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 Abstract 
 Introduction.  The objective of this research is to study the patterns 

of the rheological and physicochemical characteristics of reduced fat 
sour cream enriched with whey protein concentrates in the presence of 
mono- and polysaccharides. 

Materials and methods. The study examined samples of 10% fat 
sour cream enriched with whey protein concentrate obtained by 
ultrafiltration, and hydrolyzed concentrate of demineralized whey in 
the presence of mono- and polysaccharides. Viscosity characteristics 
were determined using a rotational rheometer "Kinexus Pro+"; water 
activity was determined using an analyzer "HygroLab2".  

Results and discussion. Whey protein concentrate and hydrolyzed 
concentrate of demineralized whey are technologically active 
ingredients that enhance the rheological characteristics of sour cream 
with a fat content of 10% and its capacity to retain moisture. Prolonged 
heat treatment of cream before fermentation at 95–98 °C for 3 h has a 
significant impact on the physicochemical and viscosity characteristics 
of 10% fat sour cream due to the thermal denaturation of whey 
proteins. The incorporation of monosaccharides in the hydrolyzed 
concentrate of demineralized whey, coupled with the introduction of a 
glucose-fructose syrup into reduced fat sour cream, has been observed 
to diminish its structuring and thixotropic potential, along with its 
water activity. The addition of 0.5% guar gum resulted in a notable 
enhancement in the rheological parameters, reaching their maximum 
values. The effective viscosity was observed to be 127.209 Pa·s at a 
shear rate gradient of 0.1 s–1, while the degree of structure recovery 
during the reverse sweep reached 23.23%.  The compatibility of oat β-
glucan at a concentration of 0.5% in the presence of 1% whey protein 
concentrate in reduced fat sour cream was found to be incompatible, 
as evidenced by an abnormal deterioration of its rheological and 
physicochemical characteristics. This phenomenon may be attributed 
to the inhibition of the cream fermentation process at the selected 
concentration of the polysaccharide or the partial destruction of β-
glucan during the homogenization of cream prior to fermentation, 
which results in the formation of a mobile layer of a colloidal solution 
of this polysaccharide between protein macromolecules.  

Conclusions. The present study has established the regularities of 
changes in the structural-mechanical and physicochemical parameters 
of reduced fat sour cream enriched with whey proteins in the presence 
of monosaccharides and polysaccharides of different origin. 
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Introduction 
 
Sour cream is produced through the fermentation of cream with varying fat content. The 

physicochemical and rheological characteristics of sour cream differ significantly depending 
on the fat content, with notable changes in consistency. In particular, the consistency 
transitions from viscous and homogeneous to structured with a near complete loss of fluidity 
(Meunier-Goddik, 2012). A specific feature of the rheological characteristics of sour cream 
is that it exhibits a viscosity anomaly that depends on the velocity and temperature gradient  
(Seo, 2022).  Reduced fat sour cream with a fat content of 10% differs from full-fat types in 
terms of its liquid consistency, high acidity, and satisfactory moisture retention (Odnorog et 
al., 2018). To enhance the physicochemical attributes of reduced fat sour cream, moisture-
binding structuring ingredients derived from non-dairy sources, such as carrageenan, guar 
gum, modified starches, and cellulose derivatives, are frequently employed (Meunier-
Goddik, 2012).  Danylenko et al. (2020) proposed the addition of 0.01–0.03% dry banana 
puree to the sour cream composition as a mean of enhancing its rheological characteristics. 
However, the most appropriate solution is the incorporation of dairy ingredients, specifically 
whey protein concentrates, into natural reduced fat sour cream. The addition of protein 
concentrates can enhance the consistency and moisture retention capacity of fermented dairy 
products, while also increasing their biological value (Luck et al., 2013; Seo et al., 2023).  

The role of protein in the formation of the structure of low-fat sour cream with a fat 
content of 10 to 15% is of primary importance. As reported by Narvhus et al. (2019), an 
acidic protein gel, comprising casein and denatured whey proteins, forms a structured matrix 
that incorporates fat globules. It was observed that as the fat content exceeds 20%, acid gels 
contain a reduced proportion of coagulated free protein. In fermented cream with a fat content 
of 35%, the structural network is comprised almost entirely of aggregated fat globules 
covered with protein. It can be reasonably deduced that milk protein in the concentrates will 
have a significant impact on the physicochemical and rheological characteristics of reduced 
fat sour cream.  

Appliction of  whey proteins in different food technologies is well known (Ivanov et 
al., 2021; Kochubei-Lytvynenko et al., 2022, 2023; Wang et al., 2024). The results of 
previous studies have demonstrated the feasibility of utilizing whey protein concentrate 
(WPC) and hydrolyzed concentrate of demineralized whey (HCDW) in sour cream with a fat 
content of 10% (Mykhalevych et al., 2022). Furthermore, no research has been conducted 
into the impact of different heat treatment methods applied to cream prior to fermentation. 
Additionally, the role of whey protein concentrates, including their potential combined use 
with mono- and polysaccharides, in influencing the formation of structural, mechanical, and 
physicochemical characteristics in reduced fat sour cream remains undetermined.  

The aim of the study was to identify the patterns of formation of rheological and 
physicochemical characteristics of 10% fat sour cream enriched with whey protein 
concentrates in the presence of mono- and polysaccharides. 

 
 
  
Materials and methods 
  
Raw materials 
 
Samples of sour cream with a fat content of 10% of the following composition were 

studied:  
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- control (sour cream without additives); 
- sample 1 (baked sour cream); 
- sample 2 - sour cream with hydrolyzed concentrate of demineralized whey (HCDW); 
- sample 3 - sour cream with whey protein concentrate (WPC); 
- sample 4 - sour cream with whey protein concentrate (WPC) and β-glucan; 
- sample 5 - sour cream with whey protein concentrate (WPC) and glucose-fructose 

syrup (GFS); 
- sample 6 - sour cream with whey protein concentrate (WPC) and guar gum. 
The following is a description of the reasons to select the samples under study.  
Sample 1 is of scientific interest with regard to the investigation of the impact of 

prolonged high-temperature cream processing on the viscosity characteristics of baked sour 
cream, which is distinguished by a creamy color and a pleasant flavor resulting from the 
Maillard reaction (Lohinova and Petrusha, 2024; Xiang et al., 2021).  

Samples 2 and 3 were selected based on the findings of previous studies (Mykhalevych 
et al., 2022), which identified the most promising milk-protein concentrates (WPC and 
HCDW) for the enrichment of reduced fat sour cream. These concentrates were found to 
enhance the biological value of the product and improve its consumer characteristics. 
However, further in-depth study is required to fully understand these effects.  

Samples 4–6 were created because protein-enriched reduced fat sour cream is also 
intended to be used in the production of structured dessert sour cream products. Therefore, it 
is advisable to study the combined effect of milk protein concentrates (for example, WPC), 
monosaccharides (glucose-fructose syrup) and polysaccharides (β-glucan and guar gum) on 
the structural, mechanical, and physicochemical properties of the samples.   

 
Samples preparation 
 
A control sample of sour cream with a fat content of 10% was obtained from normalized 

cream, which was prehomogenized at 10 MPa and a temperature of 60–65 °C using a 
laboratory homogenizer-disperser model 15M–8TA "Lab Homogenizer & Sub-Micron 
Disperser" (GAULIN CORPORATION, Massachusetts, USA), pasteurized at 85–90 °C for 
5 min and cooled to an inoculation temperature of 28–32 °C. An activated starter preparation 
(TM "Vivo", Ukraine) containing Lactococcus lactis, Lactococcus cremoris, Lactococcus 
diacetylactis, and Streptococcus thermophilus was used for cream incubation.   

The duration of fermentation was 7–8 hours to pH 4.6. The fermented samples were 
cooled to 4±2 °C, matured for 24 hours, and stored at the same temperature for 5 days. 

To prepare the experimental sour cream, the protein concentrates and carbohydrate-
containing ingredients were pre-hydrated or dissolved in cream at a ratio of 1:10 in cream 
heated to 40 °C and then added to the remaining cream with subsequent stirring. The resulting 
mixes were subjected to mechanical and heat treatment as described for the control sample. 

In order to obtain baked sour cream, the cream was preliminarily subjected to a 
prolonged heat treatment (180 min at 96±1 °C) to produce a creamy brown color, a 
characteristic nutty taste and a pronounced aroma in the sample (Mandiuk et al., 2024).   

The following milk protein ingredients were selected:  
 whey protein concentrate obtained by ultrafiltration (WPC) (composition: solids - 94%, 

protein - 80%, carbohydrates - 7%, fat - 7%); 
 hydrolyzed concentrate of demineralized whey (HCDW) with a solids content of 40% 

(degree of lactose hydrolysis not less than 85%). It was obtained through the 
reconstitution in water of demineralized whey powder with a demineralization level of 
90% (ash - no more than 2.5%, lactose - no less than 79%, and protein content - no less 



8      ───Ukrainian Journal of Food Science.  2024.  Volume 12. Issue 1 ───  

than 10.7% in terms of solids), in accordance with the developed technology (Osmak et 
al., 2021).  
For the hydrolysis of lactose in the 40% whey concentrate, the following preparations 

were employed: 
 a liquid preparation of β-D-galactosidase-hydrolase "GODO-YNL2" (Danisco, 

Denmark) with a recommended dosage of 100 g of the preparation per 100 liters; 
 the single-strain lyophilized starter "L. acidophilus LYO 50 DCU-S" (Danisco, 

Denmark) at a recommended dosage of 5 g of the preparation per 100 liters of milk.   
At a specified degree of lactose hydrolysis (at least 85%), the demineralized whey 

concentrate contains approximately 26.2% monosaccharides, 4.6% lactose, and 10.7% 
protein. Therefore, together with 30% of the concentrate, 7.86% of the monosaccharides, 
1.38% of the lactose and 3.21% of the protein are added to the sour cream.  

The contents of WPC and hydrolyzed whey concentrate in the samples were 1.0% and 
30.0%, respectively, according to the recommendations of Mykhalevych et al. (2022), 
resulting in a total protein content of 3.38% and 3.22% (the control sample of sour cream had 
a protein content of 2.6%). 

The following natural monosaccharides and polysaccharides were utilized: β-glucan 
extracted from oats (Shanxi, China,) and guar gum (Neelkanth Polymers, India) in the amount 
of 0.5%, as well as glucose-fructose syrup GFS-42 (Intercorn Corn Processing Industry, 
Ukraine) in the amount of 12.1%. The selected con tent of GFS-42 (at least 65% 
monosaccharides) contributes at least 7.8% of monosaccharides to the sour cream, which is 
comparable to the amount of monosaccharides in the hydrolyzed whey concentrate added to 
the sour cream.  

Polysaccharide concentration was chosen according to generally accepted 
recommendations (Seo, 2022).   

 
Experimental procedure 
 

The effective viscosity and water activity were determined in the prepared samples of 
sour cream of different chemical composition after aging for 24 h at 4±2 °C. The degree of 
syneresis was determined within 5 days. 

 
Research method 
 

The acidity of the fermented sour cream samples was determined by the potentiometric 
method using a laboratory analyzer pH/MV/ISE/Temp ADWA AD1200 ATC.   

Water activity (Aw) in sour cream samples was determined using a water activity 
analyzer "HygroLab2" (Rotronic, Switzerland) at 20 °C. The instrument was pre-calibrated 
with a special humidity standard (95% HR).  Water activity, with a measurement accuracy 
of ± 0.001 Aw units, was expressed as values from 0.00 to 1.00 Aw (0–100% rh). 

The viscosity of sour cream samples was measured using a rotational rheometer 
Kinexus Pro+ (Malvern Instruments Ltd, United Kingdom). The upper geometry C25 DIN 
L0142 SS (cylinder) and the lower geometry PC25 DIN C0350 AL were chosen for the study. 
Before measuring the rheological properties, the sour cream samples were heated to the 
temperature of product consumption (10 °C) and gently mixed for 30 s. The samples were 
placed in a cylinder, the upper geometry was lowered, they were kept for 5 minutes and 
viscosity curves were determined for forward and reverse sweep at changes in shear rate from 
0.1 to 400 s–1 and from 400 to 0.1 s–1. The degree of recovery of the structure of the sour 
cream samples was calculated as a percentage of the effective viscosity at the end of the 
measurement at a shear rate gradient of γ = 0.1 s–1 (reverse sweep), taking the effective 
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viscosity of the practically intact structure at the beginning of the measurement (γ = 0.1 s–1) 
as 100%. 

The syneresis of sour cream clots was determined by centrifuging calibrated tubes 
containing mixed samples of 25 cm³ for 20 min at 1000 rpm and 20 °C using a laboratory 
centrifuge Sigma 2-6E (Germany). The volume of whey separated was expressed in cm3 per 
100 g of product (Polischuk et al., 2020). Samples were analyzed after ripening and on 1st, 
3rd and 5th days of storage. 

 
Statistical processing 
 

All results with 3–5 times replication were statistically processed using the software 
Statistika 10. Diagrams were created in Microsoft Excel 2016. 

 
 
Results and discussion 
 
Study of the viscosity characteristics of sour cream  
 
The effective viscosity of sour cream samples was measured in the range of changes in 

the shear rate gradient during the forward stroke, from the minimum value (γ = 0.1 s⁻¹) to the 
maximum value (γ = 400 s⁻¹). The samples were held under these conditions until the steady-
state viscosity of the maximally destroyed structure was reached. Subsequently, the viscosity 
of the samples was measured during the reverse stroke, wherein the shear rate gradient was 
reduced from maximum to minimum values. 

The effective viscosity of the samples in the most dynamic range of changes in the shear 
rate gradient (γ = 0.1–10 s–1), as well as at the maximum (γ = 400 s–1) and minimum shear 
rates (γ = 0.1 s–1) at the end of the measurement are presented in Table 1. 

 
Table 1 

Effective viscosity of sour cream samples at a variable shear rate gradient (Pa·s) 
 

Samples 

Shear rate gradient, γ, s–1 
0.1 

(forward 
sweep) 

1 
(forward 
sweep) 

10 
(forward 
sweep) 

400 
 

0.1 
(reverse 
sweep) 

Control 89.981 
±2.924 

5.609 
±0.133 

2.402 
±0.102 

0.117 
±0.001 

16.940 
±1.503 

Sample 
1 

99.121 
±3.031 

13.420 
±0.429 

3.461 
±0.141 

0.119 
±0.001 

13.332 
±1.111 

Sample 
2 

115.882 
±3.791 

11.053 
±0.371 

3.496 
±0.152 

0.122 
±0.001 

23.202 
±1.395 

Sample 
3 

119.990 
±4.015 

15.372 
±0.411 

3.639 
±0.182 

0.151 
±0.001 

25.905 
±1.582 

Sample 
4 

87.680 
±2.684 

9.501 
±0.350 

3.845 
±0.148 

0.176 
±0.001 

7.201 
±0.214 

Sample 
5 

105.050 
±3.721 

8.703 
±0.262 

1.907 
±0.100 

0.076 
±0.001 

13.600 
±0.831 

Sample 
6 

127.209 
±3.932 

20.336 
±0.81 

4.033 
±0.182 

0.183 
±0.005 

29.548 
±1.460 
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The data indicate that all samples of sour cream exhibited the most significant structural 
destruction within the range of shear rate changes from 0.1 to 1 s–1, with moderate destruction 
observed within the range from 1 to 10 s–1.  The highest viscosity was observed for sample 
6, which contained a combination of whey protein concentrate (WPC) and guar gum. As 
anticipated, the milk protein concentrates in sour cream (samples 2 and 3) demonstrated 
comparable structuring capabilities due to the enhanced coagulation activity of fermented 
mixtures enriched with whey proteins, reaching a total protein content of 3.22% (sample 2) 
and 3.38% (sample 3), respectively. This observed effect correlates with the data presented 
by Sturaro et al. (2014).   

