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Introduction. The aim of the present study was to
investigate the effect of storage temperature on the texture
parameters of cow milk Kashkaval cheese.

Materials and methods. Kashkaval cheese samples
were prepared according to a classic technology and stored
at different temperatures (4.0+1.0 °C; 1.0£1.0 °C; 7.5+0.5
°C and -18.0+1.0 °C). Texture analysis was performed by
StableMicroSystems TA-XT2i analyser equipped with a
loading cell 50 kg.

Results and discussion. The obtained results showed a
significant difference in the values of the hardness index
between the cheese samples stored in a refrigerated state
and those stored in a superchilled and frozen state. With
increasing storage temperature of cheese, there was a
tendency to decrease (p<0.05) the values of the
cohesiveness indicator. The results obtained in the present
study showed that the storage temperature had a decisive
influence on the changes in the springiness of the cheese.
Higher storage temperatures (4.0£1.0 °C) were
accompanied by a significant decrease in the springiness of
the cheese. The storage of the Kashkaval cheese in a
refrigerated state was accompanied by a significant increase
(p<0.05) in its adhesiveness. This trend intensified with the
increase of the storage temperature. With the increase of the
storage temperature of cheese, more significant decrease
(p<0.05) of the values of the gumminess index was
observed. In a comparative analysis of the changes in the
hardness and gumminess of the experimental Kashkaval
cheese samples, it was found that within the same
temperature regime the decrease in the values of
gumminess was greater than that of the hardness. As all
three indicators declined in the process of refrigerated
storage, it reflected significantly on the gumminess.

Conclusion. More intense changes in the texture of the
studied Kashkaval cheese samples were observed with the
increase of the storage temperature.
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Introduction

The texture of foods, in particular cheeses, is a subject of mandatory research over the last
decade (Bolhuis and Forde, 2020). The structural and mechanical characteristics of cheeses are
essential and determine their sensory perception by the consumer (Foegeding and Drake, 2007).

Modern technologies, such as curd or cheese freezing, are applied during storage in order to
achieve a longer cheese shelf life (Alinovi and Mucchetti, 2020; Marcuzzo et al., 2012). During
the storage of the cheeses, changes in their texture occur. Many authors prove that the texture of
the cheese is influenced by a number of factors, such as milk composition, water content, salt
content, pH and degree of proteolysis during ripening (Hill and Kethireddipalli, 2013). The texture
profile of the cheeses also changes during their storage, as the temperature and the storage time
are determining factors for the degree of changes. Some authors suggest that the decrease in
hardness and increase in the softness of fresh cheeses is directly related to the proteolytic activity
of lactic acid bacteria, which breaks down proteins into peptides and subsequently into low
molecular weight peptides and amino acids (Fox et al., 2017). This disrupts the integrity of the
protein network in the cheeses during storage and gives them softness (Fox et al., 2017).

Some researchers suggest that cheeses with high protein and low fat content have higher
values of hardness and elasticity (Borges et al., 2020). The same trend is observed for the stability
of the gumminess indicator, which in turn is associated with the hardness and springiness of the
cheese by other author teams (Diamantino et al., 2014). It is found that the decrease in pH
resistance leads to a loss of colloidal maintenance of calcium phosphate by the casein submicel,
as result of which small aggregates are formed. This in turn leads to softening of the cheese (Buriti
etal., 2005).

According to Diefes et al. (1993), the dehydration of proteins and the formation of ice crystals
in the cheese during freezing and its storage in the frozen state can cause the destruction of the
structure of the proteins. This in turn allows the small oil balls to come into contact with each
other and thus form granules. Kuo and Gunasekaran (2003) reported that prolonged storage of
cheese in a frozen state could cause greater damage to its structure as a result of recrystallization
of ice crystals.

After thawing, proteins are not able to completely bind water. As a result, water remains free
in the protein network, leading to the formation of a porous protein matrix of the cheeses, which
are stored frozen for a longer time (Degner et al., 2014). Experimental studies with an electron
microscope have shown that freezing and thawing cause the formation of larger cavities between
the protein fibres in cheese samples due to the growth of ice crystals (Graiver et al., 2004).

Kuo and Gunasekaran (2009) investigated how freezing and frozen storage affect the
microstructure of mozzarella cheese and pizza cheese. The authors observed visible differences
in the microstructures of the two types of cheese. Freezing has a different effect on siren matrices.
It causes the mozzarella protein matrix to break, while pizza cheese cracks and accumulates
bacteria. The authors found that the protein matrix of pizza cheese was more susceptible to
freezing due to freezing than that of mozzarella cheese, with tempering of the samples mitigating
the negative effect of freezing. Disturbances in the structure of the cheese caused by freezing and
storage in a frozen state can be minor with proper storage and tempering.

Although there are published data on the possibilities of using frozen curd in the production
of Kashkaval cheese, no data examining the influence of the storage regime on its texture were
found.

The aim of the present study was to investigate the effect of storage temperature on the texture
parameters of cow milk Kashkaval cheese.
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Materials and methods
Materials

The used raw cow milk corresponded to the national and European regulations
(Regulation 853/2004). It was used in order to produce Kashkaval cheese samples stored at
different temperatures with a known composition (Ivanov and Markova, 2020) and sensory
profile (Ivanov et al., 2020).

Starter culture containing Strepococcus thermophiles, Lactobacillus helveticus and
Lactobacillus delbrueckii ssp. bulgaricus was supplied by Lactina Ltd. Calcium dichloride
solution (50%) as well as the rennet enzyme were purchased from Biokom Trendafilov Ltd.

Methods

Kashkaval preparation. Kashkaval samples were produced in a local dairy plant
according to a classic applied technology (Kozhev, 2006). Cow milk was standardized in
order to achieve casein to fat ratio equal to 0.69. It was further heat-treated at 65+1 °C for 15
s and cooled to temperature of incubation 33+1 °C. The prepared cow milk was inoculated
with a thermophilic starter culture (Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus) and calcium chloride 50% (diluted 1:10 with water, in amount
30 cm®/100 L milk) and commercial animal rennet enzyme was also added (diluted 1:10 with
water, in such amount that the first coagulation started 9-10 min after enzyme addition).
When a firm coagulum was formed (after 30 min), the curd was cut and held in rest for 5
min. A stirring process of the curd started for 20 min. It was further heated at 38-40 °C for
40 min with continuous agitation. The formed whey was separated from the curd and it was
collected in the form of a compact mass in order to assure the cheddaring process which took
place at pH 5.3 (about 2 h). The curd submitted to cheddaring was cut, milled, salted and
stretched in a concentrated salt solution (13%) at 72 °C. The fresh Kashkaval was moulded
into 1 kg parallelepiped forms. It was dried for 15 h and was further vacuum-packaged in
polyethylene bags. The fresh Kashkaval was subjected to ripening at 9.0+1.0 °C for 60 days.
Storage of ripened Kashkaval was conducted at different temperatures (refrigerated at
4.0£1.0 °C; refrigerated at 1.0+£1.0 °C; frozen at 7.5+0.5 °C and deep frozen at -18.0+1.0 °C)
for 12 months. Different stages (1%, 3", 6, 9" and 12 month) of the storage period were
investigated.

Texture Profile Analysis. Cheese cubes with dimensions 25-25-25 mm were prepared.
A measurement of the sample sizes (length, width and height) by digital caliper and
measurement of the sample weight by laboratory scales was done.

A texture analyzer StableMicroSystems TA-XT2i (Stable Micro System, Ltd, UK)
equipped with loading cell 50 kg and specialized software ,,Texture Exponent 6.1 was used
in order to determine their textural parameters. The applied software allowed calibrating the
force and the sample height before the measurements. The deformation range for the
instrument work was 0-500 mm (with resolution 0.001 mm) and the force range was 0-500
N (resolution: 0.001 N, trigger force was 0.05N, minimal measured firmness force was 1 N).

The texture profile analysis was made by a flat plate probe (P 50-Stainless steel cylinder
probe, @=50 mm) with test speed 1 mm.s!, a strain of 50% and two bite time intervals of 5
s. The test was repeated on 3 cubes.

The textural characteristics of the cheese were determined as follow: Firmness force (F)
was determined as the maximum force coordinate of 1% peek of the curve; Adhesiveness was
defined as the stress, necessary to pull up the measure probe after the 50% compression
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(negative integrated area, Nmm); Springiness was the distance of the detected height of the
product on the second compression divided by the original compression distance where
(Length 2 /Length 1); Cohesiveness was defined as the ratio between the 2" and 1% loading
area (A2/A1); Gumminess was computed like cohesiveness multiplied by the firmness;
Chewiness was computed like cohesiveness multiplied by the firmness and the springiness
(Zheng et al., 2016). The test was repeated on 3 cubes.

Statistical analysis. All statistical procedures were computed using the Microsoft Excel
and Sigma Plot 2001 software. Statistical analysis was conducted by one-way ANOVA
analysis (Donchev et al., 2002). Results were presented as mean of n=4 (2 batches with 2
repetitions) + standard deviation (SD) and were considered as statistically different when
p<0.05 (Petrova, 2002; Dilcheva and Kinova, 2008).

Results and discussion

The obtained results for the change of the hardness of the experimental samples of
Kashkaval cheese in the process of refrigerated storage are presented in Figure 1.

There was a decrease in the values of the hardness index in all tested samples. The
smallest decrease in hardness was found in Kaskaval cheese stored superchilled (-7.5+0.5
°C) and frozen (-18.0+1.0 °C). At the end of storage, the hardness values in these cheese
samples were reduced to 61.4+1.5 N. In the present study, no statistically significant (p<0.05)
differences in the hardness of Kashkaval cheese stored in superchilled and frozen state were
found. This was probably due to similar changes in the microstructure of these samples due
to the absence of intense proteolytic processes in the cheese matrix.

90

80

70

60

50

Hardness, N

40

30

20
0 2 4 6 8 10 12

Storage time, months

Figure 1. Changes in the hardness index of the analysed Kashkaval cheese samples from cow's
milk stored in a refrigerated, superchilled and frozen state:
1 — Refrigerated Kashkaval (4£1 °C);
2 — Refrigerated Kashkaval (1£1 °C);
3 — Superchilled Kashkaval (-7+1 °C);
4 — Frozen Kashkaval (-18+1 °C).

240 —— Ukrainian Food Journal. 2021. Volume 10. Issue 2



—— Food Technology ——

With increasing storage temperature of Kashkaval cheese, more significant decrease
(p>0.05) in the values of the hardness index was observed. During the 12-month storage
period of the Kashkaval cheese samples at temperatures of 1.0+1.0 °C, their hardness
decreased from 87.8+4.2 N to 29.943.3 N. For the cheese stored at the temperature regime
of 4.0+1.0 °C, the decrease in the values of the hardness index was from 87.8+4.2 N to
22.5+2.8 N. The obtained results (Figure 1) indicated the direct dependence of the changes
in the hardness of the cheese with the storage temperature. Alvarenga et al. (2011)
investigated the effect of freezing on the rheology of sheep cheese samples. The authors
found that the hardness index in frozen cheese samples was significantly higher than in
chilled cheese samples. Diefes et al. (1993) suggested that this was due to the partial
dehydration of the proteins in the cheese matrix of frozen cheeses. As a result, the cheeses
acquire a firmer (harder) and elastic structure.

The obtained results showed that even the minimum temperature difference of 3 °C in
the two storage modes of the refrigerated Kashkaval cheese samples (1.0+£1.0 °C and 4.0£1.0
°C) led to significant differences in their hardness. The significant difference in the values of
the hardness index between the cheese samples stored in a refrigerated state and those stored
in a superchilled and frozen state was significant (p<0.05). As it was found during the storage
of Kashkaval cheese in superchilled and frozen state, the proteolytic processes were almost
completely inhibited (lvanov and Markova, 2020). This favoured the preservation of its
structure, which explained the higher hardness of these samples. Probably the phase transition
of water in the process of superchilling and freezing accompanied by the formation of ice
crystals destroyed to a lesser extent the structure of Kashkaval cheese compared to
proteolysis. On the other hand, the cheese stored in a refrigerated state lacked a phase
transition of water and the formation of ice crystals, but the ongoing proteolytic processes
significantly weakened the paracasein matrix, which was accompanied by a decrease in its
hardness.

The obtained results for the change of the indicator during storage are presented in Figure
2. In the present study, no statistically significant change in the values of this indicator was
found in cheese stored in superchilled (-7.5+£0.5 °C) and frozen (-18.0+1.0 °C) state. This
indicator characterized the strength of the bonds in the paracasein matrix of Kashkaval cheese
(Gunasekaran and Ak, 2004).

After 12 months of storage, the values of the cohesiveness index in the analysed cheese
samples were maintained at the levels of 0.47+0.02. This showed that these two refrigeration
regimes provided minimal changes in the structure of the cheese, which corresponded to the
observed tendency for the change in the hardness of the analysed samples. The absence of
intensive proteolytic processes in the cheese samples stored in superchilled and frozen state
contributed to the preservation of their structure and their greater hardness compared to
cheese stored in a refrigerated state.

With increasing storage temperature of cheese, there was a tendency to decrease (p<0.05)
the values of the cohesiveness indicator. During the 12-month storage period of the cheese
samples at temperatures of 1.0+1.0 °C, their cohesiveness decreased from 0.49+0.02 N to
0.43+£0.01 N. These changes in the cohesivenes indicator were minimal, but statistically
significant (p<0.05). A more significant decrease in the cohesiveness values was observed
during the storage process at 4.0+1.0 °C. For the whole period of refrigerated storage (12
months) the decrease in the values of the cohesiveness indicator in these samples was from
0.49+0.02 to 0.24+0.02.
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Figure 2. Changes in the cohesiveness index of the analysed Kashkaval cheese samples from cow's
milk stored in a refrigerated, superchilled and frozen state:
1 — Refrigerated Kashkaval (4+1 °C);
2 — Refrigerated Kashkaval (1£1 °C);
3 — Superchilled Kashkaval (-7+1 °C);
4 — Frozen Kashkaval (-18+1 °C).

Everar et al. (2006) investigated the structural and mechanical properties of cheddar
cheese left to mature for 9 months under refrigerated conditions. The indicators hardness,
springiness, cohesiveness, adhesiveness and gumminess were studied. After the 9th month
of storage, there was a decrease in the values of springiness, cohesiveness, adhesiveness and
gumminess in the tested cheese samples whist was in correspondence of our results. Aday et
al. (2010) examined white semi-hard cheese placed to mature at 2—4 °C for 12 months. After
9 months of cheese samples storage, the authors found that the cohesiveness decreased.

The obtained results in the present study (Figure 2) indicated a statistically significant
(p<0.05) influence of the temperature regime of Kashkaval storage on the changes in the
cohesiveness index. This effect was most noticeable when the cheese was stored in a
refrigerated state, in which even the minimum temperature difference of 3 °C between the
two experimental modes (1.0+1.0 °C and 4.0+1.0 °C) led to significant differences in the
values of the cohesiveness indicator.

The data obtained in the present study on the change of the springiness index of the
experimental samples of Kashkaval cheese in the process of refrigerated storage are presented
in Figure 3. This indicator reflected the speed and extent to which a deformed object regained
its original shape and size (Gwartney et al., 2004).
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Figure 3. Changes in the springiness index of the analysed Kashkaval cheese samples from cow's
milk stored in a refrigerated, superchilled and frozen state:
1 — Refrigerated Kashkaval (4+1 °C);
2 — Refrigerated Kashkaval (1£1 °C);
3 — Superchilled Kashkaval (-7+1 °C);
4 — Frozen Kashkaval (-18+1 °C).

In the present study, no statistically significant change in the springiness of the
Kashkaval cheese samples stored in the superchilled (-7.5+0.5 °C) and frozen state (-18.0+1.0
°C) was found. At the end of storage, during these two refrigeration regimes, the elasticity of
the cheese was preserved at about 0.49+0.02%. This trend corresponded to the lack of
statistically significant changes in the indicators of hardness and cohesiveness of yellow
cheese samples stored in superchilled and frozen conditions.

The storage of the cheese in a refrigerated state was accompanied by a decrease (p<0.05)
in its springiness. This trend intensified with the increase of the storage temperature. During
the 12-month storage period of the cheese samples at temperatures of 1.0+1.0 °C, their
springiness decreased from 0.52+0.01% to 0.46+0.02%. Similar to the changes in the
homogeneity of these samples, the observed decrease in the values of the elasticity index was
minimal but statistically significant (p<0.05). A more significant decrease in the elasticity of
the cheese was observed during storage at 4.0+1.0 °C. For the whole period of refrigerated
storage (12 months) the decrease in the values of the elasticity index in these samples was
from 0.52+0.02% to 0.34+0.02%. Zheng et al. (2016) examined the texture of cheddar
cheese. The authors found that with increasing storage temperature, the springiness of the
studied cheese samples decreased. The correlation between storage temperature and
springiness index was negative.
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The results obtained in the present study (Figure 3) showed that the storage temperature
had a decisive influence on the changes in the springiness of the cheese. Higher storage
temperatures (4.0+1.0 °C) were accompanied by a significant decrease in the springiness of
the cheese, which was probably due to the ongoing proteolytic processes leading to
weakening of the bonds in the paracasein matrix.

The data on the change of the adhesiveness index of the yellow cheese in the process of
refrigerated storage are presented in Figure 4.
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Figure 4. Changes in the adhesiveness index of the analysed Kashkaval cheese samples from cow's
milk stored in a refrigerated, superchilled and frozen state:
1 — Refrigerated Kashkaval (4£1 °C);
2 — Refrigerated Kashkaval (1£1 °C);
3 — Superchilled Kashkaval (-7+1 °C);
4 — Frozen Kashkaval (-18+1 °C).

This indicator reflected the effort required to overcome the adhesion forces of the sample
to the working tool of the apparatus (Tunick, 2000). Sensory, this was the degree of adhesion
of the sample to the teeth of the consumer in the process of its chewing (Gwartney et al.,
2004). In the present study there was a minimal but statistically significant increase in the
values of the adhesiveness index in the process of storing cheese in superchilled (-7.5+0.5
°C) and frozen state (-18.0+1.0 °C). At the end of storage under these two refrigeration
regimes, the adhesiveness of the yellow cheese reached values of 4.81+0.08 N.s. The
observed increase in the values of this indicator was most likely due to the partial rupture of
the bonds in the paracasein matrix of the cheese as a result of the formation of ice crystals
during the refrigeration, superchilling and freezing treatments. However, the lack of intensive
proteolytic processes in the cheese stored at these two temperatures did not allow a significant
increase in its stickiness (Ivanov and Markova, 2020).

The storage of the Kashkaval cheese in a refrigerated state was accompanied by a
significant increase (p<0.05) in its adhesiveness. This trend intensified with the increase of
the storage temperature. During the 12-month storage period of cheese samples at
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temperatures of 1.0+1.0 °C, their adhesiveness increased from 4.39+0.07 N.s to 11.43+0.09
N.s. A more significant increase in the stickiness of the cheese was observed during storage
at 4.0+1.0 °C. For the whole period of refrigerated storage (12 months) the increase in the
values of the adhesiveness index in these samples was from 4.39+0.07 N.s to 15.77+£0.08 N.s.

The results obtained in the present study (Figure 4) corresponded to the data on
proteolysis in Kashkaval cheese stored at the same conditions (lvanov and Markova, 2020).
Higher storage temperatures (1.0+1.0 °C and 4.0£1.0 °C) were accompanied by a higher
degree of hydrolysis of casein to low molecular weight compounds, the accumulation of
which in Kashkaval led to an increase in its adhesiveness. Similar trends were found by other
authors (Chevanan et al., 2006; El-Bakry et al., 2011). Zheng et al. (2016) investigated the
influence of storage temperature on the physicochemical composition and structural and
mechanical parameters of mozzarella cheese. The authors found that with increasing storage
temperature of the studied cheese samples and the adhesiveness index increased. According
to the authors of the study, the low protein and high fat content softened the cheese matrix,
which in turn increased its stickiness.

The results obtained for the change of the gumminess of the experimental samples of
Kashkaval in the process of refrigerated storage are presented in Figure 5.
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Figure 5. Changes in the gumminess index of the analysed Kashkaval cheese samples from cow's
milk stored in a refrigerated, superchilled and frozen state:
1 — Refrigerated Kashkaval (4£1 °C);
2 — Refrigerated Kashkaval (1£1 °C);
3 — Superchilled Kashkaval (-7+1 °C);
4 — Frozen Kashkaval (-18+1 °C).

