters of the screen. The results of the simulation were the 

subject of verification by experiment. According to the literature, it is a common 

practice to optimize the vibration parameters of a vibratory screen by means of 

simulation. The results of simulation can provide a theoretical basis for the 

optimization of the parameters of the working conditions of vibrating screens, such 

as those with variable rectangular hole screens [28] or those with kneading devices 

[29]. 

4. Conclusions 

Based on the results obtained from experiments and simulations some conclusions 

can be formulated.  

1. The reeling and circulating sifter provided an interesting device to ensure 

intensive on-sieve mixing of the screened granular mass.  

2. For a fixed value of the sieve inclination angle close to 15 the obtained values 

of the resultant grain’s throwing coefficient, obtained both from the experiment and 

the simulation, indicate the detachment of the granular mass from the sieve, which 

is favourable from the point of view of the sieving process.  
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3. For the configuration of vibrator rotational speeds of 𝑤2 = 𝑤3 and 𝑤1 ≠ 0, and 

more seldom for that of 𝑤2 = 𝑤3 and 𝑤1 = 0 no detachment of the granular mass 

from the sieve can occur.  

4. The elliptical or close to elliptical shapes of movements in the XY and YZ planes, 

and in the XZ plane, obtained from the measurement, contribute to good 

segregation of the granular layer on the screen, especially for the configurations of 

the vibrator rotational speeds including that of 𝑤2 = 𝑤3 and 𝑤1 = 0, that of 𝑤2 =

−𝑤3 and 𝑤1 = 0, and that of 𝑤2 = 𝑤3 and 𝑤1 ≠ 0. 

5. The visible differences between trajectories of the centre of gravity of the 

vibrating sieve obtained from the experiment and simulation could result from the 

non-symmetric distribution of mass and elasticity parameters relative to the XY 

symmetry plane of the real vibrating sieve. Also, vibrators could be mounted non 

exactly symmetrically against such a plane. Their weights could also be not 

precisely symmetrically distributed causing temporary nonsymmetrical or non-

antisymmetric character of excitations relative to the XY symmetry plane.  6.For 

rotational speed configurations with 𝑤2 = −𝑤3 enabling reverse synchronization 

of external vibrators and for a fixed sieve inclination angle, by controlling the 

rotational speed w1 of the central vibrator, distances of its inertials from vibrator 

rotor axis 1, and their mass m1, it is possible to obtain the desired trajectories of 

screened product grains recommended for processes carried out with the use of 

specialized machines, for example, gutter pelletizers. 

 

Part of this research was funded by the state budget under the subsidy of the 

Ministry of Science and Higher Education Republic of Poland (No. 

00/BCS/08/00/1/3/0284). The study presented in this paper was carried out as part 
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