The prolonged high-temperature treatment of cream (sample 1) due to increased thermal 
denaturation of whey proteins resulted in an increase in the viscosity of the sour cream 
compared to the control sample. This phenomenon can be attributed to the covalent 
interaction of denatured whey proteins with κ-casein on the surface of protein casein micelles. 
Denatured whey proteins serve as a binder between casein micelles, thereby facilitating the 
more efficient formation of an acidic protein gel (Lucey, 2016). It is established that fresh 
fermented milk products made from milk thermally processed at high temperatures are more 
viscous and have a lower tendency to release whey (Timothy, 2021). These characteristics 
were confirmed in the present study. However, the experimental confirmation of the latter 
trait remains to be conducted.  

The distinctive characteristics of the joint structuring effect of whey protein concentrate 
and mono- and polysaccharides in sour cream warrant a separate discussion. To conduct a 
comparative analysis of the efficacy of their combined use, the dynamics of changes in sour 
cream viscosity during rheometric measurement at a variable shear rate were investigated 
using the example of control and test samples 3–6, as illustrated in Figure 1.   

Monosaccharides and polysaccharides exert a markedly disparate influence on the 
viscosity characteristics of sour cream. Therefore, monosaccharides present in the 
composition of glucose-fructose syrup exert a slight reduction in the effective viscosity of an 
almost intact acidic milk-protein gel at a shear rate gradient of 0.1 s⁻¹. An increase in the 
destructive force of the shear rate to 1 and 10 s⁻¹ demonstrates a notable weakening of 
intermolecular forces, with the degree of destruction increasing by 1.17 and 1.9 times, 
respectively. The effective viscosity of the practically destroyed structure at a shear rate of 
400 s⁻¹ is 0.151 (Pa·s) for the sample with WPC, and only 0.076 (Pa·s) for the sample with 
whey protein concentrate and glucose-fructose syrup. The observed effect can be explained 
by the presence of a layer of mobile monosaccharide molecules between the protein micelles, 
which probably reduces the strength of intermolecular bonds in the protein clot. A 
comparable effect was observed when comparing sample 1, which contains monosaccharides 
in hydrolyzed whey concentrate, with sample 2, which contains whey protein concentrate 
(WPC). However, the effect was less pronounced in the latter sample.  The detrimental 
impact of monosaccharides is mitigated by the incorporation of whey proteins in the 
hydrolyzed whey concentrate into the sour cream sample.  

In contrast to monosaccharides, the presence of polysaccharides, in particular guar gum, 
has a notable impact on the viscosity characteristics of sour cream. In this instance, guar gum, 
a high-molecular-weight compound, serves to reinforce the total intermolecular bonds within 
the protein gel, thereby forming a more stable structure over time at a variable shear rate. The 
structuring effect of guar gum has also been observed in sour cream (Mudgil et al., 2014), 
yogurt (Lee et al., 2016), and ice cream (Javidi et al., 2016). 
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a b 

 
c d 

 
Figure 1. Changes in the effective viscosity of sour cream samples during rheometric 

measurement:  
a – sample 3 (sour cream with whey protein concentrate;  

b – sample 4 (sour cream with whey protein concentrate and β-glucan);  
c – sample 5 (sour cream with whey protein concentrate and glucose-fructose syrup;  

d – sample 6 (sour cream with whey protein concentrate and guar gum) 
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Despite the well-known functional and technological properties of β-glucans, in 
particular, their ability to form and stabilize the foamy structure of ice cream, prevent the 
separation of free moisture in the production of cheese, and mimic the presence of fat in low-
fat products (Mykhalevych et al., 2022), this polysaccharide was found to be incompatible 
with sour cream as a structuring ingredient. The addition of β-glucan to sour cream, even in 
the presence of whey protein concentrate, resulted in the lowest effective viscosity values 
among all samples. This anomalous effect can be attributed to the distinctive 
physicochemical characteristics of this polysaccharide, the inhibition of the cream 
fermentation process, and the potential disruption of its macromolecules during the 
homogenization of cream mixtures prior to fermentation. A comparable outcome was 
documented by Zagorska et al. (2013) in the context of chitooligosaccharide.  Further studies 
are required to investigate this phenomenon in greater depth. 

Table 1 presents the degree of structure recovery observed in the process of reducing 
the destructive force during the reverse measurement when the shear rate was changed from 
400 s⁻¹ to 0.1 s⁻¹ for all sour cream samples. The calculated results are illustrated in Figure 
2.   

 

 
Figure 2. Degree of structure recovery of sour cream samples with 10% fat content and 

different chemical composition 
Control (sour cream without additives); 
Sample 1 (baked sour cream); 
Sample 2 - sour cream with hydrolyzed concentrate of demineralized whey (hcdw); 
Sample 3 - sour cream with whey protein concentrate (wpc); 
Sample 4 - sour cream with whey protein concentrate (wpc) and β-glucan; 
Sample 5 - sour cream with whey protein concentrate (WPC) and glucose-fructose syrup (GFS); 
Sample 6 - sour cream with whey protein concentrate (WPC) and guar gum. 

 
 

0

5

10

15

20

25

30

Control Sample
1

Sample
2

Sample
3

Sample
4

Sample
5

Sample
6

D
eg

re
e 

of
 s

tru
ct

ur
e 

re
co

ve
ry

, %



   ───Ukrainian Journal of Food Science.  2024.  Volume 12. Issue 1 ───      13 

As illustrated in Figure 2, the examined food systems exhibit thixotropic behavior, with 
a considerable range of variation. It is noteworthy that the control sample exhibits a relatively 
high capacity for spontaneous structural restoration, with values exceeding those observed 
for samples 2, 3, and 6. This is attributed to the increased protein content, including the 
combination with guar gum. Concurrently, the presence of monosaccharides in sample 5 and 
the excessive denaturation of whey proteins during the prolonged heat treatment of cream in 
sample 1 (Polishchuk et al., 2023) to some extent impede the effective restoration of the sour 
cream structure. The addition of β-glucan to sour cream, as seen in sample 4, may have an 
adverse effect on the thixotropic ability of the resulting product. This is due to the probable 
loss of its structuring ability during homogenization, as previously discussed, as well as the 
obstruction of contact between protein macromolecules. 

 
Water activity and the degree of syneresis in sour cream samples with different 

protein and carbohydrate composition 
 
The subsequent phase of the study focused on examining the water activity and the 

capacity of protein-fat clots in sour cream samples with varying chemical compositions to 
retain moisture. These indicators are of significant importance for the formation of quality 
indicators in sour cream, and can be correlated with its chemical composition and rheological 
characteristics. 

The water activity of the sour cream samples is illustrated in Figure 3. 

  
Figure 3. Water activity in the test samples of sour cream 

Control (sour cream without additives); 
Sample 1 (baked sour cream); 
Sample 2 - sour cream with hydrolyzed concentrate of demineralized whey (hcdw); 
Sample 3 - sour cream with whey protein concentrate (wpc); 
Sample 4 - sour cream with whey protein concentrate (wpc) and β-glucan; 
Sample 5 - sour cream with whey protein concentrate (WPC) and glucose-fructose syrup (GFS); 
Sample 6 - sour cream with whey protein concentrate (WPC) and guar gum. 
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The water activity in the sour cream samples is notably elevated, ranging from 0.897 
(samples 2 and 5 containing monosaccharides) to 0.929 (sample 2, baked sour cream). With 
regard to the sample of baked sour cream exhibiting the highest water activity, it can be 
posited that the prolonged and high-temperature processing of cream may result in the 
excessive coagulation of whey proteins, thereby reducing the moisture retention capacity of 
sour cream. This hypothesis will be tested in the subsequent series of experiments. Therefore, 
all sour cream samples can be classified as high-moisture products that are not capable of 
long-term storage (Plotnikova et al., 2021). It is therefore necessary to develop further 
technological measures to reduce the water activity in sour cream in order to control the 
intensity of various physicochemical, biochemical, and microbiological processes during the 
storage of protein-enriched sour cream.  

Another crucial attribute of sour cream is its capacity to retain moisture within the 
protein-fat gel. The results of determining the syneretic ability of sour cream samples of 
different chemical composition after ripening and during storage for up to five days are 
presented in Figure 4.  

 

 
Figure 4. Degree of syneresis of sour cream samples of different chemical composition during 

storage 
Control (sour cream without additives); 
Sample 1 (baked sour cream); 
Sample 2 - sour cream with hydrolyzed concentrate of demineralized whey (hcdw); 
Sample 3 - sour cream with whey protein concentrate (wpc); 
Sample 4 - sour cream with whey protein concentrate (wpc) and β-glucan; 
Sample 5 - sour cream with whey protein concentrate (WPC) and glucose-fructose syrup (GFS); 
Sample 6 - sour cream with whey protein concentrate (WPC) and guar gum. 
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The sample containing whey protein concentrate and guar gum (sample 6) demonstrated 
the higest moisture retention capacity (Figure 4). The ability of galactomannans, which 
include guar gum, to form hydrogen bonds with water molecules results in an increase in the 
moisture retention capacity of food systems (Mudgil et al., 2014). This effect corroborates 
the hypothesis that polysaccharide macromolecules can be integrated into the protein matrix 
to form a compact spatial network capable of retaining moisture over an extended period. 
This assertion is also supported by the findings of Seo (2022). 

In the control sample and sample 1 (baked sour cream), pronounced syneresis is 
observed, which can be explained by the increased content of free water. This is confirmed 
by the high value of water activity and the substantial thermal denaturation of proteins in 
sample 1, resulting in a partial loss of their moisture-binding capacity during cream 
simmering. The results obtained for sample 5, which contained β-glucan, demonstrated that 
this polysaccharide was incompatible with fermented cream, as evidenced by the degree of 
syneresis. Therefore, the efficacy of utilizing milk protein concentrates in sour cream with a 
fat content of 10%, including in conjunction with galactomannan (guar gum), has been 
substantiated.  

Further research should be conducted to elucidate the mechanism of β-glucan 
structuring and moisture-binding action in sour cream. 

 
 
Conclusions 
 

1. The use of whey protein concentrate, obtained by ultrafiltration, and hydrolyzed 
concentrate of demineralized whey concentrate, in amounts providing a protein content 
of 3.38% and 3.22%, respectively, in sour cream with a fat content of 10%, results in 
the formation of technologically active ingredients that serve to improve the rheological 
characteristics, as well as the moisture retention capacity, of the finished product. 

2. Prolonged high-temperature treatment of cream before fermentation (95–98 °C, 3 h) 
due to thermal denaturation of whey proteins has been observed to significantly reduce 
the physicochemical and viscosity characteristics of sour cream with a fat content of 
10%. 

3. The presence of monosaccharides in sour cream has been observed to exert a slight 
reduction in the functional and technological properties of protein concentrates, with 
the greatest impact observed with regard to water activity. 

4. The addition of polysaccharides at a concentration of 0.5% has been observed to exert 
a varying degree of influence on the technological properties of whey protein 
concentrate at a concentration of 1% in sour cream. The incorporation of guar gum has 
been demonstrated to enhance the rheological characteristics of sour cream, including 
its thixotropic ability, and to effectively prevent syneresis during storage. Conversely, 
the use of β-glucan derived from oats has been found to exhibit limited compatibility 
with sour cream, as evidenced by an anomalous deterioration in the rheological and 
physicochemical characteristics of the product, necessitating further investigation. 
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 Abstract 
 Introduction. The efficiency of the ethyl alcohol 

rectification process depends on the degree of purification of the 
final product from organic impurities and the heating vapour 
flow rate in the distillation unit. 

 Materials and Methods. The object of the study was a 
cyclic column for concentration of impurities. The concentration 
of volatile impurities of alcohol was determined by 
chromatographic method, their extraction and concentration 
ratio – by calculation method. Water flow rate was controlled by 
means of Rate-Master® flow meters, vapor velocity in the free 
section of the column – by vortex flowmeter, in the holes of the 
plates – by calculation method. 

 Results and discussion. Studies of the efficiency of the 
technology of cyclic rectification of ethyl alcohol, providing for 
the implementation of controlled cycles of liquid delay on the 
column plates and its overflow without interruption of heating 
vapour supply have been carried out. The design of the 
rectification column for its realization is developed. 
Hydrodynamic modes of operation of sieve and flake plates in 
cyclic mode are established: vapour velocity in the free section 
of the column and plate openings for mass exchange between 
liquid and vapour and liquid preflow. The research results 
obtained in production conditions proved the advantages and 
feasibility of using the innovative technology: in the process of 
separation of alcohol-containing fractions in full measure head 
impurities of alcohol are allocated, the degree of extraction of the 
higher alcohols of sivush oil increases by 38%, methanol – by 
15,6%, the multiplicity of concentration of head impurities 
increases by 25%, higher alcohols – by 40%, methanol – by 34%, 
acrolein – by 36%, isopropyl alcohol – by 42%. At the same time 
vapour consumption in the impurity concentration column is 
reduced by 40% in comparison with typical units operating in the 
stationary mode and does not exceed 12 kg/dal of absolute 
alcohol (a.a.) introduced with feed. 

Conclusion. Increasing the contact time of vapor and liquid 
on each plate up to 30–40 s allows increasing the degree of 
purification of rectified alcohol from volatile impurities and 
reducing energy costs by at least 40%. 
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Introduction 
 
The energy dependency of industrialized nations requires for alternative sources of 

energy, one of which is ethyl alcohol (bioethanol). To ensure the competitiveness of 
bioethanol over carbohydrate energy sources, the development and implementation of 
innovative resource- and energy-saving technologies, and the enhancement of operational 
and technological characteristics of the rectification plants are a prerequisite. A promising 
direction to solve this problem is to use a non-stationary (cyclic) mode of operation of the 
plants, based on the alternating change of the periods of the steaming periods and liquid 
overflow (Botshekan et al., 2022; Nagy et al., 2015). 

Investigation of physico-chemical conditions of separation of multicomponent systems 
in the mode of controlled rectification cycles, development on the basis of the laws of 
thermodynamics of rational methods of calculation and construction of rectification columns 
of cyclic action, work in computer modeling of delay cycles and liquid overflow began in the 
60's and 70's of the ХХ-th century (Andersen et al., 2018; Bastian et al., 2012; Kiss, 2014; 
McWhirter and Cannon, 1961). The authors managed to achieve an increase in steam load 
by 48% with constant pressure drop without making structural changes in the column, double 
the capacity of the installation with cap plates compared to the typical at the same degree of 
separation, to develop a hydrodynamic model of rectification with alternate phase motion, 
the theory of intermittent cyclic distillation – a new method of periodic control in which the 
motion of the liquid depended on the ripple of the steam flow, and to propose a new type of 
plate was a traditional mesh plate with a special inclined section to slow down the liquid 
overflow (Nielsen et al., 2017; Rasmussen et al., 2020; Toftegard et al., 2016). 

Due to rising energy prices, interest in the study of cyclic distillation has increased in 
Ukraine in recent years. At the National University of Food Technology, special valve 
contact devices have been proposed to provide controlled cycles of delay and liquid overflow 
(patent UA60566. Mass exchange contact device). Pilot tests of the devices proved the 
possibility of reducing the specific consumption of heating vapor in columned installations 
of cyclic action by 30% compared to typical ones. The disadvantages of their operation 
include the dependence of the operation of the overflow devices on the vapor pressure, the 
limitation of the rectification column in height, the need to install intermediate plates, the 
appearance of the impulse to delay the opening and closing of the floating valves (Maleta et 
al., 2011). 