This indicator reflected the energy required to destroy the structure of the cheese to the
extent which was absorbed by the consumer (Chevanan et al., 2011). As shown in the
presented data (Figure 5), the gumminess of Kashkaval cheese decreased during storage for
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all four experimental refrigeration modes. Due to the direct relationship existed between the
gumminess and hardness of cheese, the trends in the changes of these two indicators were
similar.

In the present study, the smallest decrease in gumminess was found in cheese stored in
superchilled (-7.5£0.5 °C) and frozen (-18.0+1.0 °C) state. At the end of storage, the values
of the gumminess index in these samples of Kashkaval cheese decreased to 13.8+1.1 N. In
the present study, no statistically significant (p<0.05) differences in the gumminess of cheese
stored in the refrigerated and frozen state were found. This was probably due to the similar
changes in the microstructure of these samples due to the ongoing crystal formation processes
during their refrigeration processing and storage, as well as to the absence of intensive
proteolytic processes in the cheese matrix.

With the increase of the storage temperature of cheese, more significant decrease
(p<0.05) of the values of the gumminess index was observed. During the 12-month storage
period of the cheese samples at temperatures of 1.0+1.0 °C, their gumminess decreased from
22.4+1.1 N to 4.7+0.8 N. For the cheese stored at 4+1 °C, the decrease in the values of the
gumminess index was from 22.4+1.1 N to 1.8+£0.5 N. Mushtaq et al. (2015) reported a
decrease in the values of the gumminess index in buffalo cheese samples. The data from the
conducted research showed that with the increase of the storage temperature the gumminess
indicator decreased. The authors explained this with a change in pH values. The reduction of
the active acidity in the cheese led to demineralization and destabilization of casein micelles.
This in turn led to the formation of low molecular weight compounds and softening of the
texture of the cheese (Buriti et al., 2005).

In a comparative analysis of the changes in the hardness and gumminess of the
experimental Kashkaval cheese samples, it was found that within the same temperature
regime the decrease in the values of gumminess was greater than that of the hardness. The
reason for this was the complex nature of the gumminess indicator, taking into account the
combined perception of hardness, cohesiveness and springiness of Kashkaval cheese. As all
three indicators declined in the process of refrigerated storage, it reflected significantly on
the gumminess.

Conclusions

The changes in the structural and mechanical parameters of Kashkaval cheese in the
process of its refrigerated storage were directly dependent on the applied temperature regime.
During Kashkaval storage in refrigerated, superchilled and frozen state, a decrease in the
values of the indicators hardness, springiness, cohesiveness, adhesiveness and gumminess
was established. The most insignificant changes were found in the texture of Kashkaval
samples stored in superchilled and frozen state. More intense changes in the texture of the
studied Kashkaval cheese samples were observed with the increase of the storage
temperature.
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Introduction. The aim of this study was to assess the
nutritional value of protein in wheat-rye bread manufactured with
an addition of flour from low-alkaloid cultivars of lupin.

Material and methods. Flours from yellow lupin cultivars:
Juno, Polo, Legat and Markiz, were used in wheat-rye bread
baking. The following were determined in breads: protein
content, in vitro protein digestibility, amino acid composition,
effective protein content (EP), chemical score (CS), essential
amino acid index (EAAI), true digestibility of protein (TD),
protein digestibility corrected amino acid score (PDCAAS) and
protein efficiency ratio (PER).

Results and discussion. The addition of lupin flour resulted
in an increase in the total protein and digestible protein in breads.
The greatest increase in the EP, CS, PDCAAS and EAAI was
observed when the bread was enriched with flour from Polo
cultivar. No significant changes were noted in PER. Protein in the
products with lupin flour contained more leucine, lysine,
asparagine and arginine, than the cotrol sample. A tendency has
been recently observed to enrich cereal products, mainly those
made from wheat and wheat-rye mixes, with flours obtained from
other plants, such as lupin, green peas, beans, hemp and
buckwheat. These flours are highly valued because of their
functional properties, which include solubility, emulsifying
capabilities, foaming and gelling properties, and water retaining
capability. Lupin flour and protein isolates from lupin seeds does
not affect the taste of a final product. An addition of lupin flour to
wheat bread improves considerably the quality and amount of
protein and dietary fibre in a final product. The high values of
indices PDCAAS and PER make it possible to compare lupin
proteins and proteins of leguminous plants to animal proteins.

Conclusions. Protein of low-alkaloid cultivars of lupin can
be a valuable component which increases the nutritional value of
bread protein and therefore it should be recommended for use in
baking.
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Introduction

Cereal products, including bread, are at the base of many present food pyramids. They
provide the human body with energy, protein of plant origin, vitamins B as well as
macronutrients (magnesium, potassium, phosphorus) and micronutrients (iron, copper).
Protein performs a number of functions in the body, with serving as building blocks being
the most important of them. However, cereal proteins are regarded as having lower biological
value than those of animal origin. This is because they contain, depending on the cereal
species, smaller amounts of some essential amino acids — lysine and tryptophan (wheat and
maize), methionine (rye) and threonine (rice) (Hryniewiecki, 2007).

Leguminous plants, particularly soybean, are used as a raw material in the production
of food which provides the body with full-value protein. Lupin is an alternative source of
protein, which can replace soybean imported from the warm climate zone. The use and
consumption of products from seeds of this plant have been steadily growing in recent years
(De Cortes-Sanchez et al., 2005). Lupin is a good source not only of protein and essential
amino acids, but also of fat, dietary fibre, minerals and vitamins (Martinez-Villaluenga et al.,
2006, 2009; Zielinska et al., 2008; Kohajdoova et al., 2011; Schumacher et al., 2011). Due
to a high content of lysine in lupin protein, particularly in “sweet”, low-alkaloid cultivars, it
can be an excellent supplement of cereal proteins, in which the content of this amino acid is
low.

In the current available literature, no data on the usefulness of the protein of bread baked
from wheat-rye flour enriched with lupine flour have been found. It was decided that the
nutritional value of the protein of the analyzed bread should, apart from traditional chemical
quality indicators, be extended with the newest, recommended indicators taking into account
the biological availability of this nutrient.

The aim of this study was to assess the nutritional value of protein in wheat-rye bread
manufactured with an addition of flour from low-alkaloid cultivars of lupin.

Materials and methods
Sample preparation

Bread made from the mixture of wheat-rye (80 : 20) flours (K — control) and breads
from wheat-rye flour with a 5% addition of flour from four low-alkaloid “sweet” cultivars of
yellow lupin (75 : 20 : 5) were used as the study material. The experimental breads were
marked after cultivars as: J — Juno, P — Polo, L — Legat, and M — Markiz. Lupin seeds were
obtained from the Agricultural Experiment Unit of the University of Warmia and Mazury in
Olsztyn, Poland. The bread was baked in a private bakery. The baking process was carried
out as described in Skibniewska et al. (2003).

Analyses

The total protein (N x 6.25) was determined according to AOAC (1995a). The in vitro
protein digestibility, i.e. its susceptibility to the action of digestive enzymes, was determined
after incubation with a solution of pepsin, pancreatin and a bile extract at the enzyme-protein
ratio of 1 : 20 (lkeda, 1990). The in vitro protein digestibility was calculated from the
following formula: (Dinviro = [@ — b/a] x 100), where a — starting content of protein in the
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bread under study as g/100 g of bread, b — content of protein in the bread under study
following in vitro digestion, as g/100 g of bread.

Amino acid content (g/16 g N, equivalent of g/100 g of protein) was determined with
an amino acid analyser Biochrom 20 Plus (Biochrom Ltd., Cambridge, UK). The Amino
Acid Standard Solution by Sigma was used as the standard. The protein hydrolysate was
prepared by acidic hydrolysis (6 M HCI, at 105°C for 24 h). The content of sulphur amino
acids was determined separately in 6 M HCI following oxidative hydrolysis (formic acid +
hydrogen peroxide at 9 : 1 ratio, 4°C, 16 h). Tryptophan was determined according to AOAC
(1995b).

The content of essential amino acids in the breads under study was used as the basis
for calculation of the chemical protein quality indices: the chemical score (CS) and the
integrated essential amino acid index (EAAI). The amino acid composition of two standard
proteins — FAO/WHO 1991 and DRI/USA 2005 (Jarosz et. al., 2017) was used in the
calculations. The CS index was calculated from the formula: X; = a;/ ais X 100, where a; — the
content of a given essential amino acid in the protein under test, a;s — the content of a given
essential amino acid in the standard protein, i = 1, 2...8 (Hryniewiecki, 2007). The
calculations were conducted using the content of isoleucine (ILEU), leucine (LEU), lysine
(LYS), sum of methionine and cysteine (MET + CYS), phenylalanine and tyrosine (PHE +
TYR), threonine (THR), tryptophan (TRY) and valine (VAL). The CS is taken as the lowest
(Xmin.) of the eight ratios expressed as percent (Xmin. = CS), and the amino acid for which the
value is the lowest is the one limiting the nutritional value of the protein.

The EAAL, introduced by Oser (1959), was calculated from the formula:
EAAI = 10'9EAA,

In order to calculate Ig EAA, the following formula, provided by Rakowska et al.
(1978), was used:

Ilg EAA =1/8 (Ig X1 +1g Xz +...+ Ig Xg).

The content of effective protein (EP) was calculated from the respective CS (%) and
the total protein content (TP, %) in the bread under analysis, from the following formula:

EP (%) = TP x CS/100 (Gawecki & Jeszka, 1986).

The true digestibility (TD, %) of investigated bread samples was calculated as the
weighted average of the true digestibility indices of individual components of breads and
their percentage share. The TD values of individual components were taken after Boye et al.
(2012): wheat flour — 89.4%, rye flour (barley) — 75.3%, lupin flour (soybean) — 80.0%.

The protein digestibility corrected amino acid score (PDCAAS) was calculated from
the formula:

PDCAAS (%) = CS (%) x TD (%)/100 (Schaafsma, 2012, Ruhterfurd 2015).
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The protein efficiency ratio (PER) was calculated from the content (g/16 g N) of
leucine (LEU) and tyrosine (TYR) in the bread from the following formula:

PER = —0.468 + 0.454 LEU - 0.105 TYR (Sujak et al., 2006).

The chemical analyses were performed in triplicates. The results in Table 1 and 2 are
presented as mean values with standard deviations. The statistical significance of differences
between the mean values was tested with the Student’s t-test at the significance level of P <
0.05, using the Statistica PL 10.0 software (StatSoft, Krakow, Poland).

Results and discussion
Protein content and in vitro protein digestibility in the breads under study

Table 1 shows the protein content and its in vitro digestibility in the tested samples. All
breads manufactured with the addition of lupin flour contained more protein (10.1-11.0%)
than the control bread (9.0%), with the bread enriched with the Markiz cultivar flour showing
the highest percentage of protein. No significant differences were observed between the
breads made with an addition of lupin flours. The content of protein following in vitro
digestion was the highest in bread prepared with an addition of flour from the Juno (5.6%)
cultivar, but again, no statistical differences between the enriched breads were observed. All
values of this parameter were higher in the experimental samples than in the control. The
protein in the bread enriched with the Juno cultivar was the most susceptible to the action of
digestive enzymes (55.4%). The other digestibility indices were not statistically different and
were 50.5%; 49.1% and 49.1% for breads with flours of the Polo, Legat and Markiz cultivars,
respectively.

Table 1
Protein content and in vitro protein digestibility in the breads under study
(mean £+ SD)
Type of bread
Specification Control Juno Polo Legat Markiz
K J P L M
Total protein content, 9.0+0.22 | 10.1+0.2° | 10.5+0.2° | 10.84+0.2° | 11.0+0.3"
g/100 g
Protein content following 4.4+0.12 | 5.6+0.1° | 5.3+0.3° | 5.3£0.1° | 5.3+0.3°
in vitro digestion, g/100 g
In vitro protein 48.9+1.0% | 55.4+1.1° | 50.5+1.0% | 49.14+0.8% | 49.1+0.62
digestibility, %

Different letters in a row denote the presence of differences statistically significant at P < 0.05
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Amino acid composition of wheat-rye bread made with an addition of selected
lupin flours

Table 2 presents the content of amino acids in protein of the investigated bread samples.
Modification of the dough composition significantly increased the content of leucine level
from 7.4 g/16 g N in the control sample to 7.7 g/16 g N in the bread with

an addition of flour from the Legat cultivar. Nevertheless, the content of this amino acid
in all investigated breads exceeds its content in the standard protein FAO/WHO 1991 (6.6
g/16 g N) and DRI/USA 2005 (5.5 g/16 g N).

Table 2
Amino acid composition of wheat-rye bread made with an addition of selected lupin flours
(mean = SD)
Type of bread
Specification Control Juno Polo Legat Markiz
K J P L M
Essential amino acids,
g/16g N
Thr 2.9+0.17 | 3.0+0.1* | 2.8+0.1* [ 2.9+0.1* | 2.9+0.22
Met 2.1£0.17 | 1.7+0.1° | 1.8+0.1% | 1.9+0.1* | 1.7+0.2%
Met + Cys 3.5+0.1* | 3.240.1° | 3.3+0.1% | 3.1+0.1° | 3.1+0.3%
Val 5.4+0.12 | 5.240.12 | 5.2+0.1* | 5.3£0.1° | 5.1+0.3?
lleu 42+0.12 | 43012 | 4.1£0.12 | 4.3£0.1° | 4.2+0.1°
Leu 7.4£0.12 | 7.5£0.128 | 7.4£0.12 | 7.7+£0.1° | 7.6+0.3%
Phe 535012 | 5.0£0.1° | 4.9+0.1° | 4.9+0.1° | 5.2+0.1°
Phe + Tyr 73028 | 7.020.12 | 6.9+0.12 | 7.3+0.12 | 7.2+0.3%
Lys 2.5+0.12 | 3.2+0.1° | 3.7+0.1° | 2.9+0.1° | 3.0+0.3°
Try 0.8+0.1% | 0.8+0.1* | 0.8+0.1* | 0.8+0.12 0.8+0.12
Non-essential amino
acids, g/16 g N
Asp 4.4+0.1° | 53402 | 5.3+0.2° | 5.240.1° | 5.3+0.2°
Ser 4.6+0.12 | 4.5+0.1° | 4.5+0.1° | 4.6£0.12 | 4.4+0.3%
Glu 33.0+0.1% | 32.1£0.1° | 31.8+0.1° | 31.5+0.5° | 32.0+0.2®
Pro 11.3+0.12 | 9.7£0.1° | 9.5+0.1° | 9.7+0.1° | 9.9+0.4
Ala 34+0.1° | 3.40.15 | 3.620.1° | 3.5£02% | 3.4+0.2°
Gli 3.640.1% | 3.6002% | 3.6002° | 3.6:0.1 | 3.7£0.1°
His 2.0£0.1° | 2.020.1% | 2.240.1° | 2.120.17 | 2.2+0.3
Arg 3.5:0.1° | 5.000.5" | 5.000.1° | 4.700.1° | 4.840.2°

Different letters in a row denote the presence of differences statistically significant at P < 0.05

Particular improvement of the protein quality in breads with the addition of lupin flour
was observed in the case of lysine. Bread with the flour from the Juno cultivar contained 3.2
g/16 g N of lysine, that with an addition of the Polo cultivar — 3.7 g/16 g N; Legat — 2.9 g/16
g N, and Markiz — 3.0 g/16 g N. The content of lysine in protein of the control sample was
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2.5 9/16 g N. Regarding the non-essential amino acids, a considerable increase in the amount
of asparagine was recorded in all breads enriched with lupin flour: Juno — 5.3 g/16 g N, Polo
—5309/16 g N, Legat -5.2 g/16 g N and Markiz — 5.3 g/16 g N, compared to the control
sample (4.4 g/16 g N). An addition of flour of the Polo cultivar increased the content of
alanine in the protein from 3.4 g/16 g/N (control bread) to 3.6 g/16 g N. The content of
arginine increased considerably in each option of the bread enrichment with lupin flour. It
was 5.0; 5.0; 4.7; 4.8 g/16 g N for the breads with the addition of flour from the Juno, Polo,
Legat and Markiz cultivars, respectively, compared to the control sample — 3.5 g/16 g N.
Conversely, all breads enriched with lupin flour contained considerably less methionine +
cystine, while valine and phenylalanine + tyrosine remained at the comparable level to
protein in the bread made from wheat and rye flour (Table 2).

Chemical and dietary indices of the protein nutritional value of wheat-rye bread
made with selected lupin flours

The chemical and dietary indices of the nutritional value of protein were calculated
using two amino acid standards — FAO/WHO 1991 and DRI/USA 2005 (Table 3). The
content of effective protein (EP) increased after the addition of lupin flour from each cultivar
under study, and it was the highest when the bread was enriched with flour from the Polo
cultivar. The values obtained for this sample with the use of both of the standards were 6.7%
and 7.6%, respectively. The addition of lupin flour increased the chemical score and the
essential amino acid index of all investigated samples. Lysine was the limiting amino acid in
each treatment. The highest CS was calculated when flour from the Polo cultivar was added
(63.8%; 72.5%), likewise an increase in the EAAI calculated on the base of the FAO/WHO
1991 standard (104.7%). The highest EAAI was observed for the bread prepared with flour
from the Markiz cultivar, when calculations were based on the DRI/USA 2005 standard
(128.8%). The true digestibility of protein was slightly lower in all lupin enriched samples
(86.2%) than in the control (86.6%). The PDCAAS increased considerably in the samples
under analysis compared to the values calculated for the bread without the addition of lupin
flour (37.3%; 42.4%). The largest increase was observed when flour from the Polo cultivar
was added (55.0%; 62.5%). Similar values of the PER were calculated for the bread with the
addition of flour from the Juno (2.73), Legat (2.75) and Markiz (2.77) cultivars, whereas the
value for the bread with the addition of flour from the Polo cultivar was the same as for the
bread from wheat-rye flour — 2.68 (Table 3).

Starvation, malnutrition and insufficient supply of nutrients are the problems that the
contemporary world struggles with. There is a significant demand for food products of high
nutritional value, obtained from stable and sustainable sources (Raikos et al., 2014).

Staple foods in the majority of countries are breads of different kinds and other products
made from flour. In general, one can claim that bread is the basic food, although its forms
can be different in different cultures. Bakery products are made mainly from wheat flour.
This material is highly valued because of its versatile physical and chemical properties, and
the possibility of use in manufacturing many food products.

254 —— Ukrainian Food Journal. 2021. Volume 10. Issue 2



—— Food Technology ——

Table 3
Chemical and dietary indices of the protein nutritional value of wheat-rye bread made with
selected lupin flours

Type of bread

Specification Control | Juno | Polo | Legat | Markiz

K J P L M
EPY, % 3.9 5.6 6.7 5.4 5.7
EP?, % 4.4 6.3 7.6 6.1 6.5
CSh, % 431 55.2 | 63.8 | 50.0 51.7
Limiting amino acid* Lys Lys Lys Lys Lys
CS?2, % 49.0 62.7 | 725 | 56.7 58.8
Limiting amino acid? Lys Lys Lys Lys Lys
EAALIY, % 100.0 | 102.3 | 104.7 | 102.3 | 102.3
EAAI?, % 123.0 |120.2 | 125.9 | 123.0 | 128.8
TD, % 86.6 86.2 | 86.2 | 86.2 86.2
PDCAAS!, % 37.3 47.6 | 55.0 | 431 44.6
PDCAAS?, % 42.4 54.0 | 62.5 | 48.9 50.7
PER 2.68 273 | 268 | 275 2.77

! Chemical indices of nutritional value of protein calculated on the basis of the
amino acid standard FAO/WHO 1991.

2 Chemical indices of nutritional value of protein calculated on the basis of the
amino acid standard DRI/USA 2005

EP —effective protein; CS — chemical score; EAAI — integrated essential amino acid
index; TD —true digestibility; PDCAAS — protein digestibility corrected amino acid
score; PER — protein efficiency ratio

Discussion

A tendency has been recently observed to enrich cereal products, mainly those made
from wheat and wheat-rye mixes, with flours obtained from other plants, such as lupin, green
peas, beans, hemp and buckwheat. These flours are highly valued because of their functional
properties, which include solubility, emulsifying capabilities, foaming and gelling properties,
and water retaining capability (Raikos et al., 2014). Economic, environmental and health-
related factors play an important role in seeking new solutions and combinations in bakery.
They include prices increase on the food market, the need to ensure supplies from stable and
so far unused sources and preventing protein undernourishment. The last factor is a common
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problem in developing and economically backward countries due to restricted access to
animal protein (Bhat & Karim, 2009). With this issue in mind, the present study focuses on
the usability of lupin in a form of flour in bread baking as an opportunity to improve the
nutritional value of protein contained in this food product. Since bread, in its various forms,
is highly valued around the world owing to its sensory properties, readiness to be consumed
and, importantly, because of its price, one can claim that it is eaten by all social groups
(Correia et al., 2015). Therefore, improving the quality of protein consumed with this product
can contribute to the considerable improvement of nourishment of many people.