Despite the positive results of experimental studies, justified by the methods of 
mathematical modeling of the benefits of cyclic rectification, the above methods and models 
are not widely used. Absence of mass-exchange in the vapour period, fluctuations of vapour 
pressure in the collector, the bottom section and the deflegmator of the rectification column 
adversely affect the quality of the finished product and the work of other columns. And the 
complexity of the proposed constructive solutions to ensure a cyclic mode reduce the 
reliability of the rectification equipment. 

In order to improve the efficiency of mass-exchange by eliminating the above 
disadvantages, a method of controlled rectification, which provides for periodic (cyclic) 
motion of the liquid after its delay at the contact stages with continuous supply of heating 
vapour in the bottom section of the column was proposed. For the cyclic motion of the liquid 
on the plates of the column, the vapour flow is cut off at each plate by means of valves located 
on the bypass conduits (Krivosheev and Anufriev, 2015). According to the authors, this 
technical solution allows to ensure the periodic motion (weeping) of the liquid on the plates 
during the period of opening of the respective valves and the direction of vapour through the 



20      ───Ukrainian Journal of Food Science.  2024.  Volume 12. Issue 1 ───  

respective bypass conduits and to exclude its mixing with the portions of the liquid located 
on the lower adjacent plates. 

However, the method was not practically implemented due to the fact that, at the 
moment of opening of the valves, the vapour flow occurred both through the bypass conduits 
and through the slits of the upper plates, thus complicating the liquid overflow on the lower 
plates. 

To solve the current problem, the staff of the Department of Biotechnology of 
Fermentation Products and Winemaking of the National University of Food Technology and 
LLC “TISER” developed an innovative technology of cyclic rectification, which provided 
for the delay of liquid on the plates and its cyclic overflow without interrupting the supply of 
heating vapour, as well as the design of rectification column for its implementation (Buliy et 
al., 2016; Ukrainets et al., 2018). The efficiency of technical solutions was determined in the 
process of ethyl alcohol extraction from alcohol-containing fractions enriched with organic 
impurities. For the purpose of the study, the experimental impurity concentration column was 
equipped with movable valves connected to actuators whose action was according to the 
controller program, and flake plates with valve openings. 

The aim of the present research was to improve the technology of cyclic rectification, 
to develop the construction of a distillation column to ensure the cyclic motion of the liquid 
with continuous vapour supply, to study the effectiveness of innovative technology in the 
process of rectification of alcohol-containing fractions, to determine the optimal 
technological modes of operation of the impurity concentration column, specific vapour 
consumption, degree of extraction and multiplicity of concentration of volatile impurities of 
alcohol. 

To achieve this aim and conduct production tests, the primary task was to determine the 
hydrodynamic mode of operation of the perforated plates (mesh and  cale-shaped) to ensure 
their cyclic action: 

1. Establishment of the working range of vapour speed in the free section of the impurity 
concentration column and in the slots (openings) of the plates — the lower boundary, 
beyond which the weeping of the plate stops from the upper plate to the lower plate, 
and the upper boundary, at which liquid entrainment occurs to the upper plates.  

2. Determination of the vapor velocity in the slots (openings) of the plates, at which there 
is an intense weeping of the liquid from the upper plates to the lower ones. 
 
Materials and Methods  
 
Research objects  
 
1. Experimental cyclic column for concentrating alcohol impurities (ICC). 
 
The impurity concentration column is made of stainless steel AISI 304, equipped with 

flake plates. Technical characteristics: diameter – 426 mm; number of plates – 30; distance 
between the plates – 300 mm; the cross-sectional area of the holes – 19.42 mm2; thickness of 
the plate blade – 2 mm; free section of the plate: 5.5% – during the stay of liquid on the plates 
– 5.5%; during the overflow of liquid – 51.7% (Figure 1). 
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  Figure 1. Cyclic plate with variable live section 
 

A fragment of the impurity concentration column with movable rods and valves is 
shown in Figure 2 (patent UA139228. Column mass transfer apparatus of cyclic action).  
 

               
 

Figure 2. Fragment of a prototype LC with movable valves: 
1 – body; 2 – plates; 3 – contact elements; 4,5 – rods; 

6 – valves; 7 – springs.  
 

 The column contained a body 1, plates 2 with contact elements 3, movable rods 4 and 
5, on which valves 6 and springs 7 were fixed. The rods moved up and down periodically 
under the action of drive mechanisms (double-acting pneumatic cylinders of DNT type of 
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FESTO Сompany). In this case, valves 6 alternately closed and opened holes for liquid 
overflow. Pneumatic cylinders were controlled according to the program of controller M340 
of Schneider Electric Company. 

The operation of the column provided for conducting adjustable in time cycles of liquid 
residence on the plates and its synchronous overflow from plate to plate over the entire height 
of the column in two successive stages, repeating periodically in time, alternately, according 
to the specified algorithm without interrupting the liquid and steam supplyin the column 
(patent UA89874. Method of liquid overflow on plates of column apparatus in the process of 
mass-exchange between vapour and liquid). The time interval of liquid retention was 
determined experimentally depending on the degree of extraction of volatile alcohol 
impurities and the multiplicity of their concentrationі and was 30-40 s. 

 The technical solution allowed for one-stage (full) and two-stage (fractional) overflow 
of liquid from the upper plate on the lower plate. The single-stage method ensured that all 
liquid overflowed. According to the two-stage method (patent UA 141245. Method of 
overflow of liquid on plates of mass-exchange column apparatus) at the first stage a part of 
liquid (30-70% of its volume) was overflowed from the upper plate to the lower one, and 
after the set time of liquid delay its rests were overflowed. 

The experimental impurity concentration column was incorporated into the circuit of an 
operating distillation unit. 

 
 2. Installation for extraction of ethyl alcohol from alcohol-containing fractions 
 
The technological scheme of inclusion of the experimental impurity concentration 

column in the scheme of the distillation unit is shown in Figure 3. 
The scheme provided for the introduction on the feed plate of the impurity concentration 

column of the head fraction of ethyl alcohol, distillate cuts from the condensers of the 
distillation column and CO2 separator сondenser, fusel alcohol and rinse water for fusel oil. 
The installation included impurity concentration column 6, the plates of which are connected 
to the pneumatic cylinders bilateral action 7, and their upper and lower parts with vacuum 
breakers 4, evaporator 5, condenser 9, alcohol catcher 10, softened water container 1 for 
hydroselection, intermediate collections of distillation residue 17 and alcohol-containing 
fractions 20, flowmeters 3, 12, 13, 14 and 15, centrifugal pumps 2, 18, 19 and decanter 11. 

The consumption of vapour, water for hydroselection, fusel ad ester-aldehyde 
concentrate and distillation residue was determined using flowmeters. 

 
Research methods 
 
To evaluate the obtained research results, analytical, chemical, physicochemical, and 

computational methods were used with the use of devices and research methods used in the 
production of rectified ethyl alcohol. 

 
Liquid consumption. The consumption of alcohol-containing fractions, water for 

hydroselection, distillation residue and rectified alcohol was monitored using RM flowmeters 
(Polulyah and Topolov, 2002). 

The principle of their operation is based on the perception of the dynamic head of the 
controlled medium, which depends on the flow rate, by a sensing element (float) placed in 
the flow. As a result of the flow, the sensing element moves along the height of the flowmeter, 
and the amount of movement serves as a measure of flow. The readings were taken on the 
scale of the flowmeter, graduated by water in dm3/h. 
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Fig. 3. Hardware and process flow diagram of the installation for extracting ethyl alcohol from 
alcohol-containing fractions: 

1 – water container; 2, 18, 19 – centrifugal pumps; 3, 12, 13, 14, 15 – flowmeters; 4 – vacuum 
breakers; 5 – evaporator; 6 – impurity concentration column (ICC); 7 – pneumatic cylinders; 8 – 
dephlegmator; 9 – condenser; 10 – alcohol-collecting vessel (spirit trap); 11 – decanter; 16 –hydraulic 
shutter; 17 – distillation residue tank; 20 – alcohol-containing fraction tank 

Notation conventions:  
CW – cooling water; WH – water for hydroselection; HS – heating steam; DС – distillation 

column; EC – ether column; C – condensate; DR – distillation residue; FEAC – fusel and ester-aldehyde 
concentrate; AC – aldehyde concentrate; MС – methanol concentrate; LW – luther water. 
 



24      ───Ukrainian Journal of Food Science.  2024.  Volume 12. Issue 1 ───  

Vapour velocity. The vapour velocity in the free section of the column was determined 
using a vortex flowmeter (VFM), which has an ejection rod located on the path of the steam 
flow from which the vortices are ejected. The frequency of rejection varies linearly with the 
speed of the steam. Placing a piezoelectric sensor below the flow and calculating the peak 
frequency of its signal allows you to fix the speed of steam and its flow rate 
(Dattarajan, 2019).  

 
Concentration of ethyl alcohol in water-alcohol solutions. The concentration of ethyl 

alcohol in the liquid distillation residue of the aldehyde concentrate was determined by 
areometric method). The test solution was poured into a 250 cm3 glass cylinder, the 
temperature was measured with a thermometer with a division price of 0.1 оC, and then the 
ASP-1 alcoholmeter was immersed. The actual concentration of ethyl alcohol at a 
temperature of 20 °C was determined from the readings of the alcoholmeter and using special 
tables to make appropriate corrections for temperature. 

 
Concentration of volatile alcohol impurities. Concentration of aldehydes was 

determined by reaction with fuchsin-sulfur reagent I; fusel oil – by the method based on the 
reaction of higher alcohols with salicylic aldehyde solution in the presence of sulfuric acid; 
free acids – by the amount of sodium hydroxide solution used for titration; complex esters – 
by titrometric method after their saponification with sodium hydroxide solution; volume 
fraction of methyl alcohol – by method based on the reaction of methanol oxidation with 
potassium permanganate and sulfuric acid to form formaldehyde, which forms a color with 
fuchsin-sulfur reagent II (Arslan, 2021). 

The concentration of head volatile impurities (aldehydes, higher alcohols of fusel oil, 
acrolein, isopropyl alcohol) in alcohol-containing fractions, distillation residue of impurity 
concentration column, concentrate of impurities and rectified ethyl alcohol was determined 
on a gas chromatograph with an HP FFAP 50 m × 0.32 m column (Dewulf, 2002; Plutowska 
et al., 2008; Steven et al., 2002). The analysis of the experimental samples was carried out 
three times. The average values were chosen as determinative. 

 
Grade of extraction and concentration ratio of volatile alcohol impurities.   
 
The degree of extraction (α) and multiplicity of concentration (β) of key organic 

impurities of alcohol were calculated by the formulas: 

;l

cub

Х
Х

  ;seac

l

Х
Х

   

where Хl, Хseac, Хcub – accordingly, the concentration of volatile alcohol impurities on the feed 
plate, sivush and ester-aldehyde concentrate and cube liquid, mg/dm3 in terms of a.a. (Linek, 
2005; Shiyan et al., 2009). 
 

Studied modes 
 
In the first stage, the hydrodynamic regimes of failure plates were investigated to ensure 

the cyclic mode of operation of the experimental impurity concentration column. The 
efficiency of the perforated plates in a cyclic mode depends on the adopted hydrodynamic 
modes, which determine the boundaries of stable operation of the column (Kiss et al., 2009; 
Kiss and Bildea, 2011; Kiss, 2012). There are no general methods for calculating the 
boundaries of hydrodynamic modes for bubble plates. Therefore, when designing the plant-
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like devices, the vapor velocity corresponding to the lower and upper bounds of the plate was 
determined by calculation, and then the working speed vapor velocity was determined in the 
free section of the column and in the slits of the plates. The lower limit corresponded to the 
vapor velocity at which the weeping of the liquid from the plate stopped. The upper limit 
corresponded to the vapor velocity at which the liquid entrainment onto the upper plate was 
observed. In this case, the contact surface of the phases sharply decreased. Such plates are 
called versatile or variable cross-sectional plates. Many studies have been devoted to 
determining the conditions under which bubbling occurs on the plates (the fluid is retained 
on the plate) and the overflow of the liquid through the overflow openings and its weeping 
through the slits of the contact devices (Lita, 2014; Pǎtruţ et al., 2014; Premkumar and 
Rangaiah, 2009). In order to eliminate the possibility of the liquid being transferred to the 
top plate, the vapor velocity in the free section of the column equipped with mesh plates 
should not exceed 0.7 m/s. The vapour velocity in the holes at which the liquid is retained on 
the plate is 4-5.5 m/s. When using scale-shaped plates with an optimal live cross-section of 
10%, the vapor velocity in the free column cross-section may reach 1.2 m/s or more, and in 
the openings of the scales must exceed the first critical velocity of 6.5-7.5 m/s. The liquid 
weeping occurs at a vapor velocity in the openings of 1.5-1 m/s (Dejanovic et al., 2010; 
Flodman and Timm, 2012).  

At the second stage, the effectiveness of the innovative technology in the process of 
distillation and separation of alcohol-containing fractions was investigated: determined the 
optimal technological mode of operation of the impurity concentration column, the specific 
vapour consumption, the degree of extraction and multiplicity of concentration of key organic 
impurities of alcohol.   

Alcohol-containing fractions of 135 dm3/h were calculated on the feed plate of the 
impurity concentration column in terms of absolute alcohol (a.a.). Of these, the head fraction 
of ethyl alcohol is 8.5%, the distillate cuts from the condenser of the distillation column – 
9.4%, the CO2 separator сondenser – 3.0%, fusel alcohol – 1.5%, rinse water for fusel oil – 
1.5% of the a .a. of mash. The delay time of the liquid on the plates was 30 s, the overflow 
time – 2 s. The pressure in the bottom part of the DC was 17.5 kPa, in the upper part – 2–5 
kPa. The temperature in the bottom of the column was equal to 102–103 °С, in the upper part 
– 90-91 °С, water for cooling at the condenser inlet – 15 °С, at the outlet after the deflegmator 
– 65 °С.     

Water for hydroselection in the amount of 2400 dm3/h was supplied from water 
container 1 through a flowmeter 3 to the top plate of the column by pump 2. The 
concentration of ethyl alcohol on the plates of the concentration part was 7% vol., and in the 
bottom part – 5–6% vol. The alcohol-containing fractions were warmed by the heat of luther 
water (residue water) in the container 20, from which the feed plate was fed by the pump 18. 
Released from the head and part of the intermediate volatile impurities distillation residue 
was pumped into the upper zone of the concentration part of the ether column by centrifugal 
pump 18. Vapour containing volatile impurities from the upper part of column 6 was 
sequentially fed into the deflegmator 8 and the condenser 9. In the dephlegmator mainly 
water, higher alcohols, partially esters and ethanol condensed. There was the condensation 
of low-boiling aldehydes and methyl alcohol in condenser, which vapours did not condense 
in the deflegmator. Reflux from the dephlegmator 8 and most of the condensate of the head 
and final impurities from the condenser 9 was sent to the decanter 11. In the decanter, the 
heterogeneous mixture was separated, forming the upper layer – FEAC containing esters, 
higher alcohols and part of aldehydes, and the lower layer – water released from the head, 
part of the intermediate and final impurities. The FEAC was removed from the installation 
through the flowmeter 13 and the aqueous-alcoholic liquid from the lower part of the 
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decanter, which in the form of phlegma flowed on the top plate of the impurity concentration 
column for irrigation. To reduce the concentration of methyl alcohol in the distillation residue 
part of the phlegma was removed from the installation in the form of methanol concentrate 
(MC) through flowmeter 11. From the condenser 9 aldehyde concentrate (AC) was selected 
through flowmeter 14. 

A mnemonic diagram of the impurity concentration column inclusion in operation with 
controlled cycles of mass-exchange and liquid overflow is shown in Figure 4.  

 
 

 
 

Figure 4. Mnemonic diagram of the operation of an column concentrating impurities in the 
mode of controlled cycles of liquid retention and overflow 

 
 
For calculation degree of extraction (α) and multiplicity of concentration (β) of key 

organic impurities of alcohol during the research period, samples of alcohol-containing 
fractions entering the column were taken, distillation residue, reflux,  fusel and ester-
aldehyde concentrate and and samples of liquid from the 2nd, 6th, 11th, 17th and 26th plates 
of the column were taken and their chromatographic analysis was performed. The studies 
were carried out in triplicate. The average values were chosen as the determining ones. 
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Stages of research 
 
At the first stage of research it was established that the vapour velocity in the free section 

of the column equipped with mesh plates should not exceed 0.7 m/s. At such steam velocity 
the possibility of liquid entrainment to the upper plate is excluded. The vapour velocity in 
the holes, at which the liquid is retained on the plate, is 4–5.5 m/s; the optimum velocity for 
mass-exchange is 7.5-8.0 m/s. When using flake plates with an optimum live section of 10%, 
the vapour velocity in the free section of the column can reach 1,2 m/s and more. In the holes 
of scales the vapour velocity should exceed the critical velocity of 6.5–7.5 m/s, the optimal 
velocity is 12–14 m/s (Buliy et al., 2019). Intensive overflow of liquid occurs at vapour 
velocity in holes 1.5–1 m/s (patent UA 123917. Method of mass-exchange between liquid 
and vapor in a column apparatus). 

At the second stage, it was investigated that to obtain high-quality alcohol, the 
extraction of FEAC should be 0.23–0.27% of the amount of ethyl alcohol in the fermentation. 
Of these, AC should be selected in the ratio of 1:2–1:2.5 to FEAC. And MC should be 
sampled if the concentration of methanol in distillation residue exceeds 0.001% vol. 

It's been practically proven that the organization of differentiated selection of alcohol 
impurities from places of their maximum accumulation, autonomous regulation of their ratio, 
depending on the qualitative composition of feed, allowed to increase the efficiency of 
rectification ( patent 69511. Rectification unit for alcohol extraction from fractions enriched 
with organic impurities). Direction of phlegma of dephlegmator and condensate from the 
condenser to the decanter to separate the heterogeneous mixture and the additional selection 
of water-alcohol mixture from the lower part of the decanter helped to reduce the content of 
the end liquid, parts of the head, intermediate and atypical types of impurities, isopropyl 
alcohols, crotonaldehyde, acrolein) and esters (methyl acetate, ethyl acetate), due to which 
the quality of rectified alcohol improved. 

 The results of the chromatographic analysis of the test samples are given in Table 1. 
The analysis of the experimental data Table 1 has shown that in the process of rectification 
of alcohol-containing intermediates and rectification products in the mode of controlled 
rectification cycles together with the head ones, the intermediate and final impurities of 
alcohol are effectively removed. Under the given conditions, aldehydes (acetaldehyde), esters 
(methyl acetate, ethyl acetate, isobutyl acetate, isoamyl acetate), atypical impurities (acrolein, 
crotonaldehyde), n-pentanol and isopropyl alcohol are completely removed. It is known from 
practical experience that isopropanol is one of the volatile impurities that is most difficult to 
separate from ethanol. Therefore, the content of it in the final product evaluates the efficiency 
of the rectification plant. The concentration of isopropanol in commercial alcohol should not 
exceed 1.5 mg/dm3 (Xiao-Na Pang et al., 2017). 

Among the esters, ethyl acetate had the highest concentration, and isobutyl acetate has 
the lowest. Of the higher fusel alcohols, isobutanol was most effectively concentrated, n-
propanol had the least recovery rate and concentration. During rectification, the concentration 
of ethyl alcohol on the plates of the column did not exceed 13% vol. 

The calculated values of (α) and (β) for aldehydes, esters, higher fusel alcohols, methyl 
alcohol and atypical alcohol (acrolein) impurities under typical and cyclic distillation are 
given in Table 2. 
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Таble 1 
Distribution of volatile organic impurities of alcohol along height of the impurity concentration column 

 

Name of the impurity 
Contertation, mg/dm3 (in terms of a. a.) 

Distillate cuts  Distillate residue The plate number Reflux EEAC 2 6 11 17 26 
Acetaldehyde 605.1 traces traces 2.6 3.3 5.3 16.7 12304.2 13591.2 
Methyl acetate 32.3 traces traces traces traces traces traces 756.1 770.8 
Ethyl acetate 509.4 traces traces 4.7 8.3 18.6 traces 14448.9 15344.4 
Isobutyl acetate 14.6 traces traces traces traces 9.1 47.5 122.9 137.2 
Isoamyl acetate 81.4 traces traces traces traces traces traces 1573.2 1652.9 
Isopropropanol 2.0 traces traces traces 1.0 4.4 12.5 47.7 42.2 
n-propanol 10063.8 1080.3 1419.3 2331.1 4894.4 8035.3 6254.5 49045.5 53570.4 
Isobutanol 6851.2 6.5 7.6 47.9 347.5 1749.3 6718.3 218161 204757 
n-butanol 36.1 traces 5.4 8.6 23.4 24.1 28.7 422.4 379.9 
Isoamylol 10354.8 7.1 8.0 156.7 731.9 1672.4 8531.7 211033 203311 
n-pentanol traces traces traces traces traces traces traces 12.3 17.4 
Acrolein 25.9 traces traces traces traces traces traces 446.9 447.6 
Crotonaldehyde traces traces traces traces traces traces traces 121.8 136.7 
Aldehydes 605.1 traces traces 2.6 3.3 5.3 16.7 12304.2 13591.2 
Esters 637.7 traces traces 4.7 8.3 27.7 47.5 16901.1 17905.2 
Fusel oil 27307.9 1093.9 1440.2 2544.4 5998.2 11485 21545 478712 462078 
Methanol, % vol. 0.026 0.001 0.001 0.002 0.004 0.003 0.005 2.9 2.1 
Ethanol, % vol. 82.0 5.4 10.0 13.0 13.0 12.4 7.0 65.0 68.0 
Atypical 25.9 traces traces traces traces traces traces 446.9 447.6 
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Таble 2 
Degree of extraction (α) and concentration multiplicity (β) of impurities of alcohol during 

typical and cyclic rectification 
 

Name of the impurity Conventional 
distillation 

Cyclic distillation 

α β α β 
Aldehydes 86.4 16.9 max 22.5 
Esters 79.7 21.1 max 28.1 
Fusel oil 21.1 10.0 25.0 16.9 
Methanol 16.2 67.4 26.0 102.3 
Acrolein 64.7 11.2 max 17.4 

 
Concentration multiplicity (β) of key volatile alcohol impurities (aldehydes and higher 

alcohols of sivush oil) are presented in the diagram (Fig. 5).  
 

 
 

Figure 5. Multiplicity of concentration of (β) of key alcohol impurities  
(aldehydes and higher alcohols of fusel oil) 

 
The data analysis in Table 2 and the diagrams show the advantages of cyclic 

rectification over typical rectification. It is experimentally proved that in the process of 
distillation of alcohol-containing fractions aldehydes, esters (head impurities) and acrolein 
are removed in full measure, and the degree of extraction (α) of higher alcohols of sivush oil 
(upper intermediate impurities) increased by 38 %, methanol – by 15.6 %. The multiplicity 
of concentration (β) of key impurities was increased by 25%, higher alcohols by 40%, 
methanol by 34%, acrolein by 36%, and isopropyl alcohol by 42%. 
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When included in the scheme of rectification plant of the impurity concentration column 
output of rectified ethyl alcohol increased by 3.5–3.7%, its indicators corresponded to the of 
regulatory documentation.  

The costs of heating vapour for the process of rectification were determined from the 
heat balance by the cost of water for cooling and its temperature at the inlet of the condenser 
and the outlet of the dephlegmator of column. It was found that, in the conditions of cyclic 
distillation, heating vapour consumption was reduced by 30% compared to typical plants and 
did not exceed 12 kg/dal a.a. supplied with feed. 

It is proved that for effective separation of the mixture in the mode of controlled cycles 
of delay and liquid overflow in the impurity concentration column, it is sufficient to install 
the 30 contact devices mentioned above. 

From the experience of operating of the impurity concentration column, it is known that 
distillation residue is usually returned for a re-cycle of rectification, namely, on the top plate 
of the ether column (Shiyan et аl., 2009). This is due to the fact that the rectification of 
impurities under the conditions of typical distillation does not always ensure the complete 
release of the residue from the key organic impurities, which are further concentrated in the 
process of rectification and impair the quality of the rectified ethyl alcohol. Therefore, 
rectification plants equipped with typical impurity concentration column require an increased 
consumption of heating vapour to produce a high quality final product. 

The use of innovative cyclic rectification technology allows to obtain the distillation 
residue, as free from impurities of alcohol. When increasing the contact time of vapour and 
liquid on the column plates up to 30–40 s in the selected hydrodynamic mode of its operation, 
the total amount of impurities in the in the marketable product decreases by 94–96% of their 
quantity in the feedstock. It is expedient to use such distillation residue to conduct 
hydroselection of impurities in the ether column. The technical solution allows to reduce the 
consumption of hot softened water for hydroselection, the consumption of heating vapour 
and prevents the concentration of organic impurities concentration in the distillation unit 
(Buliy et al., 2019). 

 
 
Conclusions  

 
1. Hydrodynamic modes of operation of mesh and flake plates in cyclic mode are 

established: vapour velocity in the free section of the column equipped with mesh plates 
should not exceed 0.7 m/s, flake plates – 1.2 m/s; optimum vapour velocity in the holes 
of the mesh plate is 7.5-8.0 m/s, flake plate – 12–14 m/s; for intensive overflow of liquid 
the vapour velocity in the holes should not exceed 1.5-1.0 m/s. 

2. The results of production studies proved the advantages of cyclic rectification for the 
production of high quality alcohol: in the process of separation of alcohol-containing 
fractions in full measure head impurities of alcohol are allocated, the degree of 
extraction of the higher alcohols of sivush oil increases by 38%, methanol – by 15.6%, 
the multiplicity of concentration of head impurities increases by 25%, higher alcohols 
– by 40%, methanol – by 34%, acrolein – by 36%, isopropyl alcohol – by 42%. 

3. Vapour consumption in the impurity concentration column is reduced by 40% in 
comparison with typical units operating in the stationary mode and does not exceed 12 
kg/dal a.a. introduced with feed. 
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 Abstract 
 Introduction. It is studied  the effect of the cryostabilizing 

mixture in the composition of cooked sausages on the formation 
and stabilization of their functional, technological, structural, 
mechanical, and sensory characteristics under conditions of long-
term storage in a frozen state. 

Materials and Methods. The sausage was prepared using a 
cryostabilizing mixture with a content of 2.0, 2.5, 3.0 and 3.5 %. 
The control sausage does not contain a cryostabilizing mixture. 
The cryostabilizing mixture comprised animal protein, bamboo 
fiber, wheat fiber and sodium alginate in a ratio of 1:0.5:0.5:0.5. 
The sausages were frozen at –18 °C for 30 days.  

Results and discussion. The addition of the cryostabilizing 
mixture to minced meat systems significantly improves their 
moisture retention (by 9.7–17.3%) and fat retention (by 9.4–
9.7%), and increases the stability of the systems by 15.7–16.5%. 
The use of a mixture of 2.5–3% provided better sensory 
characteristics, including greater juiciness and structure density. 
Weight loss during defrosting and heat treatment decreased by 
10.24–14.67%, and water activity decreased by 0.048, which 
contributed to the shelf life of sausage products. The 
cryostabilizing mixture also reduces the cryoscopic temperature 
of meat systems by 2.82–4.52°C and improves the structural and 
mechanical properties of products after defrosting. 

The most significant changes in sensory quality indicators: 
insufficient juiciness, fragility of the structure, lower yield, and 
higher losses during heat treatment by 6.18–7.25% were observed 
in control samples after freezing, storage for 30 days, and 
thawing.  

The best structural and mechanical properties (penetration 
stress 27.37–27.63 Pa) were obtained for thawed samples of 
sausage products with the addition of a cryostabilizing mixture in 
the amount of 2.5%–3.5%. The consistency and density of such 
products almost did not differ from the consistency of chilled 
products, and single stratifications of the structure were visible in 
their section, but in a very small amount.  

Conclusions. The study proved that the use of 2.5–3% 
cryostabilizing mixture improves the sensory and structural and 
mechanical properties of cooked sausages.  
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Introduction 
 
One of the promising areas for minimizing negative changes in meat products during 

freezing is the use of cryoprotective food ingredients that prevent the formation of large ice 
crystals and tissue dehydration (Simakhina et al., 2024; Sun et al., 2022). It has been shown 
that a composite cryoprotective mixture in the amount of 3% reduces the cryoscopic 
temperature of minced meat systems by 2.09–2.81°C, reduces the mass fraction of frozen 
moisture by 1.7%, and reduces the water activity index by 0.031–0.067 (Shevchenko et al., 
2020).  

The mechanism of action of these ingredients is to reduce the number of crystallization 
centers, which is especially important for sausage products stored for a long time at low 
temperatures (minus 18 °C and below) (Tian et al., 2021). The expediency of using 
hydrocolloids (carrageenans, xanthan gum, guar gum, sodium alginate, etc.) in meat product 
technologies has been established to improve their functional and technological properties 
and sensory characteristics (Dromenko et al., 2021; Shevchenko et al., 2020). Such 
ingredients provide an increased yield of meat products, improve their consistency, and 
extend shelf life (Ramadhan et al., 2012; Stabnikova et al., 2022). 

Cryoprotectants also help to reduce water mobility in minced meat systems, which 
affects the process of ice formation, increasing the plasticity of products and ensuring the 
stabilization of their quality characteristics after freezing (Keniyz, 2014; Lee et al., 2002). 
During the storage of frozen meat products, proteins are denatured and aggregated, which 
leads to the loss of their functional properties. This process is exacerbated by the formation 
of intracellular ice and changes in salt concentration during water freezing (Castro-Giraldez 
et al., 2014; Yancheva et al., 2014). The use of cryostabilizing ingredients allows to protect 
protein macromolecules from denaturation, maintaining their functional and technological 
properties, in particular, emulsifying and moisture-binding capacity (Sharpe et al., 2009; 
Tuan Pham, 2014). 

Studies have also confirmed the effectiveness of dietary fiber (wheat, plantain, etc.) in 
protecting minced meat systems from cellular degradation during freezing due to their 
hydrophilic properties (Castro-Giraldez et al., 2014; Tomaniak et al., 1998). In addition, 
polysaccharides, such as sodium alginate, due to their gel-forming properties, reduce the rate 
of water crystallization, which reduces osmotic drops and protects cells from destruction. The 
use of these components in sausage stuffing systems is a prerequisite for maintaining their 
quality and extending shelf life (Keniyz, 2014; Sapiga et al., 2021). 

The effect of freezing on the quality of sausages is not well understood, and this requires 
additional research. It is necessary to substantiate the method of minimizing the negative 
effects of freezing on cooked sausages, to investigate the cryostabilizing ability of the mixture 
in model samples, and to assess its effect on the quality of sausages during long-term frozen 
storage. 