The present study has demonstrated an alteration of the quality of protein in the wheat-
rye bread prepared with an addition of flour from different lupin cultivars. An addition of
lupin flour itself contributed to an increase in the total protein content in the product (Table
1). Lupin seeds have been consumed since antiquity but, apart from being used as food, they
have many other applications (EFSA 2005). Interestingly, a 5% addition of lupin flour from
sweet lupin cultivars has a positive effect on the organoleptic properties of bread and it delays
the process of bread staling (Skibniewska et al. 2003). An addition of 10% lupin flour to
bread generates a product with slightly different physical and chemical properties. These
include rheological properties of dough, its density, colour and texture. It is encouraging that
the consumer sensory assessment showed that the differences originating from the
enrichment with lupin flour are practically imperceptible, which makes it possible to improve
the nutritional quality without changing the product features, which mainly affect the
consumers’ choices (Correia et al., 2015). Lupin flour and protein isolates from lupin seeds
are widely used in creating new food products because their addition does not affect the taste
of a final product (Gresta et al., 2017). Studies have shown that an addition of lupin flour to
wheat bread improves considerably the quality and amount of protein and dietary fibre in a
final product. The growing interest in the use of lupin seeds in the global food production is
also caused by the fact that it is not a genetically modified plant and it contains less
phytoestrogens than soybean, and also that lupin flour provides less calories than refined
wheat flour (Hall & Johnson, 2004; Villarino et al., 2015a). Lupin seeds are rich in
carotenoids, phenols and have high antioxidant potential (Siger et al., 2012). In Arab
countries, flour from seeds of leguminous plants is used to improve the nutritional value of
pita bread (traditionally made from wheat flour), because of a low level of lysine and a
relatively high level of sulphur amino acids in wheat protein (Mubarak, 2001; Abu-Ghoush
et al., 2008). Moreover, enriching Arab bread with lupin flour has contributed to an increase
in the content of total ash, dietary fibre, total fat and a decrease in carbohydrates content (Al
Omari et al., 2015). Lysine was the limiting amino acid in the protein of the wheat-rye bread
under study. The chemical score increased after the addition of lupin flour, by even 25% in
the case of the Polo cultivar (Table 3). Lupin protein is described as complementary and it
perfectly supplements the diet with essential amino acids (Lampart—-Szczapa et al., 2003;
Erbas et al., 2005). Their content is estimated to be higher than in soybean and regarded as a
perfect substitute of animal protein (Siissmann et al., 2007). However, although European
consumers express positive opinions on the consumption of plant protein, they are largely
unaware that lupin seeds are not inferior to soybean in this regard (Lucas et al., 2015). Lupin
is an alternative to soybean in the production of fermented foods, such as Indonesian tempeh,
Japanese miso and natto, and fermented spices (Rybiniski et al., 2018). Inclusion of lupin in
the human diet also brings other benefits than just the quality of protein. Studies have
confirmed the positive effect of the consumption of lupin flours in diabetes because of the
presence of dietary fibre, and the properties which reduce the risk of coronary disease owing
to the presence of agents which decrease the blood lipid and sugar levels (Duranti, 2006;
Rumiyati et al., 2012; Rumiyati et al., 2015; Tadele, 2015). Currently, lupin seeds, flour and
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bran are used in Europe to enrich breads, pasta, cakes, muffins as well as extruded snacks
and beverages. Lupin is also widely used in production of gluten-free food. Lupin germs are
eaten in Australia. White lupin grown in Ethiopia under the local name of “Gibto” is baked
and then used as raw material in production of alcoholic beverage called “Arekie”. It is also
used as a snack or a condiment called “Shiro” (Tizazu & Emire, 2010; Yeheis et al., 2010).
Efforts have also been made to replace animal and soy protein with lupin seeds in feeding
pigs and broilers, which would have a beneficial effect on the fatty acid profile of pork and
poultry (Zraly et al., 2007; Mierlita 2015).

The dietetic role of lupin has been confirmed in studies on the possibility of effective
regulation of appetite owing to an addition of lupin flour to wheat bread. Forty percent of
wheat flour used to make dough was replaced with lupin flour. Analyses have revealed more
than two-fold increase in the total protein content in bread with an addition of lupin compared
to wheat bread, with an unchanged amount of total fat. Moreover, the amount of fibre
increased almost four-fold. Bread with an addition of lupin flour was a rich source of protein
and fibre, which partly replaced carbohydrates from wheat flour. The amount of
carbohydrates was found to decrease by 30%. Consumption of bread enriched with lupin
flour resulted in an increased feeling of satiety and lower (by approx. 20%) intake of energy
in next meals. It affected secretion of ghrelin, glucose and insulin after a meal. This
experiment has confirmed that the consumption of high protein diet rich in fibre reduces
energy intake in subsequent meals more than consumption of high-carbohydrate diets (Lee
et al., 2006). Food enriching with lupin can be useful in treatment and prevention of obesity
as well as some diseases caused by this state. As has been noted earlier in the present study,
an addition of lupin flour to wheat-rye bread resulted in a considerable increase in the amount
of arginine in the protein, regardless of which cultivar of lupin was used. A high content of
arginine is typical of all lupin cultivars. This amino acid plays a key role in regulating lipid
content in blood. A study conducted by Béhr et al. (2015) showed that consumption of
products enriched with lupin protein (bread, sausages, vegetarian patés) has a beneficial
effect on the blood lipid profile, in the same way as the consumption of products enriched
with milk protein with an elevated concentration of arginine. Food enriched with lupin is said
to have a nutraceutical potential, so it has a positive effect on human health in the treatment
and prevention of diseases. Apart from these benefits, lupin proteins are known to decrease
the sugar level in blood. It has been demonstrated that lupin protein extract is 10 times more
potent than standard anti-diabetic drugs (Agrawal et al., 2015). The main interest is focused
on gamma-conglutin, which accounts for approx. 5% of all lupin seed proteins and which
plays a role in the plants’ defence against pathogens (Agizzio et al., 2003). This bioactive
peptide has not been found in bread made exclusively from refined wheat flour. In addition,
such benefits like the facilitation of defecation and blood pressure decrease have been
mentioned. Arginine is a precursor of the synthesis of nitrogen oxide. The mechanism of
blood pressure decrease may involve relaxation of the blood vessel walls by nitrogen oxide,
which is a potent endothelium relaxing factor (Sedlakova et al., 2016). Other examples of
bioactive lupin proteins include serine protease of the Bowman-Birk type, whose beneficial
effect has been demonstrated in cancers, atrophy of skeletal muscles, angiogenesis,
rheumatoid arthritis, neurodegenerative diseases and coronary disease treatments (Scarafoni
et al., 2008).

In the present study, the addition of lupin flour to wheat-rye bread considerably
improved its in vitro digestibility (Table 1) and increased the PDCAAS (Table 3). A positive
effect of the addition of flour from leguminous plants to wheat sourdough breads and gluten-
free cakes on in vitro digestibility of proteins in the final product has been observed (Anyango
et al., 2011; Gularte et al., 2012). Studies have shown that 5% addition of lupin flour
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increases the PDCAAS by 15 to approx. 50%, depending on the lupin cultivar used. The
findings of Villarino et al. (2015b) indicate that a 20% addition of lupin flour from various
cultivars of narrow leaf lupin (Lupinus angustifolius, ASL) increases the PDCAAS by
approx. 50%, regardless of the cultivar used. Such high values of these indices make it
possible to compare lupin proteins and proteins of leguminous plants to animal proteins
(Erbersdobler et al., 2017a,b).

The effect of enriching bread with lupin flour on the protein efficiency ratio proved
insignificant for all the lupin cultivars under study. The findings of animal studies presented
by Monteiro et al. (2014) were similar and were indicative of a much greater effect of
supplementation with casein on the PER.

Conclusions

The addition of lupin flour to wheat-rye bread resulted in an increase in total and
digestible protein in the final product, regardless of the lupin cultivar used. Enrichment of
wheat-rye flour with lupin flour from the Juno cultivar significantly increased the in vitro
digestibility of protein in the bread. The greatest increase in the effective protein (EP),
chemical score (CS), protein digestibility—corrected amino acid score (PDCAAS) and
essential amino acid index (EAAI) was achieved when the bread was enriched with flour
from Polo cultivar. Wheat-rye flour enriching with lupin flour from the Juno, Polo, Legat and
Markiz cultivars, intended for bread making, did not have a significant effect on the protein
efficiency ratio (PER). The addition of lupin flour in the process of bread making resulted in
enrichment of the final products in essential amino acids lysine and leucine, and non-essential
amino acids asparagine and arginine. Protein of low-alkaloid cultivars of lupin Juno, Polo,
Legat and Markiz can be a valuable component which increases the nutritional value of bread
protein and for this reason it should be recommended for the use in baking.
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Introduction. The purpose of research is to establish
patterns for removal of macromolecular and color compounds,
using different methods of purification sugar sorghum juice to
obtain food syrup.

Materials and methods. Sugar sorghum hybrid ‘Mamont’
was used as a feedstock for food syrup. Native sorghum juice
was subjected to enzymatic treatment to hydrolyze starch. For
extraction of sugar-soluble non-sugars from sorghum juice,
including macromolecular substances (MMS) and dyes, the
cationic flocculant polyhexamethylene guanidine hydrochloride
(PGMG GC) and natural mineral sorbent zeolite were used.
Membrane filtration methods and ion exchange purification
were used to intensify the purification process.

Results and discussion. Due to the use of zeolite at an
optimal cost of 0.8-1.0% by weight of the juice, the
discoloration effect is achieved at the level of 41-46%, and the
effect of removal of the MMS by 20-22%.

The use of zeolite for purification of sorghum juice in
combination with membrane filtration methods, such as
mechanical filtration and ultrafiltration leads to improved
technological performance of sorghum juice. Under these
purification conditions, sugar sorghum juice with a purity of
90.72% and a colour of 245.8 ICUMSA units was obtained, and
the efficiency of purification, removal MMS and proteins
substances was 46.1, 82.3 and 69.5%, respectively.

Under the conditions of supplementing the above-method
with ion exchange purification, we obtained an increase in the
efficiency of purification, removal of the MMS and proteins in
accordance with the values of 51.9, 98.5 and 89.2%.

Proposed methods of purification of sugar sorghum juice are
effective in removing MMS, proteins and colored compounds
and provide food syrups in which the optimal ratio of
carbohydrates sucrose and glucose and fructose (65:35) % by
weight of total sugar.

Conclusions. The best quality indicators were syrups
obtained by purification methods, which included the use of
adsorption purification with zeolite, membrane filtration and ion
exchange purification.
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Introduction

The priority of sugar sorghum over other sugar-bearing crops is that the juice of sugar
sorghum stalks contains from 14 to 20% of carbohydrates, with sucrose amounting to
60—80% and reducing compounds 20—40%. In addition, the juice is a source of biologically
active substances; it contains amino and organic acids, polyphenols, proteins, vitamins, and
minerals (Eggleston G. et al., 2013; Umakanth A.V. et al., 2013). Most of the components
present in the juice prevent the crystallisation of sucrose. Therefore, the juice is concentrated
into a syrup that is transparent and has a mild taste, while the fructose present in it gives it a
barely noticeable honey tone (Zhetkizgenkyzy G. et al., 2016). Basing on the analysis of the
chemical composition of sugar sorghum syrup, that it can be compared (Willis O.O. et al.,
2013) with sugar cane syrup; however, due to the high content of phenols and flavonoids, the
syrup has excellent antioxidant properties, which allows its use in the food industry as a
product with functional properties. Thus, obtaining food syrup from sugar sorghum is a good
basis for the development and production of biologically valuable foods (Kovtunova N.A. et
al., 2019; Karputina M. et al., 2014).

It was developed (Vukov K., 1987) a technology to a syrup, which included shredding
stalks, juice settling, centrifugation, filtration and thickening into syrup. These studies are not
technologically complete and require additional research to ensure that the syrup is of proper
quality.

It is offered (Costa G. H. G. et al., 2015; Eggleston G. et al., 2016; Albuquerque F.,
2011) to carry out clarification of sugar sorghum juices by application of various chemical
reagents. Thus, it is suggested to clarifysugar sorghum juices using coagulants of calcium
hydroxide and magnesium oxide (Costa G. H. G. et al., 2015) that are used for the removal
of non-sugars from juice in the production of sugar from sugar cane (Albuquerque F., 2011).
Therefore, using magnesium oxide coagulant by adding it to sorghum juice to pH 6.0 and 7.0
reduced the amount of sludge, phenolic compounds, and ash in the clarified juice, as well as
improved the dynamics of the decantation process and the quality of the juice. When using
calcium hydroxide, the starch content in the juice decreased. At the same time, during the
decantation of non-sugars with calcium hydroxide at pH 7.0, the volume of the sludge
increased.

For the production of an industrial batch of syrup, a technology was tested (Eggleston
G. et al., 2016), which involved the decantation of deaerated juice in decantation tanks,
hotpurification of juice at 80°C, defecation to pH 6.5 with lime milk at an application rate
360 g/l and by adding 5 ppm of polyanionic flocculant. In general, the proposed technology
allowed to obtain an industrial batch of syrup of proper quality, as well as ensured
uninterrupted supply of syrup to the consumer. At the same time, there is no information on
the technological quality of the obtained product.

However, in the case of the use of chemical reagents in the technology of obtaining
food syrup for further use as a ready food product, there is an urgent need for additional
control of the source product for residual concentrations of chemical reagent in the end
product.

It is proposed to use filtration and decantation of juice without the use of chemicals to
obtain high-quality syrup (Nimbkar N. et al., 2006).

It is considered (Csefalvay E. et al., 2019) the possibility of using various existing
technologies for the production of syrup based on the production of sugar from sugar beet
and sugar cane. The efficiency of four-stage technology without using chemical reagents is
shown, which provides centrifugal separation of insoluble starch from sorghum juice,
application of ultrafiltration to remove proteins and microorganisms, nanofiltration to
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concentrate carbohydrates to a dry matter content of 25%, and vacuum concentration to
syrup. Under such conditions, it is almost possible to preserve the carbohydrate component,
close to its initial ratio in the source juice. However, little information on indicators of
technological quality of the product.

It was (Ospankulova G. et al., 2020) proposed a multi-stage scheme of juice
clarification, which included mechanical filtration of juice, hydrolysis of starch by amylolytic
enzymes, centrifugation, decolourisation of juice with active charcoal, chitosan treatment,
sucrose inversion by enzyme invertase at a low-temperature evaporation mode (+58 °C).
Under such conditions, good quality syrup with a slight accumulation of 5-
hydroxymethylfurfural during storage and no reaction of crystallization of sucrose was
obtained. The proposed technology is overloaded with technological processes, which is not
always an economically sound solution.

Meanwhile, the effectiveness of natural sorbents, in particular zeolite, for clearing sugar
sorghum juice, has not been studied. At the same time, the researchers (Husiatynska N. etal.,
2018) proposed to use natural zeolite to improve the production quality of diffusion juice in
the production of sugar from sugar beets.

Therefore, an important issue in the technology of obtaining a high-quality sugar-
containing product is the maximum preservation of the carbohydrate component and useful
biologically active compounds of sorghum juice.

The aim of the research was to establish the regularities of removal of macromolecular
and colouring compounds when using different methods of sugar sorghum juice purification
to obtain food syrup. To achieve this goal, the following tasks were identified:

— To carry out comparative studies of different methods of sugar sorghum juice
purification in order to choose the optimal conditions of the process without the
involvement of chemical reagents;

—  To establish the efficiency of sugar sorghum juice clarification with zeolite sorbent
and to determine effective methods of zeolite application in combination with
membrane and ion exchange filtration methods at the stage of juice purification in
processing natural sorghum juice;

—  To establish the optimal application rate of zeolite sorbent for the process of
juicepurification in order to improve production quality of the juice;

—  To investigate the degree of removal of macromolecular compounds, proteins and
colouring compounds from sorghum juice.

Materials and methods
Materials used in the experiment

Natural zeolite with fractions <0.3 (powder), 0.2-05 mm, and 1-3 mm
(Transcarpathian Zeolite Plant, Sokyrnytsia, Khust district, Zakarpattia region, Ukraine.

Chemical reagent, cationic flocculant, is developed on the basis of polyhexamethylene
guanidine hydrochloride (PHMG-HC) (20.0+1.5% mass), which belongs to low-hazardous
substances (hazard class 4) and has approval for drinking water purification and solutions
(Gembickij P.A. et al., 1998).

Membrane purification methods (Membrany, 2005), which involved the use of
mechanical filtration, on a polypropylene cartridge filter Ecosoft 2.5x10" with a filtration
degree of 5-10 pm and ultrafiltration on a membrane Aqua filter TLCHF-2T with a filtration
degree of 0.02-0.1 um.
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lon exchange regenerating mixture of resins DOWEXMB-50 of mixed action in the
ratio of cations in Hform and anions in OHform of 1.2:1.0, with a granule size of 0.35-1.2
mm and a total exchange capacity (g-equivalent/l) 1.8 H* and 1.0 OH~ (Dow Chemical LLC).

Sorghum stalks of sugar hybrid ‘Mamont’ (the breeder: Odesa Breeding and Genetic
Institute — National Centre of NAAS) were used as a feedstock. They were harvested in the
stage of milky-wax ripeness in the experimental field of the Institute of Bioenergy Crops and
Sugar Beet NAAS (Ksaverivka 2, Vasylkiv district, Kyiv region). Cell juice was obtained
from stems, which were previously cleaned of leaves and squeezed on a roller press. The
obtained sorghum juice was filtered. Its physicochemical characteristics were determined in
the average juice sample (Table 1).

Table 1
Technological indicators of sugar sorghum juice

Index Average value
H* activity 5.0+0.22

Dry matter (DM), % 15.8+0.26
Macromolecular compounds (MMS), % DM | 12.1+0.38
Proteins, % 0.87+0.1
Starch, % 3.1+0.3

Total sugars, % 12.9+0.1
Reducing sugars, % 4.5+0.05
Sucrose, % 8.4+0.05

Pre-clarification of sugar sorghum juice

Extraction of sugars from sorghum stalks was performed by pressing (Grigorenko, N.O.
et al., 2017). The resulting juice, due to the content of natural starch, was subjected to
enzymatic treatment (Hryhorenko N. et al., 2007). Hydrolysis of starch reduces the viscosity
of juices during purification and increases the sugar content in the juice. The natural sorghum
juice was heated to a temperature of 95—100 °C and kept at this temperature for 8+3 min for
thermal coagulation of the MMS and proteins (Hryhorenko N. et al., 2007). Then the juice
was cooled to the optimal for enzymes temperature and two-stage enzymatic hydrolysis of
starch was carried out as follows: (1) dextrinization and simultaneous dilution of starch were
performed with the addition of the enzyme product (a-amylase) in the amount of 2.5-3.0
units per 1g DM of starch for 3010 min; (2) saccharification of dextrins to glucose was
performed with the addition of glucoamylase in the amount of 3.0—4.0 units per 1 g of DM
starch for 30+10 minutes. The resulting juice was used for research to purify and thicken to
a syrup.

Technological characteristics of sorghum juice after enzymatic hydrolysis of starch are
shown in Table 2.

Sorghum juice purification
Chemical reagents, natural adsorption mineral materials, membrane filtration methods,

and ion exchange purification were used to cleansugar sorghum juice from macromolecular
and colouring compounds. The proposed methods are shown in Table 3.
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Table 2
Technological characteristics of sorghum juice after fermentation

Index Value

H" activity 5.22

Dry matter (DM), % 16.3

Proteins, % 0.68

Macromolecular compounds (MMS), % DM | 10.90

Total sugars, % 13.70

Reducing sugars, % 4.93

Sucrose, % 8.77

Purity, % 84.05

Table 3
Methods of sugar sorghum juice purification
Processes Treatmentl | Treatment | Treatment | Treatment
(control) 2 3 4

Pre-purification + + + +
Chemical clarification +
Adsorption purification + + +
Mechanical filtering + + + +
Ultrafiltration + + +
lon exchange purification +
Concentration + + + +

In order to effectively extract soluble non-sugars from sorghum juice, including MMS
and colouring compounds, a chemical reagent, namelycationic flocculant polyhexamethylene
guanidine hydrochloride (PHMG HC), and natural mineral sorbent, zeolite-clinoptilolite,
were used in the research.