The aim of research is to study the cryostabilizing ability of the mixture in the 
composition of cooked sausages for the purposeful formation and stabilization of their 
functional, technological, structural, mechanical and sensory characteristics under conditions 
of long-term storage in a frozen state.  
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Materials and methods 
 
Cryostabilizing mixture 
 

Composition of protein-polysaccharide cryostabilizing mixture: animal protein 
“ScanPro™ A-95” (Essentia) – a highly functional cold-brewed animal protein made from 
natural food pork raw materials by mechanical and heat treatment, dietary fiber: bamboo and 
wheat (Shandong Jianyuan Foods Co, Ltd.), sodium alginate (E401) (Shandong Jiejing 
Group Corporation) in a ratio of 1:0.5:0.5:0.5. The degree of hydration of the protein-
polysaccharide composition was 1:6. 

 
Recipe of the tested samples of cooked sausages 
 
The sausages were made on the basis of pork (20%), chicken fillet (20%), minced 

chicken (20%), beef vein emulsion (20%) and lard (20%). In the production of minced meat 
for the cooked sausage test samples, the protein-polysaccharide mixture was added at 2.0, 
2.5, 3.0 and 3.5% to replace the same amount of chicken fillet.  

  
Preparation of sausage samples 
 
The boiled sausage mince samples were ground with ice in a cutter to a temperature of 

12 °C for 15 min, formed into a 55 mm diameter protein sausage casing, and heat-treated in 
a thermal chamber according to the heat treatment programme for boiled sausages in a natural 
protein casing. The finished sausage products were cooled to 12 °C for 8 h and frozen at 
minus 18 °C. The shelf life of the sausage samples at minus 10 °C was 30 days. The heat 
treatment of the experimental sausage samples, until the temperature in the centre reached 
70–72 °C, was carried out before freezing and after defrosting. Defrosting was carried out at 
a temperature of 20±2 °C for 1.5–2 hours.  

 
Methods for studying properties of cryostabilizing mixture and cooked sausages 

and optimizing their composition 
 
The sensory parameters were determined in all samples before and after heat treatment: 

appearance, cut appearance, smell, taste, color, juiciness, and consistency (Savinok et al., 
2017). Physicochemical (pH, moisture, protein, ash, fat content), functional and 
technological (emulsion stability, moisture binding capacity, emulsifying capacity, fat 
retention capacity, finished product yield), structural and mechanical (penetration stress), and 
water activity (аw ) parameters were also studied. 

Sausage products were manufactured and tested in accordance with raw material 
restrictions that regulate the use of quality meat raw materials, permissible additives, 
moisture, fat, protein levels, and technological processes to ensure the safety and quality of 
sausage products. 

 
Determination of the mass fraction of moisture. The mass fraction of moisture was 

determined according to the ISO 1442:1997 method used for meat and meat products. This 
method involves drying a sample of meat or meat product at a specific temperature to a 
constant weight. The weight loss of the sample during drying is considered the amount of 
moisture. 
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Determination of the mass fraction of fat. The mass fraction of fat was determined 
according to the ISO 1443:1973 method used for meat and meat products. The method 
involves the extraction of fat from meat or meat product using an organic solvent. After 
extraction, the fat is determined by measuring its mass. 

 
Determination of the mass fraction of protein. The mass fraction of protein was 

determined by the Kjeldahl method “Agricultural food products. General guidelines for the 
determination of nitrogen content by the Kjeldahl method (ISO 1871:1975, IDT)”. 

 
Determination of the mass fraction of minerals. The mass fraction of minerals is 

determined by the gravimetric method after burning organic matter in a muffle furnace at a 
temperature of 500–700°C for 5–6 hours to a constant mass. 

 
Determination of sensory characteristics of sausages. Sensory characteristics of 

sausages: the method is to assess the quality of sausage products according to five criteria: 
appearance, consistency, color in the cut, smell and taste. Each of these indicators is rated on 
a five-point scale, where 5 is excellent and 1 is unsatisfactory. The assessment is carried out 
by a group of experts who analyze the product according to the established parameters to 
determine its compliance with quality standards. 

 
Determination of Water-Binding Capacity (WBC). The water-binding capacity of 

the research objects was determined using the Grau-Hamm press method, modified by 
Volovynska and Kelman. The method is based on the extraction of water from a 300 mg 
sample during a 10-minute pressing with a weight of 1 kg. The determination is carried out 
by measuring the size of the spot left on filter paper after the absorbed moisture is released. 
The outline of the spot from the pressed meat is drawn with a pencil. The size of the wet spot 
(outer) is calculated as the difference between the total area of the spot and the area formed 
by the meat (product). The WBC content is calculated using the formula: 

ܥܤܹ =
ܣ) − ×(ܤ8.4 100

ܣ  
where: WBC – the water-binding capacity, % of total moisture; 

 A – total moisture content in the sample, mg; 
 B – wet spot area, (cm²). 
 

Determination of emulsion stability. The emulsion stability (ES) of the coarse raw 
material was determined by heating at 80°C for 30×60s and cooling with water for 15×60s. 
Then, four 50 cm³ calibrated centrifuge tubes were filled with the emulsion and centrifuged 
at a rotational speed of 500 s-1 for 5×60s. The volume of the emulsified layer was then 
determined. The stability of the emulsion was calculated by the formula:   

ܵܧ =
ܸ₁
ܸ₂ × 100 

where:  
  V₁ – the volume of emulsified oil, cm³;  
  V₂ – total volume of the emulsion, cm³. 
 

Determination of Emulsifying capacity. The emulsifying capacity (EC) was 
determined after centrifuging a mixture of oil, water, and emulsion at a rotation speed of 500 
s⁻¹ for 10×60 s. The volume of the emulsified oil was then measured, and the emulsifying 
capacity was calculated using the following formula: 
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ܥܧ =
ܸ₁
ܸ₂ × 100 

where: V₁ – volume of emulsified oil, cm³; 
 V₂ – total volume of oil, cm³. 
 

Determination of the penetration stress. Penetration stress of the sausages was 
determined using a Brookfield DV1 digital viscometer by the depth of the indenter immersion 
in the test sample at 20°C. Three measurements were made on the open surface of the sample 
at a distance of at least 10 mm from the edge of the product and at the maximum distance 
from the points of other measurements so that the deformed part of the surface did not enter 
the measurement area, after which the penetration value was converted to the penetration 
stress value. 

 
Determination of water activity. The water activity (аw) of the model minced meat 

systems and sausages was determined using a rotronic Hygro Palm-23 analyzer.  The 
cryoscopic temperature of the model minced systems and sausages was measured using the 
method of thermal analysis based on the construction of temperature change curves over time. 
 
 

Results and discussion 
 
Optimisation of the degree of replacement of meat raw materials with a 

cryostabilising mixture of animal proteins, polysaccharides and dietary fibers  
 
In order to offset the negative effects of freezing on the functional and technological 

properties of low-functional meat raw materials and cooked sausages, as well as to prevent 
significant crystal formation and slow down the freezing process, the cryoprotective 
properties of a protein-polysaccharide mixture based on animal proteins, polysaccharides and 
plant fiber were investigated (Yancheva et al., 2014). Protein and vegetable fibers, such as 
bamboo and wheat, were chosen as cryostabilising components. Protein products, as high 
molecular weight substances, are able to reduce the growth rate of crystals and protect muscle 
cells from osmotic and temperature changes (Shevchenko et al., 2018).  In addition, they can 
stabilise meat systems during storage. 

Adding vegetable fiber to products subject to freezing and thawing can improve their 
texture, retain moisture and ensure consistent quality of the final product (Petracci et al., 
2013).  The sodium salt of alginic acid was used as a polysaccharide component. It is known 
that sodium alginate and bamboo and wheat fibres improve the consistency of food products, 
adsorb water, reduce weight loss, and enrich them with ballast substances (Yancheva et al., 
2014). The principle of action of these substances is based on the formation of an amorphous 
structure in the food system, a decrease in the number of crystallisation centres and a decrease 
in the water activity index. 

 
Study of chemical composition and functional and technological properties 
 
In order to develop recommendations for the use of the mixture as a cryostabilising 

ingredient, the chemical composition and functional and technological properties (FTP) of 
model minced meat systems with different levels of its use were investigated. The results of 
the study are presented in Table 1. 

 



 

38      ───Ukrainian Journal of Food Science.  2024.  Volume 12. Issue 1 ───  

Table 1 
Chemical composition and functional and technological properties of model minced meat 

systems using the mixture (n=3) 
 

Indicators Samples 

Control Prototypes with the mixture, % 

2.0  2.5  3.0   3.5  
Mass fraction 
of moisture, % 72.03±3.14 71.47±3.35 71.50±3.40 71.67±3.39 71.56±3.41 

Mass fraction 
of moisture 
protein, %  

10.04±0.23 10.21±0.41 10.26±0.28 10.30±0.31 10.31±0.19 

Mass fraction 
of fat, % 14.16±0.81 14.64±0.77 14.62±0.71 14.43±0.79 14.54 ±0.78 

Mass fraction 
of 
carbohydrates, 
% 

3.01±0.01 2.91±0.01 2.85±0.01 2.82±0.01 2.81±0.01 

Mass fraction 
of ash, %  0.76±0.02 0.77±0.02 0.77±0.01 0.78±0.02 0.78±0.02 

pH 6.13±0.14 6.15±0.21 6.16±0.17 6.17±0.19 6.17±0.07 
Water-binding 
capacity, %  78.05±3.62 79.11±3.14 79.85±3.6 80.10±3.7 81.14±3.5 

Water retention 
capacity, % 70.90±3.05 74.35 ±3.16 75.17±3.1. 76.01±3.0 76.79±3.0 

Fat retention 
capacity, % 68.78±3.28 76.40±3.2 76.52±3.1 77.63±3.4 77.57±3.4 

Emulsifying 
capacity,% 69.80±3.24 79.90±3.3 79.86±3.1 79.91±3.3 79.88±3.4 

Emulsion 
stability, % 87.30±3.15 89.40±3.3 92.95±3.1 96.40±3.2 96.06±3.5 

Penetration 
stress, Pа 117.25±0.75 24.87±0.95 27.37±1.06 27.54±1.08 27.63±1.07 

Yield of the 
finished 
product, % 

117.58±3.1 118.16±3.1 119.30±3.3 120.78±2.1 121.08±2.3 

 
The introduction of the mixture into minced meat systems as a cryostabilising ingredient 

has a positive effect on increasing the moisture retention (by 3.45–5.89 %) and fat retention 
(by 7.62–8.79 %) capacities of model meat systems, which improves the structure of model 
samples of cooked sausages. When the gelling temperature of the selected polysaccharides 
approaches the denaturation temperature of meat proteins, water separates from the proteins 
and is absorbed by the protein-polysaccharide complexes. This creates stable protein-
polysaccharide complexes. 

An important indicator that determines the quality characteristics of cooked sausages is 
the stability of minced systems. This indicator characterises the content of bound water and 
fat in the meat system (Sharpe et al., 2009). The results of the study indicate an increase in 
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the stability of the meat minced systems of the experimental sausage samples by 2.1–8.76 % 
compared to the control sample. 

When determining the losses after heat treatment of cooked sausage samples, it was 
found that a higher yield (121.08 %) was characteristic of samples with a mixture of 3.5 %.  

The most significant changes in sensory quality indicators (insufficient juiciness, 
fragility of the structure, lower yield, higher losses during heat treatment by 14.66–14.75 %) 
were observed in control samples after freezing, storage for 30 days and defrosting.  

 
Study of sensory properties 
 
According to the results of the sensory study of model samples of cooked sausages, it 

was found that the use of the developed cryostabilising mixture does not lead to noticeable 
changes in the sensory properties of meat systems. The best score, in comparison with the 
control sample, was given to sausage samples with a mixture content of 2.5–3.0 %, which 
were characterised by greater juiciness and structural strength, while samples with a mixture 
content of 3.5 % had too dense a consistency, were not juicy enough and had a worse taste 
(Figure 1).  

 

 
Figure 1. Quality profiles of cooked sausage samples by sensory characteristics and recipe 

composition 
 
 
Study of mass loss after heat treatment 
 
When determining the mass loss of heat-treated model samples of cooked sausages, it 

was found that the use of a cryostabilising mixture in the amount of 2.0 to 3.5 % in their 
composition can reduce mass loss regardless of the type of processing. Thus, the weight loss 
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of the experimental samples of cooked sausages after defrosting and heat treatment was 
reduced by 10.24–14.67 %, respectively, compared to the control sample (Table 2). 

 
Table 2 

Weight loss of heat-treated model minced sausage systems with cryostabilising mixture  
(n=3) 

 
Type 

processing 
Weight loss, %, 

Control Samples with mixture content, % 
2.0 2.5 3.0 3.5 

Heat treatment before 
freezing 

29.33 
±1.12 

20.25 
± 0.93 

17.50 
±0.78 

16.23 
±0.78 

16.42 
±0.79 

Freezing 2.64 
±0.12 

1.96 
±0.09 

1.76 
±0.07 

1.65 
±0.08 

1.66 
±0.08 

Heat treatment after 
defrosting 

33.68 
±1.39 

23.44 
±1.14 

20.49 
±0.98 

18.93 
±0.92 

19.02 
±0.90 

 
Thus, it can be concluded that the use of a cryostabilising mixture in an amount of 2.5–

3 % can reduce the amount of frozen moisture to a minimum during the storage period 
stipulated by the technology at a temperature of minus 18 °C.   

 
Determination of water activity and cryoscopic temperature 
 
The preservative effect of the freezing process is aimed at reducing the water activity 

аw , which contributes to the shelf life of meat systems (Sharpe et al., 2009). The use of the 
cryostabilising mixture as a cryostabilising ingredient in the model minced boiled sausage 
systems also reduces the water activity index аw by 0.048 compared to the control sample. 
The dynamics of changes in the water activity index of meat minced systems and the 
cryoscopic temperature of heat-treated cooked sausage samples after 30 days of storage are 
shown in Figure 2.  

A decrease in the temperature of the onset of moisture crystallisation in minced meat 
systems and, accordingly, a change in the nature of the process of water crystallisation in the 
cellular structure of muscle tissue at an increased content of the cryostabilising mixture in 
the experimental samples also causes a decrease in the water activity index aw (Keniyz, 2014; 
Tuan Pham, 2014). 

The obtained results confirm the expediency of using a cryostabilising mixture in the 
amount of 2.5–3 % as a composition of ingredients whose actions are aimed at cryoprotecting 
minced meat systems from the effects of low temperatures and reducing the water activity 
index aw.   

The protein-polysaccharide mixture also helps to reduce the cryoscopic temperature of 
minced meat systems by 3.82–4.52 °C and increases the moisture retention capacity by 3.45–
5.89 % compared to the control sample, which has a positive effect on the quality of finished 
products.  
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Figure 2. Dynamics of changes in the water activity index in minced meat systems and 
cryoscopic temperature of heat-treated samples of cooked sausages after 30 days of storage 

 
 
Impact of cryostabilising mixtures on the quality of sausage products 
 
According to the results of optimizing the composition of cooked sausages (Table 1), 

the range of the content of the cryostabilizing mixture in minced meat systems as a 
cryostabilizing ingredient is in the range of 2.5 to 3 %, which increases the moisture retention 
(by 3.45–5.89 %) and fat retention (by 7.62–8.79 %) capacities of model meat systems and 
improves the structure of model samples of cooked sausages. The crystallization process 
helps to retain moisture in meat products during heat treatment. This allows the product to 
retain its juiciness and texture, as the water that is usually released when proteins are heated 
does not escape from the product but is absorbed by the polysaccharides. The results of the 
study characterize the ability of meat systems to absorb and retain moisture during heat 
treatment (Tuan Pham, 2014). The determination of losses during heat treatment of model 
minced meat systems showed that a higher yield is typical for samples with the use of a 
cryostabilizing mixture in the range of 2.5 to 3 %. This effect can be explained by better 
retention of immobilized moisture during the heating process due to the capillary effect 
characteristic of dietary fiber and the high processing properties of thermostable proteins 
(Keniyz, 2014; Yancheva et al., 2018). The most significant changes in sensory quality 
indicators (insufficient juiciness, fragility of the structure, lower yield, higher losses during 
heat treatment by 14.66–14.75 %) were observed in control samples after freezing, storage 
for 30 days and thawing.  