Treatment 1 — control. It is based on our previously developed technology
(Hryhorenko N. et al., 2020), which provided removal of MMS and colouring substances
after pre-purificationusing PHMG HC at an application rate of 0.004—0.005% a.i. and a
temperature of 60 °C for 30 minutes, followed by separation of the coagulated sludge by
filtration with a perlite filler on a vacuum filter and carrying out additional ultrafiltration of
sorghum juice on a polyethylene terephthalate membrane with a pore diameter of 0.08—0.15
pm.

All purification methods stipulated concentration of purified juice to syrup with a dry
matter content of 70—75%. The concentration process was performed using a laboratory
rotary vacuum evaporator at a temperature of 60—80 °C.

Treatment 2. After pre-purification of the juice, to remove coagulated non-sugars and
mechanical impurities, adsorption purification with sorbent zeolite-clinoptilolite in the
amount of 1.0% masswas carried out at a temperature of 40 °C for 8—10 min followed by
membrane filtration, i.e. mechanical filtration on the polypropylene cartridge filter Ecosoft
2,5x10”with a filtration degree of 5—10 pum.
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Treatments 3 and 4. The juice purification was performed using zeolite-clinoptilolite
sorbent in the amount of 1.0% to the weight of the juice at a temperature of 40 °C for §—10
min, followed by mechanical filtration on a polypropylene cartridge filter Ecosoft
2.5x10”with a filtration degree of 5—10 pm, ultrafiltration using Aquafilter TLCHF-2T
membrane with a filtration degree of 0.02—0.1 um at an operating pressure of 0.1-0.15 MPa
(treatment 3), and ion exchange sorption of sorghum juice using ion exchange regenerating
resins of mixed action DOWEXM-50 in the cation exchange resin in H™ form to anion
exchange resin in OH" form ratio of 1.2:1.0 (treatment 4).

Determining the main technological quality indicators of sugar sorghum juice and
food syrup

The research was conducted using conventional methods of control and analysisexisting
in the sugar industries and accepted in international practice (Kupchyk M. et al., 2007).

The content of total sugars, reducing substances, and sucrose was determined by the
iodometric method (Shtangeyeva N.I. et al., 2000), which is based on the reduction of
alkaline copper solution with a solution of reducing substances and quantification of reduced
copper oxide (1).

The purity index was calculated as the ratio of the total sugars content in the product
to the dry matter content multiplied by 100% (Kupchyk M. et al., 2007).

The starch content was determined by the Morell Do Voil method (Panova T. et al.,
2010), which is based on measuring the optical density of the solution, acidified with acetic
acid and treated with potassium iodide, using SF-46 spectrophotometer at a wavelength of
570 nm.

The starch concentration was determined according to the calibration curve
constructed on standard solutions.

The content of the macromolecular substances (MMS) and colloids was determined
by the method of Dumanskyy and Harin, modified by Korolkov and Silina, which is based
on the properties of hydrophilic colloids to coagulate in solution after the addition of ethanol,
followed by their quantitative determination by the weight method (Kupchyk M. et al., 2007).

The protein content was determined by the method of Reva and Simakhina (with biuret
reagent) using spectrophotometer SF-46 at a wavelength of 600 nm (Kupchyk M. et al.,
2007).

Dry matter content (DM, % to the weight of the product) was determined without
sample preparation, at a temperature of 20 °C by the refractometric method (Kupchyk M. et
al., 2007) using refractometer RPL-3.

The activity of H* ions was determined by the potentiometric method (Kupchyk M. et
al., 2007) using universal ionometer EV-74.

The colour of the solutions was determined by photometric method, i.e. measuring the
optical density of the solutions using photoelectrocolourimeter KFK-3, in a 10-mm cuvette,
at a wavelength of 560 nm (Shtangeyeva N.I. et al., 2000).

Order of research

The application rate of zeolite for sorghum juice was 0—2.0% to the weight of juice.
After stirring for 8—10 min, the precipitate was separated by filtration. Colour (Shtangeyeva
N.I. et al., 2000) and MMS content (Kupchyk M. et al., 2007) were determined, and the
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efficiency of decolourisation (Herasymenko O.A et al., 1992) and MMS removal
(Herasymenko O.A et al., 1992) was calculated.

At the next technological stage, for the most complete extraction of MMS and colour
compounds from sorghum juice, after treatment with zeolite in the amount of 1.0% tothe
weight of juice at a temperature of 40 °C for 8—10 min, it was envisaged to carry out
additional purification of the juice by membrane filtration methods, namely mechanical
filtration (treatment 2), mechanical and ultrafiltration (treatment 3), with supplementing
previous method by ion exchange purification (treatment 4). Juice purification using
PHMGHC (treatmentl) was used as a control.

At the next stage of research, to obtain an organic syrup from sugar sorghum juice,
which would have improved technological quality and functional health properties, there is
a need to replace the technology of purification using synthetic flocculant PHMG HC with a
natural absorbent. Therefore, treatments 3 and4 involved the use of the natural mineral
sorbent zeolite-clinoptilolite in sorghum juice purification.

Statistical analysis

Data were expressed as mean+standard deviation for three replications. Mathematical
processing of the experimental data was performed using Mathcad Professional 2000 and
Microsoft Excel 2007. The differences were considered significant at the LSD a = 0.95.

Results and discussion

Study of methods of sugar sorghum juice purification and the quality of the
obtained food syrups

The adsorption properties of zeolite-clinoptilolite are determined by its structure, which
consists of silicon tetrahedra and alumina octahedral (Taran N.G.,1983). The high ion
exchange activity of clinoptilolite is associated with the content of AlI** ions (Milovych S. et
al., 2010). In the case of natural sorbent, physicochemical processes of the interaction
between anions of macromolecular and colouring compounds of sorghum with AIP* cations
of the sorbent occur due to specific adsorption forces because of their high polarization ability
(Wanga Sh. et al., 2010).

In order to establish a rational application rate of zeolite-clinoptilolite and the duration
of the process of sorghum juice purification, we carried out studies. Their results are given
in Table 4.

The high efficiency of purification of sorghum juice is achieved by treating it with
zeolite-clinoptilolite at an application rate from 0.3 to 1.5% to the weight of juice and the
duration of 4-8 min. At such an application rate, a decrease in the content of the MMS was
noted, which led to a decrease in the colour of sorghum juice. The optimal application rate
can be considered0.8-1.0% to the weight of juice, which ensures discolouration efficiency
from 41 to 46%, and the efficiency of MMS removal from 20 to 22%. The obtained results
are consistent with the conclusions of other studies (Husiatynska N. et al., 2018).
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Table 4
Technological characteristics of the purified sorghum juice as affected by the application rate of
zeolite-clinoptilolite and the duration of the process

Index Application rate of reagent, % to juice weight
0.1 0.3 0.5 1.0 15 2.0
Dry matter (DM), % 16.0 |16.0 |16.1 | 16.1 16.1 | 16.2
H* activity 513 |5.13 |513 |513 |513 |5.13
Colour, ICUMSA units 905.6 | 736.6 | 697.8 |507.3 |5082 | 516.7
Decolouration efficiency, % 3.68 | 21.65 | 25.78 | 46.04 | 45.95 | 45.04
MMS, % to DM 843 |7.34 |695 |6.75 |6.71 | 6.68
Efficiency of MMS removal, % | 2.54 | 15.14 | 19.65 [21.96 | 22.43 | 22.77

The high efficiency of purification of sorghum juice is achieved by treating it with
zeolite-clinoptilolite at an application rate from 0.3 to 1.5% to the weight of juice and the
duration of 4-8 min. At such an application rate, a decrease in the content of the MMS was
noted, which led to a decrease in the colour of sorghum juice. The optimal application rate
can be considered0.8-1.0% to the weight of juice, which ensures discolouration efficiency
from 41 to 46%, and the efficiency of MMS removal from 20 to 22%. The obtained results
are consistent with the conclusions of other studies (Husiatynska N. et al., 2018).

Study of the efficiency of purification of sugar sorghum juice using membrane
technology

Technological characteristics of sorghum juice obtained in different treatments are
presented in Table 5.

Table 5
Technological characteristics of purified sorghum juice
Index Treatment 1| Treatment | Treatment | Treatment
(control) 2 3 4
H* activity 5.22 5.22 5.22 4.99
Dry matter (DM), % 17.2 16.8 16.6 16.5
Macromolecular compounds 5.60 6.40 3.32 1.18
(MMS), % DM
Proteins, % 0.30 0.37 0.12 0.01
Colour, ICUMSA units 254.0 469.7 245.8 128.9
Total sugars, % 15.62 14.70 15.06 15.12
Reducing sugars:
% to product weight 5.82 5.35 5.23 5.09
% DM 33.84 31.85 31.50 30.85
Sucrose:
% to product weight 9.80 9.35 9.83 10.03
% DM 56.97 55.65 59.22 60.79
Purity, % 90.81 87.50 90.72 91.64
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Analysis of technological characteristics of purified juice (Table 5) confirmed that the
use of cationic flocculant PHMG HC, mechanical and ultrafiltration in treatment 1 (control)
improves the quality of purified juice by precipitating MMS and colour compounds, which
reduces the colour to 254.0 ICUMSA units and increase juice purity to 90.81%. This is
consistent with the findings of previous studies (Hryhorenko N. et al., 2020).

It should be noted that in today's conditions (Grygorenko, N. et al., 2019) when there is
a trend of excessive consumption of simple carbohydrates and synthetic sweeteners by the
population, the need for organic and environmentally friendly products is becoming
increasingly important. Therefore, we came to a reasonable decision, that is to withdraw
chemical reagent PHMG HC from the technological process of sorghum juice purification
(Hrushetskyi R.1. et al., 2016).

However, treatment 2, that is the use of only membrane filtration methods after pre-
and adsorption purification of the juice, did not ensure its proper purification from
macromolecular and colour compounds. Thus, the MMS content in purified sorghum juice
remained quite high (6.40%), which significantly affected its colour, the value of which was
quite high and amounted to 469.7 ICUMSA units. Accordingly, under such conditions, the
purification of the juice did not significantly increase its purity (87.50%).

Efficiency sorghum sugar juice purification using zeolite

Comparative data on the technological quality of purified juices in treatments3 and 4
(Table 5) confirmed the correct choice of purification method, which provides the most
complete removal of MMS and colour compounds and improves its quality, including purity.

Thus, under the conditions of using zeolite-clinoptilolite, mechanical filtration, and
ultrafiltration, there is a significant improvement in the technological characteristics of
sorghum juice (treatment3). Under such conditions, sorghum juice was obtained with a purity
of 90.72% and a colour of 245.8 ICUMSA units, which indicates the high productivity of the
ultrafiltration process in combination with absorption purification of the juice with zeolite to
remove suspensions substances, MMS and colouring compounds.

It should be noted that in treatment3, supplemented with ion exchange purification, we
obtained purified juice with the lowest indicators in terms of MMS content (1.18%) and
protein content (0.01%). Thus, treatment4 provided the highest efficiency in the extraction
of MMS and colouring compounds. The colour of the juice decreased almost twice compared
to treatment3 and amounted to 128.9 ICUMSA units. The purity of the purified juice was
also the highest (91.64%) and comparable to all proposed methods of purification.

Confirmation of these research results is the efficiency of purification, MMS, and
protein substances removal from sugar sorghum juice by the studied methods (Figure 1).

Thus, studies have shown that the best efficiency of sorghum juices purification was
observed in treatments 3 and 4, specifically, absorption purification using zeolite-
clinoptilolite, mechanical and ultrafiltration (treatment3), which ensured purification
efficiency, removal of MMS and proteins of 46.1%, 82.3%, and 69.5%, respectively. Under
the conditions of absorption purification by zeolite-clinoptilolite, mechanical filtration,
ultrafiltration, and ion exchange purification (treatment4), purification efficiency, removal
of MMS and proteins amounted to 51.9%, 98.5%, and 89.2%, respectively.
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Figure 1. Efficiency of purification, MMS and protein compounds removal from sugar sorghum
juice by different purification methods

Study of methods of purification of sugar sorghum juice on the quality of the
obtained food syrups

The results of the studies on sensory and physicochemical characteristics of syrups
obtained in accordance with the proposed methods of juice purification are presented in Table
6.

Analysis of the experimental data (Table 6) shows that the purification methods 1 and
2 did not fully ensure the removal of MMS and colouring compounds. A high colour index
of the product due to the high content of MMS, proteins and colouring compounds was
observed in the juices obtained by the relevant purification treatments. In addition, in the
process of juice concentration to syrup at high temperatures, sugars enter into complex
reactions of dehydration, melanoid formation (Mayar reaction), etc. (Eggleston G. et al.,
2000; Vercellotti J. et al., 2010), which leads to intensive formation of colouring substances
that affect food characteristics of the syrup in terms of colour and taste.
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Table 6

Comparative sensory and physicochemical characteristics of the syrups obtained by different
methods of sorghum juice purification

Characteristics Obtained sugar sorghum syrups
Treatment1 | Treatment 2 Treatment 3 | Treatment 4
(control)
Sensory characteristics
Look Curdy Curdy Curdy Curdy
consistency, consistency, consistency, consistency,
transparent | untransparent transparent transparent
liquid liquid liquid liquid
Colour Light-brown | Dark-brown Yellow Light-yellow
Physical and chemical characteristics
H* activity 5.25 5.24 5.22 4.87
Dry matter (DM), % 74.5 73.5 73.4 74.2
Colour, ICUMSA units 540.2 612.9 99.8 86.7
Total sugars, % 67.52 64.20 66.48 68.05
Reducing sugars:
% to product weight 25.72 24.72 23.68 23.20
% DM 34.52 33.63 32.26 31.27
Sucrose:
% to product weight 41.80 39.48 42.80 44.85
% DM 56.11 53.72 58.31 60.44
Purity, % 90.63 87.35 9.57 91.71

Confirmation of these assumptions is a more rapid increase in reducing sugars in the
process of technological purification of juice and thickening to syrup in treatments 1 and 2
(Table 6), which led to a more intense increase in colour due to the interaction of
monosaccharides with amino acids at a high temperature (Bugaenko I.F. et al., 2002).

At the same time, treatment 3 provided quite good results in terms of syrup quality (99.8
ICUMSA units) and purity (90.57%). The best results of the quality of the syrup were
obtained in treatment 4, with a colour of 86.7 ICUMSA units and a purity of 91.71%. Also,
in these methods, there is no significant rearrangement in sugars, which indicates resource-
saving conditions of technological processes of juice purification and thickening to syrup. In
addition, it should be noted that these methods of purification are better from a sanitary point
of view (Glebov A.B. et al., 2013) because they do not involve soluble chemical reagents
(Patent 147898 Ukraine). To sum up the experimental data, it can be stated that the methods
of sorghum juice purification used in treatments 3 and 4 are efficient in removing MMS,
proteins and colour compounds and ensure obtaining of transparent yellow and slightly amber
syrup with a pleasant odour and balanced the optimal ratio of carbohydrates sucrose and
glucose, fructose (65:35% mass). This fact makes it possible to recommend syrup for
consumption as a natural sweetener. In addition, the developed technologies ensure the
preservation of natural amino acids. We identified 19 amino acids in the products, of which
seven are essential (threonine, valine, methionine, isoleucine, leucine, phenylalanine, and
lysine). Of the minerals that are essential for human health, we found seven (iron, nickel,
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zinc, copper, cobalt, manganese, chromium) vital trace elements that are necessary for
metabolic processes, as a part of the molecules, enzymes, hormones, and vitamins. The
obtained products contain micronutrients in the amount of about 2% to DM. The presence of
amino acids and minerals necessary for the human body indicates their significant nutritional
and biological value.

Accordingly, the syrup obtained by purification methods used in treatments 3 and 4,
namely adsorption purification, membrane filtration, and ion exchange purification, can be
used in organic food production and also be a ready-to-use sugar-containing product.

Conclusion

1. In the conditions of deteriorating food security and food quality, due to the use of
synthetic sugar substitutes in food products instead of crystal sugar, the production of
organic sugar-containing products from alternative feedstock, in particular, sugar
sorghum, have big prospects.

2. It was found that juice purification methods that use zeolite adsorbent, mechanical
filtration in combination with ultrafiltration, and ion exchange purification ensure
obtaining an organic sugar-containing product with a well-balanced natural carbohydrate
composition which can be widely used in the food industry as a sugar component.

3. The study shows the effectiveness of the natural adsorbent zeolite in improving the quality
of sorghum juice, reducing its colour, and removing MMS and protein substances. At an
application rate of zeolite of 0.8-1.0% to the weight of juice, the efficiency of
discolouration is 41-46%, and the efficiency of MMS removal is 20—22%.

4. Itis experimentally determined that the use of zeolite for the purification of sorghum juice
in combination with membrane filtration methods, such as mechanical filtration and
ultrafiltration (treatment 3) provides the efficiency of purification, MMS and proteins
removal and at the level of 46.1%, 82.3%, and 69.5%, respectively. Under the conditions
of supplementing the above-mentioned treatment with ion exchange purification
(treatment 4) we obtained an increase in the efficiency of purification, MMS and proteins
amounted to 51.9%, 98.5%, and 89.2%, respectively.
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Introduction. The feasibility of usina fermented concentrates
of reconstitutd demineralized sweet whey as a source of whey
proteins and monosaccharides in ice cream was proved.

Materials and methods. Physicochemical parameters of
reconstituted fermented and unfermented concentrates of
demineralized sweet whey with dry matter content from 10 to 40%
were studied. The lactose content was determined by the accelerated
colorimetric method, water activity — on the water activity analyzer.

Results and discussion. Rational regimes of enzymatic
hydrolysis of lactose in concentrates of reconstituted demineralized
sweet whey with dry matter content from 10 to 40% are temperature
of 4043 °C and a pH of 6.1-6.6, the recommended dose of liquid
enzyme preparation GODO-YNL2, obtained from the yeast
Kluyveromyces lactis, for concentrates with a lactose content of
7.5-30.0% ranges from 0.1 to 0.4%. The duration of enzymatic
hydrolysis under these conditions for 4+2 h ensures the degree of
lactose hydrolysis not less than 70%. In order to increase the degree
of lactose hydrolysis simultaneously with the enzyme preparation
in certain quantities single-strain lyophilized probiotic culture «L.
acidophilus LYO 50 DCU-S» was used.

During the first 4 hours of incubation, the active acidity of the
whey concentrates samples reaches values not lower than pH=5.7—
5.9. At the specified acidity, the enzyme preparation GODO-YNL2
shows sufficient activity. The presence of lactose hydrolysis
products to some extent stimulates the development of L.
acidophilus. Due to the joint hydrolyzing action of enzyme and
starter culture preparations for 6-8 hours, the degree of lactose
hydrolysis can be achieved at the level of 80-85%.

The prospect of further research is the development of
scientifically sound ice cream formulations based on hydrolyzed
concentrates of reconstituted fermented whey. Ice cream enriched
with whey proteins and probiotic culture of L. acidophilus will also
have a lower content of disaccharides — sucrose and lactose.

Conclusions. The possibility of increasing the efficiency of
lactose enzymolysis in concentrates of reconstituted demineralized
whey to 80-85% by combining the specific action of the enzyme
preparation GODO-YNL2 and starter based on L. acidophilus has
been proved. The product of enzymolysis is of technological
interest as a multifunctional ingredient in ice cream.
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Introduction

Ice cream with a higher content of milk proteins is usually enriched with casein and
caseinates, whey protein concentrates, as well as dry dairy products (Nadtochij et al., 2016;
Polishchuk et al., 2020). It was proved the possibility of increasing the protein content by 30-
90% in ice cream with a mass fraction of 10.5% fat by adding concentrates of whey proteins
and milk proteins (Patel, 2006), but it significantly increases the cost of the finished product at
its rather high-fat content. At the same time, reducing the caloric content of ice cream by
limiting its fat content to not more than 5% is one of the urgent tasks in the field of its
production. Decreased fat content or its absence in ice cream leads to defects of consistency
(Goff and Hartel, 2013). Usually, problems with the formation of organoleptic quality
indicators of low-fat ice cream are solved by using polysaccharides and products of their
chemical modification or destruction (Azari-Anpar et al., 2017). These compounds only
thicken the aqueous phase and do not affect the nutritional value of the product. Instead, whey
proteins have a unique ability to mask the absence or low-fat content in ice cream (El-Zeini et
al., 2016), which allows increasing the biological value of the product and ensure its high
quality.