When water freezes, the concentration of soluble compounds in aqueous solutions of 
meat systems changes. This, in turn, affects changes in pH and the strength of ionic 
interactions in the layer close to the protein molecule. This phenomenon is a consequence 
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not only of dehydration and aggregation, but also of the breakdown of glycogen remaining 
in the meat before freezing and the formation of lactic acid (Petracci et al., 2013; Yancheva 
et al., 2018). 

 
Role of cryostabilising mixture in the process of cryopreservation 
 
The use of cryostabilising mixtures in minced meat systems before the freezing process, 

due to its hydrophilic properties, can reduce the negative impact of physical and chemical 
factors and protect meat systems from cell destruction during cryopreservation. In addition, 
cryopreservation can slow down oxidative processes, prevent denaturation of proteins, 
molecular complexes and pigments, and deflavour the raw materials. 

The research proves the functional, technological and cryostabilising properties of the 
cryostabilising mixture based on the selected ratio between highly functional animal protein, 
sodium alginate, bamboo and wheat fibre, which increases the moisture retention, fat 
retention and emulsifying capacity and forms the stable properties of model minced meat 
systems and cooked sausages. 

Among all the experimental samples of chilled and heat-treated sausage products, the 
greatest changes in sensory quality indicators (after freezing, storage for 30 days and 
defrosting) were observed in the control samples after defrosting and heat treatment, which 
were characterised by insufficient juiciness fragility of the structure, deterioration of 
consistency due to the formation of large moisture crystals, which destroyed the consistency 
of the product during freezing, contributed to the stratification and deterioration of the 
product structure during defrosting and affected the decrease in yield and higher losses by 
2.9– 3.1 % higher losses during heat treatment. However, the experimental control samples 
in the chilled state, before freezing, had better taste properties compared to the taste properties 
of the samples with the addition of the cryostabilising mixture in the chilled and thawed state. 
This confirms that the addition of sodium alginate can worsen the taste properties of sausage 
products, so its use should be well justified and optimally selected in terms of dosage.  

 
Reasonability of use 
 
The best structural and mechanical properties were observed in the thawed samples of 

sausage products with the addition of a cryostabilising mixture in the amount of 2.5 % and 3 
%. The consistency and density of such products were almost the same as those of products 
that were not subjected to freezing, and single stratifications of the structure were visible in 
their section, but in a very small amount.  

Thus, the results obtained confirm the feasibility of using a cryostabilising mixture in 
the manufacture of sausage products as a substance whose action is aimed at stabilising 
sausage minced systems and their cryoprotection against low temperatures during storage in 
the frozen state of such products at low sub-zero temperatures. 

Thus, there are two promising areas for the use of the cryostabilising mixture in the 
production of cooked sausages to be stored frozen for a long time:  
 stabilisation of functional and technological properties of meat raw materials and 

minced systems; 
 cryostabilisation of minced meat systems when using cooked sausages for long-term 

storage in the thawed state. 
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Conclusions 
 

1. The use of a cryostabilising mixture with a selected ratio between highly functional 
animal protein, sodium alginate, dietary fibers of bamboo and wheat fibre can stabilise 
the sensory and structural and mechanical properties of cooked sausages, help reduce 
weight loss during heat treatment and increase their yield.  

2. The protein-polysaccharide mixture reduces the cryoscopic temperature of minced meat 
systems by 3.82–4.52 °C and increases the moisture retention capacity by 3.45–5.89% 
compared to the control sample, which has a positive effect on the quality of finished 
products.  

3. Due to the cryoprotective effect of the ingredients of the cryostabilising mixture in the 
composition of minced meat systems in the amount of 2.5–3%, the water activity index 
aw  decreases by 0.048, which helps to extend the shelf life of sausage products of meat 
systems. 

4. Due to their hydrophilic properties, animal protein, sodium alginate, dietary fibres of 
bamboo and wheat fibre can reduce the harmful effects of physicochemical factors and 
protect the minced systems of cooked sausages from cell destruction during 
cryopreservation, so they can be used in the production of cryostabilising mixtures for 
meat products. 
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 Abstract 
 Introduction. The aim of study was to determine the effect of 

the number of compression cycles and rotary table speed on the 
strength and friability of tablets.  

Materials and methods. Two tablet samples manufactured on 
an industrial rotary pressing machine with a rotary table speed of 30 
to 80 rpm were studied. Tablet strength was assessed by the breaking 
stress in the diametrical direction, and abrasion was measured by the 
percentage of mass loss during processing in a rotating drum. 

Results and discussion.  With an increase in the number of 
pressing cycles from 28,000 to 280,000, which corresponds to 
approximately 8 to 80 hours of machine operation, the tablet strength 
decreases to 10% of the initial value of 1.02–1.52 MPa. The decrease 
in strength occurs according to a parabolic dependence - during the 
first 100,000–150,000 cycles (30–35 hours of press operation) it is 
insignificant, and then accelerates. Under the conditions of this study, 
the process should be stopped after 200,000–250,000 pressing 
cycles, that is, after approximately 60–70 hours of press operation. 

An increase in the friability value was observed with increasing 
the compressing cycles: at the beginning of the experiment, the 
percentage of friability was 0.18–0.30%, at the end of the experiment 
it increased to 1.19–1.24%. When the rotation speed of the rotary 
table increases from 35 to 80 rpm, the percentage of friability of 
tablets increases from 0.15 to 1.24%, and the strength was decreases 
from initial 2.3–3.5 to 10% with linear dependence. The value of 
tablets friability was higher than pharmacopoeia recommendation 
(1%). The decrease in tablet quality is explained by product sticking 
to the press tool surface, increased surface roughness, friction 
coefficient, and adhesive strength. As a result, the outer layer of the 
tablet had lower strength properties and was subject to rapid 
destruction. The reduction in strength at a higher rotation speed of 
the rotary table is explained by a decrease in the holding time in the 
die and a higher speed of pushing out of the tablet, which reduces the 
strength of its outer layers. Increased friability of the tablet affects 
subsequent technological operations: dust accumulates in the tablet 
feed channels for blister packaging, making it difficult to move them, 
and the tablets lose weight when applying a coating on drum 
machines. A decrease in the strength of the tablet leads to its 
fragmentation during various technological operations and storage.  

Conclusions. For the tablets used in the study, the optimum 
table rotor speed was 50 rpm. Increased rotation speed and 
productivity can be achieved by more frequent polishing of the die 
and punch surfaces. 
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Introduction 
 
When pressing on rotary machines, deviations in the strength and friability of tablets 

may be observed, which leads to a violation of their technological parameters (Siiriä et al., 
2011), namely, in their integrity during subsequent coating, packaging, transportation and 
storage operations (Herasymenko et al., 2024; Natoli et al., 2017), can affect product safety 
(Gordiienko et al., 2015), and affect the profitability of production. 

It is obvious that the strength and friability of tablets are primarily influenced by the 
technology and degree (effort) of tablet pressing. However, these indicators can also be 
affected by the operating parameters of the pressing equipment, in particular, the rotation 
frequency of the rotary table of the pressing machine, and the number of pressing cycles, i.e. 
the number of tablets produced in one press pair "die-punch" (Herasimenko et al., 2024). The 
influence of these factors is not sufficiently described in the scientific literature, so the issue 
requires additional research. 

There is disagreement about the terminology characterizing the strength properties of a 
tablet. The terms "hardness", "strength", "tensile strength", "breaking stress" are used. Most 
researchers consider the term "strength" to be correct, characterizing the stress at which a 
tablet breaks under lateral (diametrical) compression. Note that "strength" cannot be called 
"hardness": from a mechanical point of view, these are different quantities measured by 
different methods. 

Usually, at determining the strength, the shape of the tablet is not paid attention to, 
however, it has a scientific interest the determination of stresses in tablets of different shapes 
– from the usual flat (cylindrical) to more complex ones: convex, capsule-shaped, oval, and 
others. These problems are solved by mathematical modelling, and more recently by using 
software packages based on the finite element method (Pitt et al., 2016; Siiriä et al, 2011). 

To characterize such a phenomenon as the separation of small dust-like particles from 
a tablet, the terms "scraping", "friability", "abrasion", “wearability” are found, and the 
incorrect terms "fragility" and “brittleness” is occurred. Brittleness is the property of a 
product to fracture with little elastic deformation and without significant plastic deformation 
(Goots et al., 2016; Rösler et al., 2007), this term is relevant for ceramic products, glass, 
concrete, etc., but it cannot characterize the loss of tablet mass due to the separation of its 
small particles. The term "friability" is commonly used and corrected. 

The value of tablet strength is usually not regulated by external regulatory documents 
and the Pharmacopoeias (Pharmaeducation, 2024), and is set by the drug manufacturer 
(CDER, 2015). However, the deviation from the accepted strength should not exceed 5%. 
Usually, the lateral force at which the tablet breaks is between 40 and 100 N, and the strength 
derived from it depends on the size of the tablet (Pharmaeducation, 2024). 

According to the harmonized European Pharmacopoeia, the value of friability should 
not exceed 1% (European pharmacopoeia, 2024), however, some researchers consider this 
value to be overestimated and recommend a friability value of 0.3–0.5% (Podczeck, 2007). 

The strength and friability of tablets are influenced by the technology, degree of 
pressing, type and modes of operation of the equipment, the geometrical parameters and state 
of the pressing tool surface. Taking into account a significant number of random factors, the 
strength and friability of tablets are supported technologically, and instrumentally – by setting 
the pressing tool and the operating modes of the equipment. 
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Most researchers pay attention to the dependence of strength and friability only on the 
technology of tablets, compression force or degree of pressing. For example, with an increase 
in compressing force (and, accordingly, the degree of pressing) from 8 to 30 kN, the strength 
of the tablet increases from 0.2 to 1.4 kPa; with high compressing force, the strength of the 
tablet changes slightly (Pitt et al., 2013). However, the experience of engineers and adjusters 
of compressing equipment indicates that strength, friability and other quality indicators are 
affected by the kinematic parameters of the press and its operation time. During several 
workdays of the compression, the tablet strength may decrease by more than 10%, and the 
friability may exceed 1% (Herasymenko et al., 2024). Similar indicators of failure occur at 
high speeds of the rotary table. Therefore, the issue of regulating the structural-mechanical 
and quality indicators of tablets by changing the operating parameters of the equipment and 
the condition of the surface of the pressing tool requires additional research. 

The aim of the study was to determine the effect of the number of compressing cycles 
and the rotational speed of rotary table of the press on the strength and friability of tablets. 

 
 
Materials and methods 
 
The strength and friability of tablets were studied. This study is not medical one, does 

not make any medical claims, and is intended solely to determine the effect of pressing 
process parameters on tablet strength and friability. 

 
Materials 
 
Strength of two well-known medicines in the form of tablets were studied: 

 Tablets 1 were made on the basis of: citric acid monohydrate, potato starch, povidone, 
cocoa, calcium stearate, and API: acetylsalicylic acid, paracetamol, and caffeine. 

 Tablets 2 were made on the basis of: potato starch, talc, calcium stearate, and AFI 
sodium metamizole. 

 
Equipment 
 
The tablets were produced under industrial conditions on a Korsch XL 400 tablet 

compression machine. The machine provides the possibility of working with a value of 
preliminary pressing of 20 kN and main pressing of 100 kN, a maximum productivity of 
338,000 tablets per hour at a maximum rotary table speed of 120 rpm. 

The schematic diagram of the tablet compression machine is shown in Figure 1. The 
main operations – filling the die with granulate, preliminary and main compression of the 
tablet, pushing out the tablet. 

During the study of tablets for strength, the tablets were taken every eight hours of 
continuous operation of the press (or every 28.2 thousand finished tablets per one die). For 
each study, 10 tablets were selected. 

During the study of tablets for friability, the rotary table speed was 35, 50, 65, and 80 
rpm. 12 tablets were used for each friability test. 
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Figure 1. Schematic diagram of Korsch XL 400 tablet compression machine 
 

 
Determination of tablet strength 
 
The strength (or ultimate strength) (European pharmacopoeia, 2024) of a tablet was 

determined by a method generally accepted in pharmaceutical activity: the tablet was 
compressed in the diametrical direction, the destructive force P at which the tablet was 
destroyed was determined, and according to the destructive force, the ultimate strength р 
was determined. 

The strength (ultimate strength) of the tablet р is the ratio of the destructive force to 
the cross-sectional area of the tablet: 

р
P

d h
 


, Pа                                                    (1) 

where P is the destructive force, H; d – tablet diameter, m; h – tablet height, m. 
Destructive force P of a tablet is a force applied in the diametrical direction at which 

the tablet is destroyed. 
 
In this study, the destructive force of the tablet was determined on the device for strength 

determining the PTB-M 300 N Pharma Test. The working element of the device is two 
sponges directed towards each other, which move in the horizontal plane and compress the 
tablet in the diametrical direction. The accuracy of the device is 1 N. Each test was repeated 
10 times. 

 
Determination of tablet friability 
 
Tablets were tested for friability using the "ERWEKA TAR II" device, where working 

element is a rotating drum with one blade (European pharmacopoeia, 2024). 
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The drum was made from transparent polymer material. The inner diameter of the drum 
is 283–291 mm. The rotational speed was 25±1 rpm. A blade of a certain shape was installed 
in the drum, which creates the lifting and lowering of the tablet. During the rotation of the 
drum, the tablets fall from a height of 156±2 mm or 6 inches (European pharmacopoeia, 
2024). 

10 tablets are dedusted, weighed and placed in the drum, close the lid and turn on the 
device for 4 minutes. After that, the procedure of weighing them is repeated. 

The friability index P, %, was determined by the formula: 

100 100b f

b

P P
F

P


                                                 (2) 

where Рb, Рf – the mass of tablets before and after experiment. 
 
Assumptions  

 
 API does not have a significant effect on strength and friability indicators; 
 The change in strength and friability of tablets, like other quality indicators, depends on 

the number of compressing cycles – that is, how many tablets were produced by one 
press couple (die-punch). The indicator "Number of compressing cycles" is convenient 
to use when the results are analysing and comparing, for example, if the experiment was 
carried out on other compression machine with a different rotary table speed, or on static 
(crank) presses. 

 The strength and friability indicators are depended not the rotary table rotational speed, 
but by the speed of movement of the punches caused by it, and, accordingly, by the 
speed of compressing and pushing out the tablet. 

 
 

Results and discussion 
 
Effect of number of compressing cycles on tablet strength 
 
For two tablets of tablets, it was observed a decrease in their strength up to 10% during 

three hundred thousand cycles of compressing cycles, which is 80 hours of the tablet press 
operation. 

With an increase in the number of compressing cycles from 28 to 280 thousand, which 
is approximately from 8 to 80 hours of press operation, the strength of tablets 1 decreases 
from 1.02 to 0.91 MPa, and of tablets 2 – from 1.52 to 1.40 MPa (Figure 2). The decrease in 
the strength of tablets occurs according to a parabolic dependence – the first 100–150 
thousand cycles (30–35 hours of press operation) it is insignificant, and then it accelerates. 
Over time, the strength of the tablets decreases by more than 5%, therefore, in order to 
guarantee constant product quality, the process should be stopped and measures taken to 
restore the initial strength. In this study conditions, the process should be stopped at 200–250 
thousand compressing cycles, that is, approximately 60–70 hours of press operation. 