The cheapest source of biologically complete whey proteins in ice cream is condensed
and dry whey. However, whey contains up to 70-75% of lactose from the total dry matter
content, the excess of which in ice cream causes its excessive crystallization (Livney et al.,
2007). Reducing the lactose content or its exclusion from the composition of ice cream by
enzymatic hydrolysis prevents defects of consistency during storage of the hardened product
(Ozdemir et al., 2018; Chauhan et al. 2010). The products of lactose hydrolysis are also
characterized by an increased degree of sweetness, which makes it possible to reduce the sugar
content in ice cream composition. Partial hydrolysis of lactose can be achieved by incubating
ice cream mixtures with lactic acid bacteria (Borovik et al., 2014). However, the combination
of both methods of lactose enzymolysis in whey concentrates with the simultaneous use of
enzyme and starter culture preparations has not been studied, which confirms the need for
further study of this issue.

It is known that reconstituted whey is not inferior to milk as a nutrient medium for
lactobacilli, and the rate of enzymatic reaction depends only on the initial lactose content in
the dairy system (Lisak et al., 2011; Drgalic et al., 2005; Stehlik-Tomas et al., 2001). This gives
rise to choose reconstituted whey not only as a source of protein but also lactose for its
microbial fermentation.

Quite a high content of salts in the whey (up to 0.6-0.8% — in fresh, up to 8.5% — in dry)
can also affect the quality of ice cream — its taste and texture (Goff and Hartel, 2013). The
addition of 10 to 25% of dry whey to the ice cream reduces the cryoscopic temperature of the
mixtures by more than 0.55 °C, which significantly impairs the shape stability of the ice cream
(Robert et al., 2003). Therefore, it is advisable to use for the production of whey ice cream
reconstituted concentrates of demineralized whey with a mass fraction of dry matter, which
corresponds to their content in the finished product (20-40%).

At the same time, it is known that the most efficient whey hydrolysis occurs at a degree
of demineralization of 70%. Exceeding this value reduces the content of magnesium and
manganese ions in the whey, which activates the enzymatic activity of B-galactosidase
(Sokolovskaja et al., 2017). Thus, hydrolyzed whey concentrates with a degree of
demineralization of 70% are promising in the composition of ice cream, as they will reduce
the need for sugar, prevent consistency defects and increase the nutritional value of low-
lactose ice cream (Baruk¢i¢ and Bozani¢, 2008).

278 —— Ukrainian Food Journal. 2021. Volume 10. Issue 2


https://www.ncbi.nlm.nih.gov/pubmed/?term=Azari-Anpar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28416867
https://pubmed.ncbi.nlm.nih.gov/?term=Chauhan+JM&cauthor_id=20338422
https://www.researchgate.net/scientific-contributions/Ida-Drgalic-17672223
https://www.researchgate.net/profile/Irena_Barukcic
https://www.researchgate.net/profile/R-Bozanic

—— Food Technology ——

The purpose of the research is to study the patterns of the process of lactose hydrolysis
in reconstituted concentrates of sweet demineralized whey, intended for the production of ice
cream with higher content of whey proteins and low lactose content.

So it is necessary to solve the following tasks:

— Choose a technologically feasible way to enrich ice cream with milk proteins;

— To determine the rational modes of enzymatic hydrolysis of lactose in concentrates of
demineralized sweet whey;

— To check the possibility of lactose enzymolysis with simultaneous use of enzyme and
starter culture preparations;

— To determine the possibility of partial replacement of sugar by hydrolyzed whey
concentrates in ice cream composition.

Materials and methods
Materials

Demineralized whey powder was selected for the study, which contains in terms of dry
matter: ash —not more than 2.5%, lactose — not less than 79%, protein — not less than 10.7%.
The solubility index of dry demineralized whey is 0.5 cm * of the raw precipitate.

As an enzyme preparation, a liquid preparation of f-D-galactosidase hydrolase (lactase)
with the trade name GODO-YNL2 (Danisko, Denmark) was used, which is a producer of
selection strains of Kluyveromyces lactis. Under standard conditions of milk hydrolysis for
24 h at a temperature of 4.4-7.2 °C, the recommended amount of the preparation GODO-
YNL2 (containing 10% S-galactosidase) is 100 g per 100 liters of milk.

For incubation of fermented samples with residual lactose content was used starter
preparation «L. acidophilus LYO 50 DCU-S» (Danisko, Denmark), which is a single-strain
lyophilized probiotic culture with the recommended dose of 5 g per 100 liters of milk.

Samples and their preparation

Dry whey was reconstituted in drinking water at a temperature of 40-45 °C, the obtained
concentrates with a mass fraction of dry matter from 10 to 40% were filtered, pasteurized at
a temperature of 85-88 °C for 3-5 min, cooled to a temperature of 40-43 °C (temperature
range acceptable for enzymolysis with various preparations) and fermented with the
preparation GODO-YNL?2 and starter based on the starter preparation «L. acidophilus LYO
50 DCU-S» for different combinations, according to the schemes below.

The degree of lactose hydrolysis was determined by variable modes of fermentation in
concentrates of reduced demineralized sweet whey with a mass fraction of dry matter from
10 to 40%. The mass fraction of the enzyme preparation was varied in the range from 0.1 to
0.4%, the duration of the fermentation process — from 1 to 10 hours.

The following schemes of fermentation process were adopted:

— Scheme 1. Fermentation of whey concentrates with the enzyme preparation GODO-

YNL2;

— Scheme 2. Fermentation of whey concentrates with enzyme preparation GODO-YNL2
and starter preparation «/. Acidophilus lyo 50 dcu-s».
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With the simultaneous application of the enzyme GODO-YNL2 and the starter
preparation, it is assumed that during the lag phase of L. acidophilus development (2-4 h) the
enzyme should have time to detect hydrolytic activity at active acidity pH >5.7.

Methods
Method for determining lactose content

The lactose content was determined by the accelerated colorimetric method (Teles et
al., 1978) by changing the color of whey samples, which occurs due to the interaction
between phenol, sodium hydroxide, picric acid, sodium bisulfide with lactose.

Methods for determining active and titrated acidity

The active acidity index was measured on a pH-meter «pH-150 MA» with a combined
glass electrode «ESC 10601/4» (Tomovska et al., 2016).

Measurement of titratable acidity was carried out in accordance with a generally known
method (Tomovska et al., 2016).

Method for determining water activity

Water activity was determined in whey concentrates before and after fermentation on a
water activity analyzer "HygroLab 2" (Rotronic, Switzerland) at a temperature of 20 °C in
the measurement range 0-1 Aw (0-100% rh) (Kuzmyk et al., 2021).

The degree of hydrolysis was expressed as a percentage, according to the lactose
content of the fermented samples relative to its initial content (Livney Y. et al., 2007).

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using Microsoft Excel 2007. Differences were considered
to be significant at a validity of a = 0.95.

Results and discussion

Activity of the enzyme preparation for the lactose hydrolysis in reconstituted whey
concentrates

According to scheme 1 of the fermentation process, the above, tested the effectiveness
of the enzyme preparation GODO-YNL2 for the lactose hydrolysis in whey concentrates with
a mass fraction of dry matter from 10 to 40%. The lactose content in the samples,
respectively, ranged from 7.7 to 30.8%. The active acidity of the whey concentrates ranged
from 6.6 + 0.1 (10% dry matter) to 6.1 + 0.1 (40% dry matter).

In table 1 shows the values of the degree of lactose hydrolysis with variable content and
duration of the process. The degree of lactose hydrolysis, not less than 70% (the
corresponding values are highlighted in the table with a light gray background), and the
degree of lactose hydrolysis above 75% (moderately gray background) were considered high.
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According to the results of the study (Table 1), a significant effect on the degree of
lactose hydrolysis in variable parameters of this process (the content of the enzyme
preparation and the duration of fermentation) was confirmed (Rosolen et al., 2015).

Table 1
Degree of lactose hydrolysis (%) in concentrates of reconstituted demineralized sweet whey of
different dry matter content with the introduction of the enzyme preparation
(P>0.95; n =3)*

Content of Duration of fermentation, h
the enzyme 1 2 4 6 8 10
preparation, %
Mass fraction of dry matter 10% (mass fraction of lactose 7.7%)
0,1 34,5+1,1 | 55,1+1,8 | 71,0+1,8 | 73,1£2,0 | 74,2+2,0 | 75,0+2,0
0,2 45,3+1,3 | 71,3£2,0 | 72,5€1,9 | 74,0£2,1 | 75,1£2,5 | 76,2+2.,4
0,3 57,0£2,0 | 73,0+£2,2 | 74,5+£2,1 | 75,2£2,5 | 76,2+2,1 | 77,0£2,3
0,4 70,0£2,2 | 75,2422 | 76,2£2,2 | 76,8424 | 77,1+£2,2 | 77,424
Mass fraction of dry matter 20% (mass fraction of lactose 15.4%)
0,1 30,2+1,1 | 50,8+1,9 | 62,0+1,8 | 69,1+2,2 | 71,3+2,3 | 73,5+2,0
0,2 42,0£1,5 | 64,6+2,0 | 71,1+2,1 | 72,3+2,4 | 73,0£2,0 | 74,3+2.4
0,3 52,8+1,9 | 71,042,0 | 73,8+2,5 | 74,2+2,0 | 73,5+2,4 | 75,0+2,7
0,4 63,84+2,0 | 71,4423 | 75,0£2,0 | 74,7£2,4 | 74,9+2,0 | 75,54+2,5
Mass fraction of dry matter 30% (mass fraction of lactose 23.1%)
0,1 26,9+1,0 | 47,5+1,5 | 55,3+1,7 | 60,3+2,5 | 67,3+1,9 | 72,1424
0,2 29,8+1,2 | 53,042,0 | 61,7+2,0 | 69,4+2,5 | 71,5+2,2 | 73,44+2,6
0,3 44,7+1,5 | 68,1+2,1 | 72,3+1,9 | 72,54+2,4 | 73,0+2,5 | 74,522
0,4 58,3+1,9 | 70,1+2,2 | 73+2,1 73,7+2,6 | 74,3£2,2 | 75,1£3,0
Mass fraction of dry matter 40% (mass fraction of lactose 30.8%)
0,1 25,2+1,1 | 42,8+1,5 | 53,8+2,1 | 58,4+2,0 | 65,8+1,8 | 70,2+£2,0
0,2 28,0+0,9 | 51,6+1,0 | 59,8+2,1 | 66,2+2,0 | 68,9+2,2 | 71,3+£2,1
0,3 40,3+1,9 | 63,7+£2,0 | 68,2+2,2 | 71,6+2,6 | 72,0£2,2 | 72,6+2,0
0,4 50,3+1,9 | 68,1+2,3 | 71,3+2,0 | 72,4+2,3 | 73,0+2.4 | 73,3£2,2

With the increasing duration of the process, the degree of hydrolysis increases.
Moreover, in the first hours of fermentation, there is the greatest activity of the enzyme,
which gradually decreases. This effect is probably due to a decrease in the lactose content in
the samples and the accumulation of the content of the enzymolysis product — p-galactose,
which is correlated with the known information (Mjalo et al., 2005; Hnitsevych et al., 2017).
At the same time, the dynamic of the hydrolysis process of lactose is significantly influenced
by the physicochemical characteristics of the samples of reconstituted demineralized whey,
in particular the dry matter content. The degree of lactose hydrolysis with an increase in dry
matter content from 20 to 40% is slightly reduced. This can be explained by the increase in
viscosity of reconstituted whey concentrates (Sokolovskaja et al., 2017), which complicates
the distribution of the enzyme in the volume of the substrate and, consequently, reduces the
efficiency of the enzymatic process.
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It should also be noted that with increasing lactose content in concentrates, the need for
the enzyme preparation increases with a corresponding increase in the rational duration of
the enzymolysis process. Thus, to obtain the maximum hydrolytic effect for a concentrate
with a mass fraction of lactose of 7.7% (10% dry matter), the fermentation process is the
shortest (1-2 hours) with a minimum need for the enzyme preparation — at 0.2%. To save the
enzyme by reducing its content to the recommended 0.1%, the duration of hydrolysis should
be extended to 4 hours. With a further gradual increase in the lactose content in concentrates
to 30.8%, the degree of lactose hydrolysis is not less than 70% in the shortest time for this
system (4-6 hours) is possible only with an increased content of enzyme preparation — 03-
0.4%.

Therefore, increasing the content of the substrate requires the use of more enzyme
preparation. At the same time, there are recommendations to reduce the need for enzyme
preparation by increasing the dry matter content in the whey (Sokolovskaja et al., 2017),
which requires further refinement for systems based on concentrated whey obtained in
different ways.

The following pattern also attracts attention: a high degree of lactose hydrolysis (more
than 75%) in the samples of reconstituted demineralized whey can be achieved only with a
dry matter content of not more than 30%. Moreover, with increasing dry matter content in
whey samples from 10 to 30%, the ranges of variable parameters of the hydrolysis process to
achieve the maximum degree of enzymolysis are significantly narrowed, as illustrated in
Table 1.

Fermentation of demineralized whey concentrates with the help of various
preparations

In order to intensify the fermentation process of lactose, the possibility of combining
the hydrolyzing action of the enzyme GODO-YNL2 and the lyophilized starter «L.
acidophilus LYO 50 DCU-S» was investigated.

For this purpose, the following regularities of the fermentation process of whey
concentrates with a mass fraction of dry matter from 10 to 40% by starter on the basis of the
lyophilized preparation «L. acidophilus LYO 50 DCU-S» were established:

— Phase 1. within 3-4 hours the titrated acidity of fermented concentrates increased
slightly — from 22-25 °T (pH = 6.1-6.6) to 38-42 °T (pH = 5.7-5.9), which
characteristic of the lag phase of bacterial development;

— Phase 2: during the next 2-3 hours there was an active increase in acidity to values of
90-100 °T (pH = 4.2-4.36);

— Phase 3: the subsequent period was characterized by a decrease in the activity of
acidophilic starter with increasing titrated acidity to 110-120 °T, which is a well-known
pattern and is due to the preservative action of lactic acid as a product of lactic acid
fermentation on microorganisms included in compositions of starters (Sharma et al.,
2017).

Since the values of active acidity below 5.5-5.6 will inhibit the enzymatic activity of
the preparation GODO-YNLZ2, it was decided to simultaneously add to the whey concentrates
enzyme preparation GODO-YNL?2 and activated starter «L. acidophilus LYO 50 DCU-Sy.
The duration of the lag phase for 3-4 hours, which is observed during the incubation of whey
concentrates, is sufficient for the enzyme preparation GODO-YNL2 to show its maximum
activity.
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To ensure the maximum possible degree of lactose hydrolysis by the enzyme
preparation within 4 hours (according to Table 1) for samples of whey concentrates was
selected such it amount:

— For whey concentrate with mass fraction of dry matter 10% selected 0.1% of the

preparation GODO-YNLZ2;

— For 20% of concentrate — 0.2%;

— For 30% of concentrate — 0.3%;

— For 40% of the concentrate — 0.4%.

The degree of lactose hydrolysis in concentrates of reconstituted demineralized sweet
whey with different dry matter content with simultaneous application of enzyme and
fermentation preparations are given in table 2. Light gray background highlighted the values
of the degree of lactose hydrolysis higher than 70%, gray — higher than 75%, dark gray —
higher than 80%.

Table 2
Degree of lactose hydrolysis (%) in concentrates of reconstituted demineralized sweet whey of
different dry matter content with the simultaneous introduction of enzyme and starter
preparations
(P>0.95; n = 3)*

Mass fraction off Duration of fermentation, h

dry matter in

concentrate, 1 2 4 6 8 10
%
10 34,7+1,1 | 56,4+1,8 | 76,2+2,2 | 83,5+2,5 | 86,5+2,0 | 87,1+2,8
20 42,5+1,5 | 65,1+2,3 | 75,4+2,5 | 81,5£1,8 | 86,0+2.4 | 86,9+2,5
30 45,0+1,8 | 68,2+2,1 | 73,8+2,7 | 79,8+2,0 | 85,9+2,3 | 86,3+2,2
40 50,8+1,5 | 68,5+2,3 | 73,3+2,2 | 79,0+2,0 | 79,8+2,2 | 84,0+2,3

The combination of hydrolyzing action of the enzyme and starter preparations allows
to increase the degree of lactose hydrolysis in the composition of lactose concentrates to 80%
and above. To do this, it is necessary to ensure the duration of the total hydrolytic process in
concentrates with a dry matter content of 10-30% for 6-8 hours. Prolongation of the
hydrolysis process to 10 hours does not lead to a significant result in terms of changes in the
composition of fermented samples of whey concentrates, except for the sample with the
maximum dry matter content. It should also be noted that the presence of lactose hydrolysis
products to some extent stimulates the development of L. acidophilus bacteria, the activity
of which decreases slightly over time. This is due to the increase in osmotic pressure due to
the accumulation of low molecular weight products of lactose hydrolysis in concentrates of
reconstituted demineralized sweet whey from 10 to 40% (Sleator and Hill, 2002).

In contrast with recent studies (Schmidt et al., 2016; Sangwan, et al., 2015), based on
the use or production of enzyme monopreparations of narrow direction, revealed a symbiotic
effect of the joint interaction of the enzyme and the starter of L. acidophilus. The revealed
symbiosis of the applied preparations increases the efficiency of lactose hydrolysis by 10—
15%, compared with the use of only one enzyme GODO-YNLZ2.

Simultaneous use of acidophilic starter and enzyme not only increases the efficiency
of lactose hydrolysis, but also has the following advantages:

— The possibility of enriching whey ice cream with probiotic culture;
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— Providing ice cream with original organoleptic properties;
— Formation of a thick consistency and increasing of resistance to melting of ice cream
in the presence of viscous exopolysaccharides produced by I. Acidophilus.

Water activity in fermented and unfermented whey concentrates with different
dry matter content

The obtained products of lactose hydrolysis, in particular monosaccharides, will
undoubtedly affect the osmotic pressure of the aqueous phase of ice cream and, accordingly,
a slight decrease in the cryoscopic temperature of the mixtures. Shifting the cryoscopic
temperature to values lower than — 4 °C is not desirable for ice cream, which is subjected to
further low-temperature processing and long-term storage. Too low cryoscopic temperature
reduces the melting resistance of ice cream (Polischuk et al., 2019). To check the effect of
lactose hydrolysis products on the osmotic pressure of the aqueous phase of ice cream, the
water activity (Aw) of fermented and unfermented concentrates of reconstituted whey with
different dry matter content was studied (see Figure 1).
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Figure 1. Water activity of unfermented and fermented samples of reconstituted demineralized
sweet whey with different dry matter content

According to figure 1, the predictable and rather insignificant influence of
monosaccharides on the state of water in the studied samples becomes clear (Polischuk et al.,
2019). A slight decrease in Aw in fermented whey concentrates due to lactose hydrolysis will
to some extent affect the processes of formation of ice cream physicochemical parameters as
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a polydisperse food system. Therefore, in further work, it will be necessary to investigate the
cryoscopic temperature of ice cream samples based on hydrolyzed concentrates of
demineralized whey.

Degree of substitution of sugar for lactose hydrolysis products

From a physiological point of view, the feeling of sweetness is a general feeling of
appetite that occurs when sweeteners stimulate specialized receptor proteins. Sweet foods,
including ice cream, are energetically rich not only because of the presence of sugar itself but
also because it is usually combined with fat. Even small amounts of sugar and fat together
can provide a disproportionate amount of energy (Trumbo et al., 2021). Therefore, low-fat
ice cream with lower sugar content will have increased demand from consumers.

It has previously been suggested that the need for sugar in ice cream may be reduced
due to the greater degree of sweetness of hydrolyzed whey concentrates compared to non-
hydrolyzed concentrates. Therefore, the sweetness degree of concentrates with different dry
matter content was recalculated depending on the degree of lactose hydrolysis (Table 3)
(Trumbo et al., 2021). The values of relative sweetness for lactose were taken as 0.16, and
the values of the relative sweetness of glucose and galactose were 0.73 and 0.32, respectively.

Table 3
Relative sweetness of concentrates from demineralized whey at different dry matter
content and degree of lactose hydrolysis

Mass The degree of lactose hydrolysis, %
fraction
of dry
matter 0 10 20 30 40 50 60 70 80 90 | 100
in whey,
%
10 0,012 |0,015 |0,017 |0,020 |0,023 |0,025 |0,028 |0,031 |0,033 |0,036 |0,039
20 0,024 |0,029 [0,034 |0,040 [0,045 |0,051 |0,056 [0,061 |0,067 [0,072 |0,078
30 10,036 0,044 0,052 [0,060 |0,068 |0,076 |0,084 |0,092 |0,100 |0,108 |0,117
40 0,047 |0,058 |0,069 |0,080 [0,091 |0,101 |0,112 |0,123 |0,134 |0,145 |0,155

According to the results of the calculation, the following is established. In the
composition of milk-based ice cream, the sugar content is about 15%, and the estimated
content of hydrolyzed whey concentrates can reach 50-80%. Therefore, on the example of
the use of 30% fermented whey concentrate, to maintain the conventional degree of
sweetness in ice cream it is possible to reduce the sugar content to 70.5-83.5%.