The manufacturer must guarantee the stable strength of the tablets, but it decreases 
during long-term operation of the tablet press. One of the methods known in practice to 
maintain stable strength is monitoring the condition of the surface of dies and punches, in 
particular, to carry out periodic polishing (Qiu et al., 2020). 
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Figure 2. Effect of number of compressing cycles on the strength of tablet: 
1 – Tablets 1; 2 – Tablets 2  

 
 

Preliminary observations in this experiment showed that after polishing the working 
surfaces of the punches and dies, the strength of the tablet returns to the initial values within 
7–10 times, but then other disturbing factors appear that lead to a decrease in the initial 
strength of the tablets. This issue requires additional research. 

In the case of this study, it is suggested to polish the pressing tool after 48 hours of 
working operation. 

The decrease in tablet strength during long-term press operation can be explained by 
the fact that a sticky layer is formed on the surface of the press tool, and, accordingly, the 
force (stress) of friction and pushing out the tablet in the die increases (Figure 3). As a result, 
the surface layers of the tablet are less strong, and the distribution of the tablet density along 
the height and width is inconsistent. 

 

 

 
 
 

Figure 3. Forces acting on tablet lateral surface 
during pushing out from die: 
1 – die; 2 – punch; 3 – tablet. 
Ff – friction force, H;  
 – friction stress, Pa. 
 
The gray region is zone of intensive destruction of the 
tablet lateral surface. 
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Effect of rotary table speed on tablet friability 
 
Information obtained from specialists who maintain tableting equipment and personal 

observations have shown that tablets made at high rotary speeds have lower strength and 
higher friability rates. The rational speed of the rotary table is usually determined based on 
production experience and validation protocols of the drug production process. 

  When the rotation speed of the rotary table increases from 35 to 80 rpm, the percentage 
of friability of tablets 1 increases from 0.15 to 1.24% (Figure 4). 

 

 
 

Figure 4. Effect of rotary table speed (n) on tablet friability  
 
 

According to the above assumption, friability is affected not by the rotation speed of the 
rotary table, but by its derivative – the speed of movement of the punches in the die, and, 
accordingly, the speed of pushing of the tablet from the die. It is explained by the fact that at 
high speeds of pushing the tablet out of the die, the outer layer of the tablet is destroyed due 
to high frictional forces (Fig. 3). This layer is excessively worn away in the following 
technological and finishing operations. This type of defect is negatively manifested during 
coating process in drum and fluidized bed machines (Salawi, 2021), transportation between 
equipment and during the packaging of tablets in blister. 

The effect of sliding speed on the friction coefficient or stress has been reported in other 
studies. For example, for semi-finished products and food products with high adhesion 
strength indicators (bread, meat products, cheeses), the friction (or adhesion) stress increases 
significantly at high sliding speeds, and this affects their machining by cutting. For products 
with low moisture content, the effect of sliding speed on friction (adhesion) stress is 
insignificant (Gubenia et al., 2010). 

Additional research is needed for other factors affecting on a friability, in particular, 
vibration in the press tool, surface roughness of the die and punch, methods and depth of 
periodic polishing. 
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Effect of number of compressing cycles on tablet friability 
 
An increase in the friability value was observed with increasing the compressing cycles: 

at the beginning of the experiment, the percentage of friability was 0.18–0.30%, at the end 
of the experiment it was 1.19–1.24% (Figure 9). 

 

 
 

Figure 5. Effect of number of compressing cycles on friability of tablets  
 

 
The consequence of tablet friability during packaging – dusty channels for feeding 

the tablet into the cell of the blister pack (Trudko et al., 2024) (Figure 6). In the event of 
dusting, the tablets get stuck in the streams and do not enter into the blister cells – empty cells 
appear. It takes time to clean equipment elements from dust, and it is undesirable in 
production.  

 

          
 

Figure 6. Dusty cells of feeder in the blister machine 
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Effect of rotary table speed on the strength of the tablets 
 
In industry conditions, a rational compressing speed is usually set for each type of tablet, 

which depends on the rotary table speed (Tye et al., 2005). At high compression speeds, tablet 
strength decreases (Swarbrick, 2007). 

During the experiment, an almost linear dependence of tablet strength was observed 
within the range of rotary table speed from 35 to 80 rpm (Figure 7). 

 

 
 

Figure 7. Effect of rotary table speed (n) on tablet strength: 
1 – Tablets 1; 2 – Tablets 2   

 
 
It is explained by the fact that at high compression speeds the tablet structure does not 

have time to form, and high pushing out speeds lead to increased frictional forces and 
destruction of the outer layers of the tablets. 

Within the examined range of rotary table speed, the strength of tablets decreases to 
20%. Taking into account the need to ensure stable indicators of the quality of tablets, it is 
not advisable to exceed the rotary table speed more than 50 rpm. 

Tablet strength is probably also affected by the holding time when the upper and lower 
punches are stationary. The holding time is depended on the size of the flat surface of the 
punch head flat, which is in contact with the pressure roller (Swarbrick, 2007). It should be 
noted that the head radius and angle, which are responsible for the movement of the punch, 
decreases, and, accordingly, the speed and acceleration of the punch will increase.  

 
 
Conclusions 

 
1. The number of compressing cycles in the press couple “Die-punch” affects the 

strength of the tablet: after 300,000 cycles, the tablet loses up to 8% strength on 
average. This is explained by the sticking of the product on the surface of the die 
and the punch, an increase in the roughness of their surface and, accordingly, an 
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increase in the coefficient of friction and adhesion strength. As a result, the outer 
layer of the tablet has lower strength indicators and is intensively destroyed. 

2. Within the working range of the rotary table speed from 30 to 80 rpm, the strength 
of the tablets can decrease by 10%. This is explained by a change in the compressing 
speed and a decrease in the holding time of the tablet in the die. 

3. With an increase in the rotary table speed from 30 to 80 rpm, the tablet friability 
increases from 0.2 to 1.2%, it is more than the regulated pharmacopoeial (1%) and 
recommended (0.5) norms. It is due to a decrease of the holding time of tablet in the 
die and a higher pushing out speed, which reduces the strength of the outer layers 
of the tablet. High friability leads to a worse quality of applying a protective coating 
to the tablet, an increase in the number of scraps at the coating stage, and dustiness 
of the feeder of the blister machine. 

4. Increasing strength and friability indicators imposes restrictions on the rotary table 
speed. For the tablets used in this study, it is 50 rpm. An increase of speed, and, 
accordingly, productivity, is possible due to more frequent polishing of the surface 
of dies and punches. 
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 Abstract 
  

Introduction. The aim of the study was to develop the 
technology of non-alcoholic wine from Isabella grapes by 
vacuum dealcoholization with maximum preservation of varietal 
sensory properties of the initial wine material and harmonization 
of taste by adding grape must cryoconcentrate.  

Materials and methods. The wine material was unprocessed 
dry red from the Isabella grape variety (Ukraine) cryoconcentrate 
of grape must. Dealcoholization was carried out using vacuum 
distillation. Physico-chemical indicators of dealcoholized wine 
were determined using chromatography. Sensory properties were 
evaluated using special methods. 

Results and discussion. In the process of dealcoholization, 
the content of ethyl alcohol decreased from 9.8% to 0.4% by 
volume, which was accompanied by a decrease in the 
concentration of volatile acids, aldehydes, and esters while 
preserving a significant part of phenolic compounds (catechins, 
proanthocyanins), important for the antioxidant activity of the 
drink. Studies have shown that vacuum distillation reduces not 
only the content of ethanol, but also methanol by up to 30%, 
which increases the level of safety of non-alcoholic wine 
consumption. 

Dealcoholization by vacuuming leads to an increase in the 
concentration of organic acids, tartaric and malic, which 
negatively affects the taste characteristics. To correct the taste 
properties, cryoconcentrate of grape must was added to the 
dealcoholized wine in different dosages. Sensory evaluation, 
carried out according to the methodology of the International 
Organization of Grapes and Wine, made it possible to note that 
this approach contributed to obtaining the taste harmony of the 
drink. The sweetness of the drink reduced the feeling of excessive 
acidity, which helped to balance the taste of non-alcoholic wine. 

Conclusions. The results confirmed that the application of 
vacuum distillation in combination with the use of grape must 
cryoconcentrate is an effective way of obtaining non-alcoholic 
wine with pleasant sensory characteristics, ensuring its appeal to 
consumers and preservation of useful properties. 
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Introduction 
 
Non-alcoholic wine Dealcoholization Sensory indicators Vacuum distillation 

Cryoconcentrate 
The global non-alcoholic wine market is over USD 10 billion and is estimated to still 

grow at a significant CAGR (compound annual growth rate) of over 7% between 2019 and 
2027, reaching a revenue share of over USD 30 billion (Sarkissian and Liganenko, 2020). 

The first references to the production of alcohol-free wines date back to 1869, when the 
American Thomas Bramwell Welch, being a strong supporter of the movement for the 
moderation of alcohol consumption, produced this product by the pasteurization method 
(Sawler et al., 2013). Later, in 1908, the German scientist Carl Jung patented the technology 
of alcohol-free wine by applying a vacuum to lower the distillation temperature to 35 °C 
(Gornostay, 2011). 

Dealcoholization of wine can be achieved by several methods. These methods can be 
classified into three groups based on the principle or mechanism of ethanol reduction and 
removal at various stages of wine production, including reduction of fermentable sugars (pre-
fermentation stage), reduction or limitation of ethanol production (fermentation stage), and 
ethanol removal by membrane separation or heat treatment (post-fermentation stage) 
(Uspalenko et al., 2024). 

In literary sources, there are studies of various ways of reducing the alcohol content in 
wines. The simplest of them is diluting the wort with water or adding juice from unripe grapes 
to the wort, which is called "green wort". In countries such as South Africa, New Zealand, 
Australia, and the USA (except California), water is allowed only as an aid in the preparation 
of stabilizing materials for the processing of wine materials, and the use of "green must" leads 
to negative changes in the sensory quality of wines (Kroiruddin et al., 2018). 

To reduce the fermentable sugars in the wort, juice filtration is used using nanofiltration, 
ultrafiltration or reverse osmosis membranes, which have very small pore sizes and can retain 
sugar. At the same time, these methods affect the reduction of the content of polyphenols, 
anthocyanins and color intensity, which negatively affects the sensory properties and 
biological value of wine (Blackman et al., 2017). 

Another way to reduce alcohol in wine is the use of glucose oxidase, which reduces 
glucose in grape juice before fermentation (Ebert et al., 2016). The producer of the enzyme 
is the fungus Aspergillus niger. Glucose oxidase converts β-D-glucose to D-gluconolactone 
in the first step of the reaction, releasing hydrogen peroxide, and catalyzes the conversion of 
D-gluconolactone to gluconic acid in the second step of the reaction. These reactions cause 
the oxidation of glucose in the must, which, accordingly, leads to a decrease in the alcohol 
level in the wine. The increased content of gluconic acid gives the wine excessive acidity and 
has a negative effect on the manifestation of fruit aroma and the reduction of varietal 
characteristics of the aroma (Di Renzo et al., 2014). 

The use of yeast of the genus Metschnikowia or modified yeast strains with a low ability 
to produce alcohol contributes to the reduction of alcohol content by synthesizing a higher 
content of secondary fermentation products. This method only partially reduces the level of 
ethyl alcohol in wine (Suo et al., 2019). 

Hydrophobic absorbents such as zeolites can also absorb ethanol from wine by 
absorption and filtration. This method can be used to produce alcohol-free wines with an 
ethanol content of up to 0.5% by volume (Akyerenko et al., 2021). But extraction methods 
of alcohol reduction are expensive and rarely used in the production of low-alcohol and 
alcohol-free wines. 
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Modern methods of dealcoholization of wines include vacuum and osmotic distillation, 
nanofiltration, and reverse osmosis (Cachon et al., 2006; Schelezki et al., 2020). These 
techniques minimize the loss of important volatile aromatic compounds. 

The formation of harmonious sensory characteristics in non-alcoholic wines during 
dealcoholization or the use of other methods that contribute to reducing the alcohol content 
and harmonizing the balance is extremely important. 

The purpose of the research was to develop the technology of non-alcoholic wine from 
Isabella grapes by vacuum dealcoholization with maximum preservation of varietal sensory 
characteristics of the initial wine material and harmonization of taste by adding 
cryoconcentrate of grape must. 

 
Materials and methods 
 
Materials 
 
Unprocessed dry red wine made from grapes of the Isabella variety, cultivated in the 

Kyiv region, with an alcohol content of 9.8% vol. and cryoconcentrate of grapes must with a 
sugar content of 50-55%. 

  
Experimental setup and dealcoholization conditions 
 
Dealcoholization was carried out by vacuum distillation. Usually, in this method, the 

wine is placed in a strong vacuum. The wine was gently heated to boil off the alcohol at 
temperatures between 20 °C and 38 °C, maintaining a pressure of less than 0.1 bar, since 
vacuum is crucial for effective dealcoholization while preserving the initial sensory 
properties of the wine material (Figure 1) (Uspalenko et al., 2024). 

 

 
 

Figure 1. Scheme of the vacuum distillation method 

 
But,since the Isabella grape variety is known for its high methanol content, 

dealcoholization was carried out in a vacuum apparatus, maintaining a pressure of 6 kPa and 
heating the wine to a temperature of 65 ᵒС, under such conditions, the vapors passed into the 
gas phase and entered another tank, where they condensed and collected. Dealcoholization 
lasted 15 minutes, where 4.5 l of distillate and 13.5 l of dealcoholized wine were obtained 
from 18.00 l of wine. After that, the alcohol-free wine was filtered through laboratory filter 
paper. 
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To reduce acidity and to harmonize the taste of dealcoholized wine, a cryoconcentrate 
was added at the rate of 5-25 g/l and 30-80 g/l to bring non-alcoholic wine to the level of 
semi-dry and semi-sweet, respectively. 

Setting up the experiment 
 

During the experiment, the physico-chemical and sensory quality indicators of non-
alcoholic wines obtained by the vacuum distillation method were investigated in comparison 
with the control sample, and a sensory analysis of the tested wine sweetened with 
cryoconcentrate to different levels of sweetness was also carried out. 
 control sample (Control) – wine with an alcohol content of 9.8% vol. 
 sample 1 – dealcoholized wine by vacuum distillation with an alcohol content of 0.4% 

vol. 
 sample 2 – dealcoholized wine by vacuum distillation with an alcohol content of 0.4% 

vol. sweetened with cryoconcentrate up to 20 g/l 
 sample 3 – dealcoholized wine by the vacuum distillation method with an alcohol 

content of 0.4 % vol. sweetened with cryoconcentrate up to 75 g/l 
At the first stage of the experiment, dealcoholized wine was produced by vacuum 

distillation. At the second stage, a physical and chemical analysis was carried out using the 
chromatography method. To harmonize the taste of dealcoholized wine, grape must 
cryoconcentrate was added to the level of semi-dry and semi-sweet wine. 

The final stage was sensory analysis by a specialized tasting commission. 
 
Determination of sensory properties 
 

Tastings took place in a special room equipped with individual booths and air 
conditioning at 20°C. The testing was conducted by two independent tasting commissions. 

For wine tasting, a standard tasting glass made of thin, clean, transparent glass with a 
capacity of 210-220 ml was used, which makes it possible to operate 60-70 ml of wine for a 
comprehensive sensory assessment of all elements of quality. 