Thus, another, and very significant advantage of using fermented concentrates of
demineralized whey in ice cream has been proved. This advantage opens up new possibilities
for obtaining low-calorie ice cream, low in sugar and fat, enriched with whey proteins and
probiotics, with high resistance to melting and a creamy consistency.

The prospect of further research is the development of scientifically sound formulations
for low-calorie ice cream with high nutritional value based on hydrolyzed concentrates of
reconstituted fermented whey. After establishing the lactose content in such ice cream, it can
be attributed either to the lactose-free product (lactose < 0.1%) or to the product with reduced
lactose content (lactose < 1%). With the increased content of whey proteins, the biological
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value of the new product and its organoleptic and physicochemical parameters will be
studied.

Conclusions

1. To enrich the ice cream with whey proteins, fermented concentrates of reconstituted
demineralized sweet whey were selected, which can be not only a source of biologically
complete proteins, but also perform the function of sweeteners and contain probiotics,
improve the quality of the finished product.

2. Rational regimes of lactose enzymolysis in concentrates of demineralized whey with a
mass fraction of dry matter from 10 to 40% were determined using the enzyme
preparation GODO-YNL2 in the amount of 0.1-0.4% for the duration of the process
412 h at a temperature of 40-43 °C. The degree of lactose hydrolysis under these
conditions reaches 70—75%.

3. The possibility of increasing the efficiency of the lactose enzymolysis process in
concentrates of demineralized whey to 80-85% by combining the specific action of the
enzyme preparation GODO-YNL?2 and starter based on L. acidophilus has been proved.

4. According to the results of calculating the relative sweetness of hydrolyzed whey
concentrates at different degrees of lactose hydrolysis, the possibility of replacing them
with up to 70.5-83.5% of sugar in ice cream was previously established.
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Introduction. In this study, we aimed to test whether
the antimicrobial capacity of chitosan polymer could be
increased synergistically when fig seed oil, plum kernel ail,
apricot kernel oil were applied in different conditions.

Materials and methods. Antimicrobial effects of these
oils against to certain bacterial species were evaluated
with/without chitosan by agar disk/well diffusion and
spectrophotometric measurement. Thin chitosan films
enriched by seed oils were produced to test both antifungal
and antibacterial effects in vivo and also in application.

Results and discussion. Although we could not obtain
significant effect in culture conditions, fig seed oil singly or
in combination with apricot and plum kernel oil was able to
improve anti-spoilage properties of chitosan film. While
fresh lemon and banana slices wrapped only ordinary cling
film showed a complete deterioration, chitosan-film could
substantially prohibit microbial spoilage. Moreover, almost
a complete protection against microbial spoilage has been
determined for these food particularly packed by chitosan-
film enriched with fig seed oil. Besides, MD simulation was
performed in order to evaluate putative interactions
between oil compounds and chitosan. We have proposed
that the most potential compound which is common in all
theree oil extracts, is benzaldehyde. Herein, interaction
through H-bonding was determined between between
functional groups of the chitosan and benzaldehyde
molecule by computational analysis, suggesting this might
be one of possible factors for the observed contribution of
fig seed oil and also other oil extracts to anti-spoilage
effects of chitosan-based packaging film.

Conclusions. Addition of fig seed oil alone or in
combination with various extracts into food packages has
an application potential in order to extend the shelf life of
food by alleviating deterioration for several days.
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Introduction

Food deterioration or spoilage as a result of various chemical, biological, and/or physical
changes, is a serious problem which is encountered during processes such as production,
storage and distribution (Kong and Singh, 2011). Changes in mentioned features cause food
to become unsuitable for consumption due to loss in tissue integrity, nutritional values,
chemical/biological activity and benefit. Spoilage does not only render a food harmful and
risky for human and public health but also causes economic losses (Rawat, 2015). The factors
that cause food spoilage are classified in three main groups as chemical, physical and
microbial (Odeyemi et al., 2020). Microorganisms such as bacteria and fungi (mold, yeast)
are the leading biological agents which give rise to food spoilage. Some compounds produced
by microorganisms on the food ruin the physical and biochemical properties such as colour,
texture, nutrient content of the food and consequently poison the food (Rawat, 2015).
Spoilage microorganisms include mold species such as Penicillium, Aspergillus, yeast
species such as Saccharomyces, Candida and bacterial species such as Escherichia, Bacillus,
Staphylococcus (Sperber, 2009). A variety of traditional and modern approaches such as
drying, freezing, heat treatment and antimicrobial packaging, respectively, are usually
applied to avoid or retard food spoilage (Amit et al., 2017).

Antimicrobial packaging, a relatively current approach, is based on the principle of
constitution of a protective layer against to saprophyte microorganisms outside the food by
incorporating antimicrobial agents in the packaging film (Malhotra et al., 2015). Certain
natural essential oils from plants, as well as polymers such as polyvinylchloride (PVC),
polypropylene (PP), high density polyethylene (HDPE), low density polyethylene (LDPE),
polyethylene terephthalate (PET), polylactic acid (PLA) and chitosan are frequently prefered
substances in antimicrobial films (Huang et al., 2019). The best example of antimicrobial
polymers is chitosan with chemical formula [(C6H11NO4)n (C8H13NO4)m] (Marpu and
Benton, 2018; Mabhira et al., 2019). Chitosan has the opportunity to be used in many areas,
especially food industry, and has superior properties compared to many other biopolymers in
terms of its chemical and physical properties since it is prevalent and abundant in nature, less
or non-toxic in human beings, biodegradable, biocompatible and antimicrobial (Marpu and
Benton, 2018; Tan et al., 2015). Studies have shown that chitosan has inhibitory effects on
the growth and reproduction of many microorganisms such as Escherichia coli,
Staphylococcus sp., Bacillus sp., Salmonella sp., Listeria sp., Micrococcus sp., Vibrio sp.,
etc. (Goy et al., 2009). However, it has been determined that coating the food with chitosan
film reduces the partial oxygen pressure in the package, contributes to keeping the
temperature in balance by transfer of moisture between the food and its environment,
prevents loss of water and delays enzymatic browning in fruits (Kahve and Duran, 2016).

On the other hand, essential and fixed oils, obtained from different parts of plants, such
as flowers, buds, leaves, fruits, shells, seeds, have quite different biological activities and are
another most widely used additives in the food industry (Huang et al., 2019). Some of the
oils also show antimicrobial activity by altering membrane permeability of the microbial
cells, causing cytotoxic effect or disrupting the cellular energy system (Chouhan et al., 2017).
Due to such antimicrobial effects, certain oils are repurposed or tested in antimicrobial
films/packages. For instance, grapefruit seed extract has been shown to exhibit a broad
inhibition on microbial growth against both gram-positive and gram-negative bacteria
(Heggers et al., 2004). In addition, chitosan-based composite films containing grapefruit seed
extract as an antimicrobial and antifungal agent have been reported to have the potential to
delay the incidence of fungal growth (Tan et al., 2015). In another study, various oils
extracted from the seeds of jackfruit (Artocarpus heterophyllus), papaya (Carica papaya),
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banana peels (Musa acuminata), tamarind (Tamarindus indica), pineapple (Ananas
comosus), plum (Prunus domestica), musambi (Citrus limetta), strawberry (Fragaria
ananassa), orange (Citrus sinensis) and guava (Psidium guajava) were screened for their
potential antimicrobial activities (Debnath et al., 2011). Although extracts of banana,
pineapple and musambi did not show any significant microbial activity contrary to bacterial
and fungal strains, plum seed oil has been showed to have the strongest broad spectrum
antibacterial activity and antifungal activity (Debnath et al., 2011; Savic et al., 2016). It has
also reported that essential oil from apricot kernel had antimicrobial activity against various
bacteria and yeasts (Lee et al 2014) and combining chitosan and apricot kernel oil in the
packaging film has been shown to increase the antimicrobial effect and contributed to food
preservation (Priyadarshi et al., 2018).

Despite the fact that presence of certain studies on antimicrobial properties of apricot
kernel oil and plum Kkernel oil and their cooperation in chitosan films, the number of
researches dealing with fig seed oil is almost negligible. The only existing study which
published by Duman et al., revealed the chemical content of fig seed oil and demonstrated
that fig seed oil had a great antifungal effect against Candida albicans and Aspergillus flavus
strains and strong antibacterial effect on Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Enterococcus faecalis but also weak effect on P. aeruginosa and Klebsiella
pneumoniae in vitro (Duman et al., 2018). Nevertheless, application of fig seed oil as an
additive in chitosan-based antimicrobial films has not been reported yet.

As it was reviewed above, the use of antimicrobial polymers such as chitosan in food
packages are crucial to prevent food spoilage in order to extend shelf life. However, there are
several ongoing studies about investigation of additives that are easily accessible,
biocompatible, biodegradable, non-hazardous for the health and have low cost but high
antimicrobial potential for antimicrobial films.

From the view of this point, we aimed to evaluate antimicrobial effects of fig seed oil
singly and in combination with apricot kernel oil and plum kernel oil synergistically both in
vitro and in vivo.

For this purpose, we have performed antimicrobial tests such as agar disk diffusion, agar
well diffusion and spectrophotometric measurement against to Escherichia coli and Bacillus
subtilis in the culture. Along with this, thin chitosan-based films including each oil
individually and simultaneously together, were produced and tested against both saprophyte
bacteria and fungi on various food by observing microorganismal colonization and by
tracking the changes in physical conditions such as texture, browning, odour, rigidity, etc.
Herein we demonstrated that fig seed oil alone and combination of fig seed oil, apricot kernel
oil and plum kernel oil in chitosan-film conserved the food for a longer time rather than the
film including chitosan only and hence we concluded that fig seed oil and the others
ultimately exhibited a synergistic anti-spoilage effect in practice. Thus it has been the first
study that examined the usage potential of these oils synergistically proposing a promising
usage potential of fig seed oil and also in cooperation with tested oils for the antimicrobial
packaging applications in near future.

Material and methods

Chitosan and seed oil extracts

Chitosan (medium molecular weight) was obtained from Sigma Aldrich (#448877-50G).
The marketed seed oil extracts were supplied from reliable manufacturers in Turkey. Apricot
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seed oil (Prunus armeniaca) and fig seed oil (Ficus carica) were purchased from Arifoglu
Co. (Istanbul, Turkey). Plum seed oil (Prunus salicina) was obtained from Neva Co.
(Istanbul, Turkey). LB Broth and LB Agar (Caisson Labs, UT, USA) were prepared
according to manufacturer’s instructions.

Film preparation

2% (wi/v) of chitosan polymer was dissolved in 1% (v/v) aqueous acetic acid (Merck,
NJ, USA) solution. Solution was stirred at 70°C for 48 hours to obtain a completely
homogeneous gel-like structure in liquid form. Tween 80 (0.2%, v/v) (Merck, NJ, USA) as
an emulsifier and each oil (1.5%, v/v) according to experimental design (Table 1) were added
into solution. First experimental group was prepared as 100 ml chitosan solution only. Each
mixture was spread on the plates covered with cling film and waited for solidification at room
temperature for 24 hours. By the way, one of the surface of a piece of ordinary cling film has
covered with chitosan-based film as well.

Antimicrobial activity

Antimicrobial tests were carried out by using LB broth medium and LB agar-related
methods. For agar well diffusion method Escherichia coli and Bacillus subtilis were streaked
through the LB agar as widespread and then 1-mm diameter wells were punctured in agar to
load 20 pl of solution. Concentration for oils and chitosan were used equivalent to amount in
the film. In disk diffusion method, round pieces with 1.5-mm diameter were cut from the
prepared thin films and placed on LB agar spreaded with bacteria. Petri dishes were incubated
at 37°C overnight to measure inhibition zone around the wells or disks. Along with this,
antimicrobial test were also performed by cultivation in LB broth liquid media. Chitosan and
each oil were added into LB broth in a final concentration of 1.5% (w/v) and 1.5% (v/v),
respectively. Upon incubation at 37°C for overnight, optic density (OD) was measured at 600
nm by UV spectrophotometer (Schimadzu, Japan) to compare relative bacterial growth
between experimental groups.

Calculation of % Inhibition Rate

Escherichia coli and Bacillus subtilis were cultured in LB broth media containing
chitosan only, seed oil extracts only and both in combination (Table 1). Bacterial growth in
such conditions was measured at 600 nm wavelength to evaluate inhibitory effect relative to
control by calculating % inhibition rate of substances alone or in combination. The following
equation was used to calculate the percentage of inhibition on bacterial growth relative to
control which does not contain either chitosan and oil in LB by using absorbance values (A)

(Rolim et al., 2015).
o (Acontrol — Asample)
% inhibition = x 100
) Acontrol
Absorbance obtained for each sample (Asample) was subtracted from the absorbance

of control (Acontrol). Lastly, % inhibition rate was calculated by division of subtraction by
the Acontrol and multiplication by %. Hence inhibition in control was accounted as 0% and
inhibition rate in experimental groups have been calculated relatively compared to control.
Experiment was performed in triplicate for Escherichia coli and average results were
exploited for further analysis while it’s attempted for only once for Bacillus subtilis.
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MD Simulation

Molecular dynamics (MD) simulation was employed to explore the interaction between
benzaldehyde and chitosan polymer chain. Then number of repeating unit for the polymer
was considered to be 19. The ratio of the polymer/benzaldehyde molecules was considered
to be 1/10. Canonical ensemble, NVT (constant number of molecules, constant volume, and
constant temperature), at 300K were used to implement the molecular dynamics for a total
duration of 5.0 ns using a 1.0 fs time step. AMBER force field (Bayly et al., 1995) was also
used in the MD. All the simulations were performed using the LAMMPS software package
(Plimpton, 1995).

Results and discussion

Antimicrobial test of chitosan, seed oil extracts and chitosan-seed oil combinations
on agar culture

It was determined that the inhibition zones around the wells were quite small and there
was no significant difference between the control and other groups. Observed inhibition
zones were less than expected and these zones were not sufficient to measure and compare
accurately since they were about/under only 1 mm on the agar (data not shown). The results
were similar for both types of bacteria. Because we have thought that oil extracts which were
directly loaded in wells may not have been able to form an effective inhibition zone due to
their inability to diffuse in water-based agar. We have attempted disk diffusion method to
overcome this trouble. However, there was no notable and comparable inhibition zones
around the films on agar plates seeded by Escherichia coli and Bacillus subtilis (data not
shown). There were only restricted inhibition zones around contact areas of the well and film
containing chitosan alone (data not shown).

Chitosan, apricot kernel oil, plum kernel oil, fig kernel oil, and chitosan-seed oil solutions
were tested on Bacillus subtilis and Escherichia coli bacteria using both agar well diffusion
and agar disk diffusion methods in obedience to Table 1.

Table 1
Design of control and experimental groups

Film Type | Chitosan | Apricot Kernel Oil | Plum Kernel Oil | Fig Seed Qil

Control
Ch
Ch+AKO
Ch+PKO
Ch+FSO
Ch+Triple

+ —

|||+ ]
|

+
+
+
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Antimicrobial test of chitosan, seed oil extracts and chitosan-seed oil combinations
in broth medium

Results showed that chitosan alone was the most effective reducing E. coli growth by
48%, and unexpectedly the oil extracts could not contribute to antibacterial effect of chitosan
in culture conditions (Table 2 and Figure 1).

Table 2
Average absorbance values and calculated % inhibition rates for Escherichia coli
(average of 3 independent experiments)

Film Type | Mean Absorbance | Calculated Inhibition Rate (%6)
Control 1.271 0
Ch+AKO 1.105 13
Ch+PKO 1.077 15
Ch+FSO 0.937 26
Ch+Triple 1.011 20
Ch 0.650 48

These unexpected results may have caused by the concentration of oils and density of
bacterial culture. Similar with E. coli, chitosan was the most effective agent alone reducing
bacterial growth by 92% (data not shown). While Ch+AKO reduced growth by 53%,
Ch+PKO, Ch+Triple and Ch+FSO had inhibition on bacterial growth with 46%, 45% and
25%, respectively obtained from only single experimental attempt (data not shown). We
preliminarily showed each oil with chitosan has relatively more bactericidal activity on B.
subtilis, a gram-positive species. It was complied with a study reported gram-positive bacteria
was more sensitive against certain essential oils rather than gram-negative bacteria (Erkmen
& Ozcan 2004). That was the reason why preliminary inhibition rates was high in Bacillus
subtilis.

100

80 -

1
.

20 - T -

% Bacterial Inhibiton

Ch Only Ch+AKO Ch+PKO Ch+FSO Ch+Triple

Figure 1. Relative inhibition rates on E. coli growth (Error bars represent SEM. #ns =
statictically non-significant)
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Contribution of Seed Oil Extracts to Protective Effects of Antimicrobial Chitosan
Films

Chitosan-included films are already used in antimicrobial packaging. Even though we
were not able to consistent results in culture conditions, we tested the usage and antimicrobial
potential of apricot kernel oil, plum kernel oil and fig seed oil in the chitosan film-related
application. For this purpose, we incorporated each oil extract alone or all of them
synergistically into thin chitosan films and various fresh and well-conditioned foods (such as
lemon, banana, bread and cheese) were packed. Slices with the similar size obtained from
only the same food were preferred for packaging in order to eliminate variability and
inequality such as genetic, morphological, biochemical and/or productional discrepancy. As
a control, some pieces were wrapped by only cling film to isolate food from aerial
environment. All of experimental groups and controls were kept in the same place and
conditions (dry, dark, room temperature) and visible changes were regularly observed for 9
days.

We could acquire the most appreciable and dramatic results for lemon slices and
afterward banana. At the end of the 9th day, control slice was completely decayed by
observable microorganismal propagation and physical changes such as browning,
dehydratation and so on (Figure 2 and Table 3). The slice wrapped by only chitosan film has
stayed more durable than the control as expected even there was a trace of degradation.
However, chitosan films with AKO, PKO and FSO, singly and in triplet could keep slices in
more unspoilt condition relative to chitosan film alone. Along with this, same results were
achieved for also banana slices. While control evolved into a bad manner, chitosan film could
protect the fruit and the slice clinged with Ch+Triple film was the piece in the best condition
(Table 3). However, we could not detect significant difference in the condition of bread and
cheese among Ch film and Ch films including oil extracts (data not shown).

Table 3
Food spoilage rates detected according to sensory parameters such as color, odor, hardness,
water loss, texture deterioration, and etc.
Deterioration level is relatively gradated between “+++++” (= most deterioration) and “+” (= least
deterioration)

Film Type | Degradation Rate of Lemon Slice | Degradation Rate of Banana Slice
Control +4+++ ++++

Ch +++ +++

Ch+AKO + ++

Ch+PKO ++ ++

Ch+FSO + +++

Ch+Triple + +
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Figure 2. Captured images of lemon samples covered by chitosan-based films 9 days after
packaging.
a: Ch, b: Ch+FSO,
c¢: Ch+AKO, d: Ch+PKO,
e: Ch+Triple, f: Control,
g: Status of the material in the beginning (Any post-image processing was not applied on
the raw images except cropping)
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Molecular Dynamics Simulation of Candidate Active Substance In Seed Oils and
Chitosan

Benzaldehyde is an aromatic aldehyde of plant metabolites as flavouring agent and one
of the mostly found active organic compound in apricot, plum (Vermaetal., 2017; Vyviurska
et al., 2017) and also in fig (Russo et al., 2017; Muji¢ et al., 2014). It has also been reported
that benzaldehyde is one of the constituent that gains antibacterial, antifungal and antioxidant
properties to the certain essential oil extracts including apricot kernel oil (Eissen et al., 2015;
Alamri et al., 2012; Geng et al., 2016). At this point we have speculated and thus examined
computationally whether benzaldehyde, a common ingredient in tested oils, could contribute
effects of chitosan by interacting in films anywise. In order to test this capability, we
performed Molecular Dynamics (MD) simulation.

The configuration of the benzaldehyde molecule on the chitosan polymer chain is
represented in Figure 3. It can be seen that hydrogen bonding build up between —NH2
functional groups of the chitosan and carbonyl group of the benzaldehyde molecule. It can
be expected that the interaction of the benzaldehyde molecules with the polymer chain have
the ability to increase the antimicrobial activity of the chitosan due to the introduction of
hydrophobicity to the polymer chain (Goy et al 2009). However, chitosan is an amphiphilic
polymer (Sahariah and Masson, 2017), certain studies demonstrated that the antibacterial
activity of the chitosan had improved with an increasing on the chain length of the alkyl
substituent (Rabea et al., 2003; Inta et al., 2014). In these studies, researchers found that the
activity could be attributed to the contribution of the hydrophaobic portions on the polymer.
Tamer et al. has also reported that two derivatives of chitosan prepared by 4-chloro
benzaldehyde and benzophenone structures had improved the antibacterial activity of the
polymer against both Gram-positive and Gram-negative strains (Tamer et al., 2016).
Additionally, it was shown that N-benzylidene chitosan, synthesized by chitosan-
benzaldehyde interaction, had better adsorption properties to metals and higher chemical
resistance than that of chitosan (Thien et al., 2017). N-acylated chitosan was also assessed to
be favorable for the interaction of polymer molecule and bacterial cell as a result of enriched
hydrophobicity in polymer (Kong et al., 2010; Hu et al., 2007). On the other hand, it was
investigated that antimicrobial activity of chitosan in lipid emulsions was higher than in
aqueous solutions (Jumaa et al., 2002). Hereby, we have proposed that benzaldehyde might
be one of the compound in the fig and other fruits which improves the chemical properties of
chitosan and that could possibly be one of the reasons of upgrading anti-spoilage properties
of films enriched with fig oil alone and in combination but not a significant bactericidal effect
in water-based culture conditions.

Figure 3. Hydrogen bond formation between benzaldehyde and —-HN2 groups of chitosan

—— Ukrainian Food Journal. 2021. Volume 10. Issue 2 297



—— Food Technology ——
Conclusion

Herein, apricot kernel oil, fig seed oil and plum kernel oil in order showed a fine anti-
spoilage activity by inhibiting the growth of saprophyte microorganisms such as bacteria and
mold on the food. Moreover cooperation of three oil extracts had a more and synergistic
protective effect contrary to deterioration of both fruits. With this study, we have
demonstrated the anti-spoilage effect and usage potential of fig seed oil singly and together
with other tested oils in the chitosan-based films for antimicrobial packaging, for the first
time. Hence, we have concluded that fig seed oil can contribute antimicrobial effect of
chitosan by alone and/or in combination with certain oils and thus it can be used as an
alternative natural additive in chitosan films to produce more effective antimicrobial
packages. However improvement of antimicrobial effect of chitosan films could be resulted
by benzaldehyde in oil extracts. In conclusion, addition of fig seed oil into food packages
may extend the shelf life of a food by keeping it fresh along days.
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Introduction. The aim of the study is to determine the
antioxidant capacity of non-traditional for restaurant technology
spicy-aromatic vegetable raw materials.

Materials and methods. Antioxidant capacity of spicy-
aromatic plant raw materials: Hyssopus officinalis L.,
Dracocephalum moldavica L., Agastache foeniculum L., Melissa
officinalis L., Ocimum basilicum L., Foeniculum vulgare Mill.,
Glebionis coronaria L., Satureja hortensis L. were determined by
redoxmetry and pH-metry of water-alcohol infusions; sensory
indicators — by expert method; the results of mathematical and
statistical processing — by the method of linear Pearson correlation.

Results and discussion. The hydrogen index for water-alcohol
infusions from spicy-aromatic raw materials has a value of 5.28
units pH (Hyssopus officinalis L.) to 6.69 units pH (Agastache
foeniculum L.). The minimum theoretical value of redox potential
(RP) for plant water-alcohol infusions, which varies from 258.6 mV
(Agastache foeniculum L.) to 343.2 mV (Hyssopus officinalis L.),
was obtained. The actual measured RP of infusions was established
— from 93 mV (Hyssopus officinalis L.) to 148 mV (Glebionis
coronaria L.). Water-alcohol infusions from plant raw materials and
a volume fraction of ethanol of 40% have a value of reduction
energy (RE) in the range from 120.6 mV (Agastache foeniculum L.)
to 250.2 mV (Hyssopus officinalis L.). Water-alcohol infusions
from spicy-aromatic raw materials have values of sensory
evaluation (S.e.) from 9.50 to 9.68 points. The greatest value of S.e.
— 9.68 points characteristic of Melissa officinalis L.: color — light
brown; taste — moderately burning, grassy; aroma — herbal, lemon.

The use of spicy-aromatic vegetable raw materials for
restaurant technology is promising. Studies have confirmed the
biological value of aromatic herbs for enriching tea and herbal
compositions, white and red basic sauces, compotes and improving
sensory evaluation.

Conclusion. The use of spicy-aromatic vegetable raw materials
from Hyssopus officinalis L. and Melissa officinalis L., which
received increased antioxidant characteristics RE — 250.2 mV and
RE — 184.6 mV, respectively, and positive sensory evaluation S.e.
—9.53and S.e. — 9.68 points.
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Introduction

Currently, the use of vegetable raw materials (Andreou et al., 2018; Belemets et al.,
2016; Chandrasekara, Shahidi, 2018; Fotakis et al., 2016; Halliwell, Gutteridge, 1990;
Hrabovska et al., 2015, 2018; lannitti, Palmieri, 2009; Kawa-Rygielska et al., 2019;
Kochubei-Lytvynenko et al., 2017) in restaurant business is very relevant (Gnytsevych et al.,
2018; Gubskyi et al., 2015; Deinychenko et al., 2020; lanchyk et al., 2016, 2018; Niemirich
et al., 2015-2017; Sylchuk et al., 2016, 2017).

Current demand for high-quality spicy-aromatic vegetable raw materials involves the
development of new technological methods for its preparation, with increased quality control,
environmental friendliness, higher energy efficiency, lower cost and safer operation (Dainelli
et al., 2008; Mujumdar, Law, 2010). These methods will allow to preserve biologically active
substances (Swasdisevi et al., 2009) — volatile aromatic substances, phenolic compounds,
reduce their losses (Ruan et al., 2021; Pavlyuk et al., 2018), increase organoleptic properties
(Mayor, Sereno, 2004).

These biologically active substances are very sensitive to the conditions of preparation,
especially to solvents — water (Tiilek et al., 2020), ethyl alcohol, water-alcohol mixture
(Kuzmin et al., 2020). Therefore, the conditions necessary for the efficient extraction of these
compounds are specific to each plant, and this is an important issue in the process of their
extraction (Tiilek et al., 2020). Despite some achievements, a number of issues remain related
to the preparation of spicy-aromatic plant raw materials (Priecina et al., 2018), which has
antioxidant capacity. These are rare plant crops in Ukraine that are unconventional for
restaurant technology (Kuzmin et al., 2020).

Spicily-aromatic vegetable raw materials contain different chemical substances that
display a broad spectrum of biological activities (Frolova et al., 2019; Gerolis et al., 2017,
Imark et al., 2000; Kamdem et al., 2013; Pyrzynska, Sentkowska, 2019; Sentkowska,
Pyrzynska, 2018; Siddiqui et al., 2018; Steenkamp et al., 2004; Wong et al., 2020).

They have gained growing interest among scientists and consumers due to their
antioxidant properties (Breiter et al., 2011; Dube et al., 2017. The ability of plant phenolics
to act as free radical scavengers has led to increased interest in their ability to act as
antioxidants (Herrera et al., 2018; Humia et al., 2020; Keating et al., 2014; Oh et al., 2013).
Antioxidants are able to reduce the output of oxidation products: hydroperoxides, alcohols,
aldehydes, ketones, fatty acids.

Spicy-aromatic raw material that exhibits antioxidant and tonic properties (Kurylo et al.,
2018; Vergun et al., 2018; Vergun et al., 2019). At present, the antioxidant characteristics of
all prescription components, food additives, biologically active substances and their
combinations have not been sufficiently studied (Buglass et al., 2012; Grunert et al., 2018;
Gullon et al., 2018; Gulua et al., 2018; Joubert, Beer, 2012).

These circumstances determine the relevance of this work, which is to develop water-
alcohol extracts of vegetable raw materials in the technology of restaurants. Creating
restaurant products with reduced toxicity through the introduction of spicy-aromatic
infusions with antioxidant properties, allows restaurant establishments to create new
products, which favorably differentiates them from competitors, creating a favorable image
of the institution, which cares for the protection of consumers.

The aim of the study is to determine the antioxidant capacity of non-traditional for
restaurant technology spicy-aromatic vegetable raw materials.

To achieve this goal, the following research objectives were set:

— To confirm the prospect of using non-traditional for restaurant technology spicy-

aromatic vegetable raw materials;
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— To establish the value of antioxidant capacity of spicy-aromatic vegetable raw
materials;

— To carry out the mathematical and statistical analysis of indicators of antioxidant
ability of spicy-aromatic vegetable raw materials and to establish internal correlation;

— To identify the richest sources of natural antioxidants due to spicy-aromatic plant raw
materials for use in restaurant technology;

— To investigate the compositions of spicy-aromatic vegetable raw materials for
restaurant technology.

Materials and methods
Materials

The study used plant raw materials that are allowed to be used in the production of
restaurant products. In the M.M. Gryshko National Botanic Garden of NAS of Ukraine was
created new cultures of spicy-aromatic plants, which became the subject of these studies
(Rakhmetov, 2011).

The studies used spicy aromatic vegetable raw materials: Hyssopus officinalis L.;
Dracocephalum moldavica L.; Agastache foeniculum L.; Melissa officinalis L.; Ocimum
basilicum L.; Foeniculum vulgare Mill.; Glebionis coronaria L.; Satureja hortensis L. For
preparation of extracts used the following basic raw materials: ethanol rectified, water,
cardboard filtering.

Description of research procedure

Drying of spicy-aromatic vegetable raw materials was carried out in natural conditions
for 6-8 days to constant humidity — not more than 14 %. Collected and inspected raw
materials were laid out on clean white paper, each type separately.

The first stage — the preparation of infusions. Plant raw materials were minced into a size
of 3x3 mm, suspensions of 4 g were placed into the glass bottles, were filled by 100 ml of
alcohol solvent with volume fraction of rectified ethyl alcohol 40 %. The resulting infusions
were cooled to 20 °C for 7 days, stirring periodically.

Next, the infusions were filtered and studies were performed to determine the indicators
of active acidity, which was measured on a pH meter in the mode of pH measurement with a
combined glass electrode. The RP was measured in the potential measurement mode with a
combined redoxmetric platinum electrode.

Description of methods

Expert method of sensory evaluation

The expert method of determination of values of indexes of quality is based on the
account of opinions of group highly skilled specialists-experts. (The expert of — it a specialist

on the certain type of object which owns the increased sensitiveness to properties of this
object) (Kuzmin et al., 2016).
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Methods for determining antioxidant capacity

RP is an important indicator of the biological activity of solutions (Kuzmin O. et al.,
2016; Merwe et al., 2017). It characterizes the deviation from the ionic balance of free
electrons in a liquid medium. Changing the concentration of free electrons leads to a change
in its electron charge and, accordingly, the RP. If the RP is positive, it indicates the oxidizing
ability of the solution, negative indicates recovery ability. The value of RP allows to estimate
the energy of processes, that is, characterizes the activity of ions in redox reactions (Bahir,
1999; Priluckij, 1997). Therefore, in order for the human body to optimally use in the
exchange processes water-alcohol solutions and food, the RP values must correspond to the
RP values of the internal environment of the organism, or have more negative values (Bahir,
1999).

To evaluate the antioxidant properties of the obtained water-alcoholic plant extracts, the
method (Priluckij, 1997), based on the difference of RP in inactivated inorganic solutions
and complex biochemical media. The main criteria of this method were its clarity, simplicity,
specificity, reproducibility of results and efficiency. A number of researchers also emphasize
that method allows to determine the total antioxidant activity of liquid products, including in
total in a complex mixture, and multifunctional antioxidants (Kuzmin et al., 2016).

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of the pH and the RP (Priluckij, 1997):

ENmin=660-60-pH, mV 1)

where Ehpin — the minimum theoretically expected value of the RP;
pH — active acidity of the test solution.

Acquired RP values were compared with actual measurements of Ehae solution. The
change of the RP toward the recovery energy (RE) was determined by the formula (Priluckij,
1997):

RE = Ehpmin—Ehae, mV (2)

where RE — the shift of RP to the side of recovered meanings (resilence);
Ehmin — minimal theoretically expected meaning of RP;
Ehae — actual measured RP.

Mathematical and statistical methods

Pearson correlation coefficient measures the strength of the linear association between
variables. Each variable should be continuous, random sample and approximately normally
distributed. There are many rules of thumb on how to interpret a correlation coefficient, but
all of them are domain specific. For example, here is correlation coefficient (Table 1)
interpretation for behavioral sciences offered by Hinkle et al., 2003.

The correlation coefficient can take a range of values from +1 to -1. Positive correlation
coefficient means that if one variable gets bigger, the other variable also gets bigger, so they
tend to move in the same direction. Negative correlation coefficient means that the variables
tend to move in the opposite directions: If one variable increases, the other variable decreases,
and vice-versa. When correlation coefficient is close to zero two variables have no linear
relationship (Hinkle et al., 2003; Shendrik et al., 2019).
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Table 1
Correlation coefficient interpretation

Absolute value of coefficient (r) Strength of correlation
0.90-1.00 Very high
0.70-0.90 High
0.50-0.70 Moderate
0.30-0.50 Low
0.00-0.30 Little, if any

Results and discussions
Sensory evaluation

The results of sensory evaluation (S.e., points) of the obtained infusions on the extractant
are presented in the Table 2 and Figures 1.

Table 2
Quality indicators of extracts on extractant

. ° Ehmin, Ehact, RE, S.e.,
Plant raw materials t,°C | pH iy iy mv | points

1. Hyssopus officinalis L. 20 | 5.28 | 343.2 93 250.2 | 9.53
2. Dracocephalum moldavica L. 19 |6.14| 2916 | 113 | 1786 | 9.57
3. Agastache foeniculum L. 18 | 6.69 | 258.6 | 138 | 120.6 | 9.65
4. Melissa officinalis L. 18 | 6.09 | 294.6 | 110 | 184.6 | 9.68
5. Ocimum basilicum L. 19 |6.22| 286.8 | 105 | 181.8 | 9.62
6. Foeniculum vulgare Mill. 18 | 6511|2694 | 115 | 1544 | 9.50
7. Glebionis coronaria L. 19 |6.38 | 277.2 | 148 | 129.2 | 9.51
8. Satureja hortensis L. 19 |6.03]298.2 | 108 | 190.2 | 9.63
9. Extractant — water-alcohol mixture 19 | 796 | 1824 | 180 2.4 9.57
min 18 | 5.28 | 258.6 93 120.6 | 9.50

max 20 | 6.69 | 343.2 | 148 | 250.2 | 9.68

where: t — temperature of infusion; pH — active acidity of the test solution;
Ehmin — minimal theoretically expected meaning of RP; Ehae: — actual measured RP;
RE — recovery energy; S.e. — sensory evaluation of extracts

Antioxidant capacity

Physicochemical studies, namely determination of the pH level and RP (Nicoli et al.,
2004; Prévost, Brillet-Viel, 2014), were performed according to the method (Priluckij, 1997)
and calculations given above (Kuzmin et al., 2016). As a result of extraction received
infusions (Andreou et al., 2018; Chandrasekara, Shahidi, 2018; Halliwell, Gutteridge, 1990;
lannitti, Palmieri, 2009; Kawa-Rygielska et al., 2019), physicochemical indicators (Breiter
et al., 2011; Dube et al., 2017) of which are presented in the Table 2.
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S.e., points

Figure 1. Sensory evaluation indicators of extracts on the extractant:
1 — Hyssopus officinalis L.; 2 — Dracocephalum moldavica L.; 3 — Agastache foeniculum L.;
4 — Melissa officinalis L.; 5 — Ocimum basilicum L.; 6 — Foeniculum vulgare Mill.;
7 — Glebionis coronaria L.; 8 — Satureja hortensis L.; 9 — Extractant — water-alcohol mixture

Figures 2-5 show graphically the change in the physicochemical indicators of the quality
of extracts of spicy-aromatic raw materials on the extractant.

8,5
8,0 1

Figure 2. Hydrogen index (pH) of infusions of the investigated raw material:
1 — Hyssopus officinalis L.; 2 — Dracocephalum moldavica L.; 3 — Agastache foeniculum L.;
4 — Melissa officinalis L.; 5 — Ocimum basilicum L.; 6 — Foeniculum vulgare Mill.;
7 — Glebionis coronaria L.; 8 — Satureja hortensis L.; 9 — Extractant — water-alcohol mixture

The minimum theoretical value of RP (Ehmin) for plant water-alcohol infusions (Priluckij,
1997) was obtained, which has a value from 258.6 mV (Agastache foeniculum L.) to 343.2
mV (Hyssopus officinalis L.). The actual measured RP of infusions (Ehac) was established —
from 93 mV (Agastache foeniculum L.) to 148 mV (Glebionis coronaria L.). The hydrogen
index for water-alcohol infusions from spicy-aromatic raw materials has a value of 5.28 units
pH (Hyssopus officinalis L.) to 6.69 units pH (Agastache foeniculum L.).
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Figure 3. The minimum theoretical value of RP (Ehmin) of infusions of the investigated raw
material:
1 — Hyssopus officinalis L.; 2 — Dracocephalum moldavica L.; 3 — Agastache foeniculum L.;
4 — Melissa officinalis L.; 5 — Ocimum basilicum L.; 6 — Foeniculum vulgare Mill.;
7 — Glebionis coronaria L.; 8 — Satureja hortensis L.; 9 — Extractant — water-alcohol mixture

Figure 4. The actual measured RP of infusions (Ehact) of infusions of the investigated raw
material:
1 — Hyssopus officinalis L.; 2 — Dracocephalum moldavica L.; 3 — Agastache foeniculum L.;
4 — Melissa officinalis L.; 5 — Ocimum basilicum L.; 6 — Foeniculum vulgare Mill.;
7 — Glebionis coronaria L.; 8 — Satureja hortensis L.; 9 — Extractant — water-alcohol mixture

Water-alcohol infusions from vegetable raw materials and a volume fraction of ethanol
of 40% have the value of regenerative capacity (recovery energy — RE) in the range from RE
—120.6 mV (Agastache foeniculum L.) to RE — 250.2 mV (Hyssopus officinalis L.). For the
restaurant business in the manufacture of beverages are promising water-alcohol infusions of
Hyssopus officinalis L. and Melissa officinalis L., which received increased antioxidant
characteristics RE — 250.2 mV and RE — 184.6 mV, respectively, and positive sensory
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evaluation (S.e.) — 9.53 and S.e. — 9.68 points.
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Figure 5. Recovery energy (RE) of infusions of the investigated raw material:
1 — Hyssopus officinalis L.; 2 — Dracocephalum moldavica L.; 3 — Agastache foeniculum L.; 4 —
Melissa officinalis L.; 5 — Ocimum basilicum L.; 6 — Foeniculum vulgare Mill.; 7 — Glebionis
coronaria L.; 8 — Satureja hortensis L.; 9 — Extractant — water-alcohol mixture

The prescription composition of alcoholic beverages may include water-alcohol
infusions.

Determination of Pearson’s linear correlation

According to the physicochemical and sensory evaluation, mathematical and statistical
analysis (Hinkle et al., 2003; Shendrik et al., 2019) was performed in the Pearson correlation

matrix (Table 3).

Table 3
Marked correlations (r) are significant at p<0,05; N=9

t pH ENmin Ehact RE S.e.
t 1.00 | -0.3 03 | -0.16 | 0.27 | -0.38
pH -0.33 | 1.0 -1.0 | 091 | -0.99 | 0.00
Ehmin | 0.33 | -1.0 1.0 | -091 | 099 | -0.00
Ehae | -0.16 | 0.9 -09 | 1.00 | -0.96 | -0.13
RE 027 | -1.0 1.0 | -0.96 | 1.00 | 0.05
S.e. -0.38 | 0.0 -0.0 | -0.13 | 0.05 | 1.00

where: t — temperature of infusion; pH — active acidity of the test solution;
Ehmin — minimal theoretically expected meaning of RP; Eha« — actual measured RP;
RE — recovery energy; S.e. —sensory evaluation

According to the obtained matrix 6*6, it was found that of the 6 indicators (t, pH, Ehpmin,
Enae, RE, S.e.), only 4 indicators are statistically significant. As a result of research it was
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found that physicochemical parameters (t, pH, Ehmin, Ehact, RE) are statistically insignificant
for sensory evaluation (S.e.), because the correlation coefficient is very weak (r 0.0-0.3) and
weak (r 0.3-0.5). Also, a weak (r 0.3-0.5) and very weak (r 0.0-0.3) relationship is observed
between temperature (t) and other physicochemical and sensory evaluation. The range of
values with very high correlation (r 0.9-1.0) includes the following indicators: pH, Ehmin,
Ehact, RE.