Wine with alcohol content and de-alcoholized wine were evaluated according to the 
Standards of the International Organization of Vine and Wine (Resolution OIV/Competition 
ECO 332A/200). The maximum tasting rating of the experimental samples was 100 points 
and was determined as the sum of points for each indicator: appearance (transparency, color) 
– 14; aroma (authenticity, intensity, quality of aroma) - 30; taste (authenticity, intensity, 
harmonic stability, taste quality) - 44; harmony (general impression) – 11. 

To create the aromatic profiles of the experimental samples, a descriptive method was 
used according to a 10-point rating scale based on the following descriptors: citrus, fruity, 
nutmeg, floral, sweetness, acidity, bitterness, body/fullness, intensity, astringency. 

Graphical representations of experimental data were performed using Microsoft Excel 
2010. 

Comparing the profiles of the experimental samples made it possible to determine their 
differences and draw conclusions about the change in wine quality during dealcoholization. 

 
Determination of physical and chemical indicators 
 

Determination of physical and chemical parameters was carried out in accordance with 
the methods and regulations of the International Organization of Grapes and Wine (OIV). 
Standard protocols and analytical methods recommended by the OIV were used to conduct 
the research, ensuring the accuracy and reproducibility of the results obtained. 
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Processing research results 
 
Determination of physico-chemical indicators of non-alcoholic wine samples was 

carried out in two repetitions. Results are shown as mean ± standard deviation. 
Statistical data processing was performed, including determination of mean content and 

standard deviation (±SD), with four replicates (four collections) for the main compounds 
identified in all four collections analyzed.  

 
 
Results and discussion 
 
Changes in the physical and chemical parameters of wine during dealcoholization 
 
During dealcoholization of wine, complex physicochemical processes take place, in 

which, in addition to the removal of ethyl alcohol, other components of wine are also changed 
- such as volatile ones - aldehydes, acids, higher alcohols, ethers, acetates, organic acids, and 
amino acids (Diban et al., 2008). During the experiment, the alcohol content was reduced 
from 9.8% vol. (control) up to 0.4% vol. It should be noted that due to the removal of alcohol 
from wine, the concentration of wine components occurs, because of which the concentration 
of non-volatile compounds increases (Table 1). 

 
Table 1 

Physico-chemical parameters of dealcoholized wine from Isabella grapes 
 

Indicator Control Sample 1 
Ethanol content, % vol. 9.80 ± 0.40 0.40 ± 0.02 
Mass concentration of sugars, g/l: 3.00 ± 0.15 4.20 ± 0.20 
Organic acids, mg/l:   

titrated acids 6.10 ± 0.30 7.80 ± 0.30 
volatile acids 0.20 ± 0.01 0.15 ± 0.01 
tartaric acid 4.90 ± 0.20 4.20 ± 0.20 
citric acid 0.015 ± 0.007 0.010 ± 0.005 
malic acid 1.00 ± 0.05 2.90 ± 0.15 

Alcohols, mg/l:   
methanol 84.00 ± 4.20 25.20 ± 1.26 
glycerol 3020.0 ± 151.00 3020.0 ± 151.00 
acetaldehyde 19.00 ± 0.95 16.00 ± 0.80 
ethyl acetate 42.00 ± 0.21 40.00 ± 0.20 
higher alcohols (isoamyl and isobutyl) 309.70 ± 15.28 301.30 ± 15.06 
furfural 2.80 ± 0.15 2.00 ± 0.10 
5-hydroxymethylfurfural 13.20 ± 0.66 12.90 ± 0.65 

Hydroxymethylfurfural (HMF), mg/l 2.50 ± 0.12 2.10 ± 0.10 
 

The total content of organic acids undergoes significant changes during 
dealcoholization, this is due to the change in concentration caused by the removal of ethanol 
and water. Organic acids are an important group of compounds in wines because they affect 
the physicochemical and microbiological stability of wines, as well as their sensory 
properties (Coelho et al., 2018). 
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Content of titrated acids increased by 1.28 times. At the same time, the concentration 
of representatives of organic acids varied in different ways. The content of volatile acids 
decreased by 1.33 times, which is characteristic of dealcoholization. The mass concentration 
of tartaric acid decreased by 1.17 times and citric acid by 1.5 times, while the content of malic 
acid increased by 2.9 times. Such transformations lead to a change in the general taste profile 
of non-alcoholic wine, which is expressed in an imbalance of taste and disharmony in the 
sensory perception of wine. Thus, some researchers noticed that dealcoholized wines have 
higher acidity and less bitterness compared to the original (control) sample (Corona et al., 
2019). 

However, it should be noted that organic acids have the ability to interact with alcohols, 
forming complex esters that add a rich aroma and taste to wines. They create harmony of 
taste, which is extremely important for consumers' perception of wine quality. 

A slight decrease, compared to other acids, was observed in tartaric acid, which helps 
maintain acidity, lower pH, inhibit bacterial growth and preserve freshness in wine for a long 
time. In addition, tartaric acid is necessary to improve the structure and flavor profile of wine 
(Yang, 2021). 

As shown in Table 1, malic acid increased 2.9-fold during dealcoholization. This can 
lead to the formation of lactic acid, which negatively affects the stability of the wine and can 
introduce an unpleasant bitter taste. Therefore, it is important to control the level of malic 
acid during dealcoholization. 

Concentrations of volatile substances also changed after dealcoholization of wines. For 
example, when applying vacuum distillation, the content of acetaldehyde slightly decreased 
by 16%. It should be noted that aldehydes play an important role in the formation of sensory 
indicators of wine (aroma, taste). One of the main aldehydes formed during fermentation is 
acetaldehyde. Increasing the content of this aldehyde gives the wine a sharp smell with hints 
of toasted bread, but the decrease resulted in less expressive fruit aromas and flavors, making 
it less saturated and complex in sensory perception (Sam et al., 2021). 

The dealcoholization process also affects other volatile compounds that affect the aroma 
and taste of the wine. Wine contains more than 1000 volatile compounds of various chemical 
classifications (alcohols, esters, fatty acids, aldehydes, terpenes, ketones, sulfur compounds), 
where about 400 volatile compounds are formed during wine fermentation (Esteras-Saz et 
al., 2021). Higher alcohol in wine are formed in the process of alcoholic fermentation, which 
is carried out by yeast. They are by-products of yeast metabolic processes. Higher alcohol 
can be formed from amino acids by the so-called Ehrlich pathway. During this process, amino 
acids are deaminated to their corresponding aldehydes, which are then reduced to higher 
alcohol. 

A representative of monoatomic alcohols is methyl alcohol, which is synthesized before 
and during alcoholic fermentation due to the hydrolysis of pectins by methyl-pectinesterase, 
which is contained in grapes. Pectinase catalyzes the cleavage of ester bonds in pectin, which 
leads to the formation of methyl alcohol and pectic acid (Kucherenko and Bilko, 2020). It is 
known that methanol is a toxic substance that can accumulate in the body and have a harmful 
effect on various organs and systems. In red wines, the methanol content is up to 250 mg/l, 
the results of the study showed that the methanol content in the control sample was 84.00 
mg/l, which is 33.6% less than the maximum permissible norm, and the methanol content in 
the non-alcoholic sample is even lower - 25.2 mg/l. This indicates that methanol is removed 
along with ethyl alcohol during the wine dealcoholization process. 

Other indicators of volatile compounds, such as ethyl acetate and higher alcohols, 
remain almost unchanged, demonstrating the stability of the wine's aroma after treatment. 
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The concentration of hydroxymethylfurfural (HMF) decreased by 1.19 times 2.1 mg/l 
versus 2.5 mg/l, and the mass concentration of higher alcohols decreased by 1.03 times 301.3 
mg/l in non-alcoholic wine versus 309.7 mg/l. The content of furfural decreased by 1.4 times 
to 2.0 mg/l versus 2.8 mg/l, and 5-hydroxymethylfurfural decreased by 1.02 times to 12.9 
mg/l in the non-alcoholic sample versus 13.2 mg/l. Hydroxymethylfurfural and furfural, 
which are markers of heat treatment, have slightly reduced concentrations in the 
dealcoholized sample, which indicates the preservation of the naturalness of the product. 

Therefore, when switching to a non-alcoholic version of wine, there are both significant 
increases in individual indicators and decreases in other parameters, which can significantly 
affect the sensory properties of the product. 

 
Changes in sensory parameters of wine during dealcoholization 
 
During the study, slight changes in the color of the wine were recorded compared to the 

initial (control) sample. Sample 1, obtained by the method of vacuum distillation, retained its 
deep red color with a purple tint and transparency, but also added a light brick shade, which 
was formed during dealcoholization (Figure 2). 

 

  
Control Sample 1 

 
Figure 2. Comparison of the color of the control sample with the dealcoholized sample 

 
 

However, the greatest impact of dealcoholization was found on the aromatic and taste 
characteristics of the wine, which emphasizes the importance of choosing processing 
methods and improving the balance to preserve the sensory properties of the product. The 
results of the comparative sensory analysis of the studied wine made it possible to establish 
their sensory characteristics (Figure 3). 
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Figure 3. Profilogram of red wine from the Isabella grape variety:  
1 — alcoholic wine (control), 2 — dealcoholized wine (sample 1) 

 
 
A careful analysis of the changes in the main descriptors of the experimental samples 

made it possible to establish the following. Dealcoholization of wine is usually associated 
with the loss of volatile aromatic components (Kumar et al. 2024). On the other hand, 
decreasing the ethanol level improves the perception of aromatic components, which can 
compensate for the loss of aroma (Goldner et al. 2009). In this case, both effects probably 
resulted in the perception of the strawberry flavor not changing. The processed wine showed 
a similar expression of fruit tones. Dealcoholized samples are usually described as having a 
slightly reduced but slightly altered intensity of this descriptor. 

The investigated dominant aromatic properties, such as strawberry tones, were 
evaluated almost equally for the dealcoholized wine and did not differ significantly from the 
original untreated wine. Perception of sweet was clearly altered because of dealcoholization. 
The de-alcoholized wines had significantly less sweetness compared to the original wine, but 
the dealcoholized wine sweetened with cryoconcentrate had a higher perceived sweetness 
(Figure 4). 

Based on this, it becomes clear why non-alcoholic wines are usually produced with an 
increased level of sugar, that is, semi-dry or semi-sweet. To compensate for this change due 
to dealcoholization, a cryoconcentrate was added to sweeten the wine to a semi-dry 25 g/l, 
thereby rebalancing the balance. Acidity perception was rated significantly higher for still 
wines without sweetening. Therefore, when choosing wines for dealcoholization, this factor 
should be taken into account and wines with lower-than-normal acidity values should be 
chosen to obtain a balanced product or sweeteners such as cryoconcentrate should be added. 
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Figure 4. Profilogram of non-alcoholic red wines from grapes of the Isabella variety with the 
addition of cryoconcentrate:  

1 — dry (control without the addition of cryoconcentrate);  
2 – semi-dry,  

3 – semi-sweet 
 
 
The bitterness of the original wine was significantly higher in the control wine 

compared to the dealcoholized variants. The direct effect of ethanol in wine is to increase 
bitterness. 

The perception of body and fullness of wine is clearly correlated with alcohol content 
(Grainger, 2009). The higher the alcohol content, the higher this perception. The results of 
this study show a significant difference between the processed variant and the original wine. 
Since body and fullness are clearly considered positive sensory characteristics of wine, 
oenological strategies such as the addition of cryoconcentrate, mannoproteins or tannins can 
partially compensate for the reduction of these sensory parameters due to dealcoholization. 

The study shows that dealcoholization of wine significantly affects its sensory 
characteristics. The sensory characteristics of the aromatic parameters were changed less than 
the attributes affecting the perception of the wine on the palate. The main effects of 
dealcoholization are consistent with the complex sensory characteristics of ethanol in wine. 

 
Conclusions 

 
1. The process of vacuum distillation allows you to effectively reduce the content of ethyl 

alcohol in wine to the level of 0.4% vol. A decrease in the concentration of volatile 
acids, aldehydes and esters is observed within limits that do not critically affect the 
overall quality of the product, ensuring its chemical stability. 
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2. As a result of the dealcoholization process, there is an increase in the concentration of 
organic acids, such as tartaric and malic, which creates a certain imbalance in the 
sensory properties of the drink. 

3. Adding grape juice cryoconcentrate allows you to adjust the sensory properties of the 
drink, creating a balance between acidity and sweetness. This contributes to the 
formation of a pleasant taste profile, softening of bitterness and improvement of the 
aromatic component, which is confirmed by sensory evaluation. 

4. The combination of vacuum distillation and the use of cryoconcentrate is a promising 
technology to produce high-quality non-alcoholic wine. The obtained results 
demonstrate the possibility of creating a drink that meets modern consumer demands, 
preserves the benefits of natural components and provides an attractive taste profile. 
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(не сірий). 

Рисунки та графіки EXCEL з графіками додатково подаються в окремих файлах. 
Скорочені назви фізичних величин в тексті та на графіках позначаються латинськими 

літерами відповідно до системи СІ.  
У списку літератури повинні переважати англомовні статті та монографії, які опубліковані 

після 2010 року.  
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Оформлення цитат у тексті статті: 
 

Кількість авторів статті Приклад цитування у тексті 
1 автор (Arych, 2019) 

2 і більше авторів (Bazopol et al., 2021) 
 

Приклад тексту із цитуванням: It is known (Bazopol et al., 2006; Kuievda, 2020), the 
product yield depends on temperature, but, there are some exceptions (Arych, 2019). 
 

У цитуваннях необхідно вказувати одне джерело, звідки взято інформацію. 
Список літератури сортується за алфавітом, літературні джерела не нумеруються. 

 
Правила оформлення списку літератури 

 

В Ukrainian Food Journalвзято за основу загальноприйняте в світі спрощене 
оформлення списку літератури згідно стандарту Garvard. Всі елементи посилання 
розділяються лише комами. 

 

1. Посилання на статтю: 
Автори А.А. (рік видання), Назва статті, Назва журналу (курсивом), Том 

(номер), сторінки, DOI. 
Ініціали пишуться після прізвища. 
Всі елементи посилання розділяються комами. 

1. Приклад: 
Ivanov V., Shevchenko O., Marynin A., Stabnikov V., Gubenia O., Stabnikova O., 
Shevchenko A., Gavva O., Saliuk A. (2021), Trends and expected benefits of the 
breaking edge food technologies in 2021–2030, Ukrainian Food Journal, 10(1), pp. 7–
36, https://doi.org/10.24263/2304-974X-2021-10-1-3 

 

2. Посилання на книгу: 
Автори (рік), Назва книги (курсивом), Видавництво, Місто.  
Ініціали пишуться після прізвища.  
Всі елементи посилання розділяються комами. 
Приклад: 

2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel 
Dekker, New York. 
 
Посилання на електронний ресурс: 
 

Виконується аналогічно посиланню на книгу або статтю. Після оформлення даних 
про публікацію пишуться слова Available at: та вказується електронна адреса.  

Приклади: 
(2013), Svitovi naukovometrychni bazy, Available at: 

http://www.nas.gov.ua/publications/q_a /Pages/scopus.aspx 
Cheung T. (2011), World's 50 most delicious drinks, Available at: 

http://travel.cnn.com/explorations/drink/worlds–50-most-delicious-drinks–883542 
 
Список літератури оформлюється лише латиницею. Елементи списку українською 

та російською мовою потрібно транслітерувати. Для транслітерації з українською 
мови використовується паспортний стандарт.  

Зручний сайт для транслітерації з української мови: http://translit.kh.ua/#lat/passport 
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Детальні інструкції для авторів розміщені на сайті: 
 

http://ukrfoodscience.nuft.edu.ua 
 

Стаття  надсилається за електронною адресою: 
 

 ukrfoodscience@meta.ua 
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Наукове видання 
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