Figure 6 shows the graphical dependence of pH on Ehpin. It was found that the pH is in
the range of 5.28-7.96, and Ehpin — 182.4-343.2 mV. According to the obtained equation, at
a pH value of 6.00 Ehpi is 300 mV. When the pH value changes by 1 (pH 7.00), the Ehpin
decreases by 60 mV (Ehmin 240 mV). That is, the relationship between Ehmin and pH is very
high, because r=-1, because it is inversely correlated, which leads to an increase in pH to a
decrease in the level of Ehpin.

Scatterplot: pH vs. Eh;, (Casewise MD deletion)
Eh,,= 660.00 - 60.00*pH

Correlation: r=-1.0
360

340
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280
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Figure 6. Dependence of pH level on the RP (Ehmin)

Figures 7-11 show the graphical dependence of the pH level, Ehact, Ehmin, RE.

It was found that Eh, is in the range from 93 to 180 mV, and the pH is 5.28-7.96. At
the value of Ehat 111 mV, the pH level is 6.0. If you increase the pH to by one to 7.0 then
the value of Ehae Will be 145 mV, i.e. Ehae Will increase by 34 mV. This is due to the fact
that there is a very strong interdependence between the variables Eha and pH (r=0.9). As
the pH value increases, the Ehae index increases.

It was found that RE is in the range from 2.4 to 250.2 mV, and the pH is 5.28-7.96. When
the value of RE 190 mV, the pH level is 6.0. If you increase the pH by one to 7.0, the value
of RE will be 95 mV. Increasing the pH per unit from 6.0 to 7.0 leads to a decrease in RE by
94 mV. This is due to the fact that there is a very strong interdependence between the
variables RE and pH (r=-1.0). As the pH value increases, the RE decreases.

The general graph of the three most correlation-significant physicochemical parameters
is shown in Figure 12. In volumetric form, it is seen that some points (Ehas, RE, Ehmin) are
as close as possible to the surface, i.e. there is a very strong correlation between them. The
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farther the points are from the surface, the weaker the relationship.

Scatterplot: pH vs. Eh, (Casewise MD deletion)
Eh,e= -95.23 + 34.329%pH

Correlation: r = 0.9
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Figure 7. Dependence of pH level on the RP (Ehact)

Scatterplot: pH vs. RE (Casewise MD deletion)
RE, mV = 755.23 - 94.33*pH
Correlation: r=-1.0
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Figure 8. Dependence of pH level on reduction energy (RE)
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Scatterplot: Eh,;, vs. Eh, (Casewise MD deletion)
Eh,.= 282.39-0.5722*Eh,,

Correlation: r =-0.9
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Figure 9. Dependence of RP (Ehmin) on RP (Ehact)

Scatterplot: Eh,,;, vs. RE (Casewise MD deletion)
RE=-282.4+1.5722*Eh
Correlation: r =1.0
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Figure 10. Dependence of RP (Ehmin) on reduction energy (RE)
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Scatterplot: Eh, vs. RE (Casewise MD deletion)
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Figure 11. Dependence of RP (Ehact) on reduction energy (RE)
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Figure 12. Response surface of RP (Ehact) from reduction energy (RE) and RP (Ehmin)
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Based on mathematical and statistical analysis, it was found that physicochemical
parameters (pH, Ehmin, Ehae;, RE) are statistically insignificant for sensory evaluation (S.e.)
and infusion temperature (t). The range of values with very high correlation (r 0.9-1.0)
includes the following indicators: pH, Ehmin, Ehact, RE.

Sensory evaluation of tea-herbal compositions with the addition of spicy-aromatic
vegetable raw materials

The results of sensory evaluation of tea-herbal compositions are shown in table 4.

Table 4
Sensory evaluation of tea-herbal compositions
@
S 2 Sg s8] g8 | £
S — O [ o c = C y ©
Compositions g-g 2 -g 8 -g_ é g_ $ -g
<
Long black tea 5.0 5.0 4.9 4.8 |4.925
Melissa officinalis L. 5.0 5.0 5.0 4.9 4.975
Satureja hortensis L. 4.9 4.8 4.6 4.6 | 4.725
Agastache foeniculum L. 5.0 5.0 4.9 49 | 4.950
Melissa officinalis L. + Satureja hortensis L. 4.9 4.9 4.9 4.7 | 4.850
Melissa officinalis L. + Agastache 5.0 5.0 5.0 49 |4.975
Melissa officinalis L.+ Hyssc_>pus officinalis 50 50 4.9 46 | 4875
L.+ Dracocephalum moldavica L.
Melissa officinalis L.+Agastache foeniculum
L.+ Hyssopus officinalis L. + 5.0 5.0 4.7 4.9 | 4.900
Dracocephalum moldavica L.

The highest score was obtained by tea-herbal compositions based on Melissa officinalis
L. and a mixture of Melissa officinalis L.+Agastache foeniculum L. (1:1) — S.e. 4.975 points.
The prospects of creating tea-herbal compositions based on ready-made dried mixtures have
been confirmed by many authors (Alasalvar, Cam, 2019; Tiilek et al., 2020).

Sensory evaluation of white main sauce with the addition of spicy-aromatic
vegetable raw materials

Evaluation of spicy-aromatic plants in mixtures showed that unsurpassed in taste, aroma
and overall tasting evaluation of white main sauce based on meat broth with the addition of
spicy spices (bay leaf, black peas, ground black pepper) and experimental samples of plants
(broth) from beef + bay leaf + black pepper peas + ground black pepper + greens + Hyssopus
officinalis L. + Ocimum basilicum L. + Dracocephalum moldavica L.) (Table 5).

The undoubted advantage of non-traditional for restaurant spicy-aromatic vegetable raw
materials is its biological value. The presence in the composition of substances that have
antimicrobial, antioxidant, hepatoprotective properties, improve digestion when used daily
in small doses. They do not cause allergies, have a positive effect on the psychophysical state
of man. Studies have confirmed the value and availability of spicy-aromatic vegetable raw
materials to culinary dishes and can be successfully used instead of the traditional set of
spices or supplement them.
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Table 5
Sensory evaluation of white main sauce
8 i
cU - -
Compositions gé § é 5 é 7 é “’é
P 222858 |fg| o8
Q.
<
White sauce (main) on beef broth (control) 50 | 5.0 | 4.8 46 | 4.850

White sauce + bay leaf + black pepper peas +

ground black pepper + greens 50 |50 48 50 4.950

White sauce + Hyssopus officinalis L. 46 | 46 | 4.2 4.1 | 4.375
White sauce + Ocimum basilicum L. 49 | 5.0 | 46 46 | 4.775
White sauce + Dracocephalum moldavica L. 50 | 48 | 43 4.3 | 4.600

White sauce + Hyssopus officinalis L.+ Ocimum
basilicum L. + Dracocephalum moldavica L. 50 | 50 | 43 48 | 4775

White sauce + bay leaf + black pepper peas +
ground black pepper + greens + Hyssopus

officinalis L.+ Ocimum basilicum L. + 5.0 5.0 5.0 5.0 ©.000
Dracocephalum moldavica L.

Sensory evaluation of red main sauce with the addition of spicy-aromatic vegetable
raw materials

The addition of spicy-aromatic vegetable raw materials to the red main sauce
significantly enriched it and increased the tasting score (Table 6).

Table 6
Sensory evaluation of red main sauce

Compositions

Appearance,
points
Aroma,
points
Color,
points
Taste,
points

Sauce red (main) on beef broth (control) 4.2 5.0 4.0 4.550

Sauce red + Ocimum basilicum L. 5.0 5.0 5.0 5.000

Sauce red + Agastache foeniculum L. 5.0 5.0 4.8 4.950

Sauce red + Hyssopus officinalis L. 5.0 5.0 4.2 4.800

Sauce red + Satureja hortensis L. 5.0 5.0 4.7 4,925

Sauce red + Dracocephalum moldavica L. 5.0 5.0 4.5 4.875

gonyonon oo o
o|o|o|o|o|o|o

Sauce red + Glebionis coronaria L. 5.0 5.0 4.7 4,925

For the production of red main sauce used a hybrid of tomatoes «Maximato F1», which
have an increased dry matter content — 5.2%; total sugar — 3.0%; vitamin C content — 20.9
mg/100 g; total acidity — 0.51 %, which significantly exceeds other tomato hybrids.

To enrich the aroma and taste of the red main sauce, it is recommended to add spicy-
aromatic herbs, especially Ocimum basilicum L. S.e. — 5,000 points.

314 —— Ukrainian Food Journal. 2021. Volume 10. Issue 2



—— Food Technology ——

Sensory evaluation of compotes with addition of spicy-aromatic vegetable raw
materials

Traditionally, the healing drink in Ukraine is dried fruit compote. The aroma and taste
of compotes were improved by adding spicy-aromatic vegetable raw materials (Table 7).

Table 7
Sensory evaluation of dried fruit compotes
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Dried fruit compote (control) 5.0 50 | 5.0 | 5.0 | 5.000
Dried fruit compote + Hyssopus officinalis L. 50 | 49 | 5.0 | 49 | 4.950

Dried fruit compote + Dracocephalum moldavica

L 48 | 50 | 49 | 4.925

Dried fruit compote + Agastache foeniculum L. 5.000
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o
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Dried fruit compote + Melissa officinalis L. 49 | 50 | 49 | 4950

Dried fruit compote + herbal mixture (Hyssopus
officinalis L., Dracocephalum moldavica L.,
Agastache foeniculum L., Melissa officinalis L.) 5.0 48 | 50 | 48 | 4.900

The samples with the addition of spicy-aromatic herbs in aroma, color and taste were at
the level of control (compote made from dried apples), slightly lower scores on aroma and
taste can be considered insignificant compared to the fact that herbs significantly enriched
the biochemical composition of the product. The specimen with the addition of Agastache
foeniculum L. (S.e. — 5,000 point), which was better than the control, was especially
distinguished.

The data obtained are correlated with the basic scientific concepts which are displayed
in the works (Buglass et al., 2012; Frolova, Ukrayinets, 2018; Frolova, Korablova, 2016;
Gerolis et al., 2017; Grunert et al., 2018; Gullén et al., 2018; Gulua et al., 2018; Imark et al.,
2000; Joubert, Beer, 2012; Kamdem et al., 2013; Naithani et al., 2006; Naumenko et al.,
2015, 2017; Pyrzynska, Sentkowska, 2019; Ruiz-Ruiz et al., 2020; Sentkowska, Pyrzynska,
2018; Siddiqui et al., 2018; Silka et al., 2016; Steenkamp et al., 2004; Wong et al., 2020),
regarding the processes of extracting of plant materials.

Improving restaurant technology (Andreou et al., 2018; Chandrasekara, Shahidi, 2018;
Fotakis et al., 2016; Halliwell, Gutteridge, 1990; lannitti, Palmieri, 2009; Kawa-Rygielska
etal., 2019; Kurylo et al. , 2018; Vergun et al., 2018; Vergun et al., 2019) due to the addition
of spicy-aromatic raw materials. It allows to increase the antioxidant properties of the
product (Breiter et al., 2011; Dube et al., 2017; Herrera et al., 2018; Humia et al., 2020;
Keating et al., 2014; Kurylo et al., 2018; Oh et al., 2013; Vergun et al., 2018; Vergun et al.,
2019), will help to increase the immunity of the human body, improve the metabolism,
positively affect the cardiovascular system, in addition it increases the consumer properties
and will allow to reduce the cost of the finished product (Kumar et al., 2018; Peschel et al.,
2006; Tan et al., 2020; Wang et al., 2019).
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Conclusions

1. The expediency of using non-traditional for restaurant technology spicy-aromatic
vegetable raw materials in the creation of tea-herbal compositions, sauces of white
and red main, compotes, in order to increase the biological value and improve sensory
characteristics.

2. Experimental studies show that all aqueous-alcoholic extracts of aromatic origin
contain antioxidant systems. It was found that the recovery value of all the tested
extracts is positive and ranges from (RE) 120.6 (Agastache foeniculum L.) to 250.2
mV (Hyssopus officinalis L.).

3. Based on mathematical and statistical analysis, it was found that the infusion
temperature (t) has a statistically insignificant effect on physicochemical parameters
(pH, Ehmin, Ehae, RE), which have a statistically insignificant effect on sensory
evaluation (S.e.). The range of values with very high correlation (r=0.9-1.0) includes
the following indicators: pH, Ehmin, Ehact, RE.

4. Improvement of restaurant technology by adding spicy-aromatic raw materials allows
to increase the redox properties of the product, increases consumer properties and
reduces the cost of the finished product.

5.  Compositions of spicy-aromatic vegetable raw materials for restaurant technology in
the production of tea-herbal compositions, white and red main sauces, compotes of
high biological value and improved sensory characteristics have been studied.
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Introduction. The expediency of protopectin enzymatic
hydrolysis of vegetable raw materials as a functional-technological
semi-finished product for ice cream production is proved.

Materials and methods. Rheological characteristics of
fermented and unfermented vegetable purées, as well as milk-
vegetable mixtures were studied. The efficiency of enzymolysis was
determined by the calcium pectate method, the effective viscosity —
by rotational viscosimetry, and the active acidity -
potentiometrically.

Results and discussion. The purpose of the work is to study the
influence of the degree of protopectin enzymatic hydrolysis of
vegetable purées of different types on their structuring ability in the
composition of ice cream.

The advantage of protopectin enzymatic hydrolysis in
vegetable purées, compared with acid hydrolysis, is to increase the
yield of soluble pectin by 8-12% at lower energy consumption.
Parameters of the process of protopectin enzymolysis by the degree
of protopectin hydrolysis (not less than 90%): for different types of
vegetable raw materials with a pectin content of 0.22 to 2.56% were
optimized. For carrots and beets, the need for the enzyme is highest
(0.1-0.2%) with a prolonged duration of the fermentation process
(from 120-180 minutes to 240 minutes). For zucchini, broccoli and
tomatoes, the duration of process is reduced to 60-120 minutes while
reducing the dose of the enzyme — up to 0.05-0.10%. At the
prolongation of the enzymolysis process due to excessive hydrolysis
of pectin substances, the effective viscosity of vegetable purees
decreases somewhat. The thixotropic capacity of these systems is
also reduced. Partial loss of functional and technological properties
of vegetable raw materials due to excessive hydrolysis of pectin
substances has a negative impact on the rheological characteristics
of milk-vegerable mixtures for the ice cream production. Vegetable
raw materials increase the effective viscosity of milk-vegetable
mixtures for ice cream production under the recommended
fermentation conditions, which can be explained by the formation
of structuring complexes between polysaccharides and milk
proteins.

Conclusions. Protopectin of enzymatic hydrolysis is more
efficient than acid hydrolysis and depends on the physicochemical
characteristics of vegetables. Fermented vegetable purées are
structuring systems and show thixotropy in the composition of
mixtures for the production of ice cream.
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Introduction

In dispersed food systems, pectins as protective colloids have a stabilizing and
emulsifying ability, form a creamy consistency, increase whipping and control syneresis
(Voragen et al., 2009), which is important for the formation of ice cream quality indicators.
Highly purified pectin preparations are usually used in ice cream. At the same time,
significant theoretical and practical interest is pectin-containing raw materials, the
technological properties of which are activated by hydrolytic conversion of protopectin to
the active state (Polishchuk et al., 2013). Exactly soluble pectin that has the ability to form
gels in an acidic environment and in the presence of sugar (Ivashhenko, 2015). This property
confirms the feasibility of using pectin to form and stabilize the structure of ice cream with
fruits, berries, and vegetables.

Pectin-containing vegetable raw materials have not yet been widely used in
technologies of different types of ice cream, due to the specific organoleptic properties of
certain types of vegetable raw materials and its relatively low structural ability, which
depends on the conditions of pre-processing (Torres and Canet, 2001; Pavlyuk et al., 2018;
Syed et al., 2018; Hassan and Barakat, 2018).

Activation of pectin-containing raw materials by increasing the content of soluble pectin
as a product of protopectin hydrolysis increases its ability to bind water and structure food
systems. Thus, the content of soluble pectin in fruit and vegetable purees can reach 1.5-2.0%
(Yovbak et al., 2013; Miiller-Maatsch et al., 2016).

But traditional methods of acid and alkaline activation of pectin-containing fruit and
vegetable raw materials are energy-intensive and characterized by too harsh processing
conditions, which leads to a partial loss of its structural ability (Canteri et al., 2012;
Deynychenko et al., 2016).

Instead, the hydrolytic action of pectolytic enzymes, which is aimed at the connection
of protopectin with cellulose and hemicellulose, allows to more effectively carry out its
transition to soluble form with maximum preservation of native properties (Zapata A. D et
al., 2017). The kinetics and dynamics of the enzymolysis process can be easily regulated
(Abbes et al., 2011), which is also a significant advantage of this method of destruction of
protopectin.

Pectinase is effectively used to increase juice yield and improve filtration during juice
extraction, as well as to clarify juices and wine materials. The enzyme preparation also allows
to obtain fruit purees and jellies (Zapata A. D. et al., 2009; Habibrahmanova et al., 2018). At
the same time, protopectin enzymolysis should be carried out only to a technologically
appropriate level, which requires additional research.

The main way to inactivate enzyme preparations is high temperature. But the thermal
effect on fermented vegetable raw materials should be short-lived for maximum preservation
of thermally unstable biologically active compounds (vitamin C, B vitamins, etc.) (Gonzalez
and Rosso, 2011). Vegetables that are promising for ice cream production have different pulp
strength, different content, and properties of pectin substances (Voragen et al., 2009), which
requires further detailed study in each case.

Thus, the possible study of enzymatic processing of vegetable raw materials of different
types in order to purposefully influence its structuring ability in the composition of ice cream
is an urgent scientific task.

The purpose of the work is to study the effect of protopectin enzymatic hydrolysis in
vegetable purées on their structuring ability in ice cream.

The following research tasks were formed:

—  Choose the most promising types of vegetable raw materials for ice cream production;
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—  To conduct a comparative analysis of the acid and enzymatic hydrolysis effectiveness
of vegetable raw materials by the degree of protopectin destruction;

—  To establish the optimal modes of protopectin enzymatic hydrolysis in vegetable raw
materials;

— To investigate the influence of the hydrolysis degree of the protopectin on the
structuring ability of vegetable purees and milk-vegetable mixtures for ice cream
production.

Materials and methods
Materials

The most promising and little-studied vegetables for use in ice cream were selected for
the research: table beets, zucchini, broccoli and tomatoes. Carrots were studied as a
traditional vegetable for ice cream production with a maximum content of pectin (Hassan
and Barakat, 2018).

It was selected the most affordable and relatively cheap varieties of vegetables grown
in Ukraine: table beets "Delicatessen"”, broccoli "Jaguar", carrots "Queen of Autumn",
tomatoes "Asterix F1", zucchini "Cavili".

As a hydrolyzing preparation enzyme Pectolad (SE "Enzyme", Ukraine) with a
pectolytic activity of at least 30 units/g. Pectolad belongs to pectinases. The preparation
contains a complex of pectolytic enzymes (endo-al,4-polygaclacturonase, exo-al,4-
polygalacturonase) and catalyzes the hydrolysis of internal 1-4-linked a-D-galacturonoside
bonds in the main chain of polygalacturonates and pectin substrates with low degree of
esterification. The enzyme preparation is obtained by targeted deep fermentation of the strain
Aspergillus foetidus. The recommended dosage of pectolad, depending on the type of raw
material and technological process, is on average 50-100 g¢/100 liters. The operating
temperature range of the enzyme at an acidity of pH 2.0-5.2 is 25-55 °C.

Methods

Quantitative pectin content was determined by calcium pectate method (Podkorytova
and Kadnikova, 2009).

The viscosity characteristics of fermented and unfermented vegetable purées and milk-
vegetables blends were determined on a rotary viscometer with a measuring system cylinder-
cylinder by removing the curves of deformation kinetics (flow). The measurements were
performed at a temperature of 20 °C. Shear stress measurements t (Pa) were performed at
twelve values of the shear rate gradient D in the range from 3 to 1312.2 s at forward and
reverse (Bass O et al., 2017).

The active acidity was measured potentiometrically (Tomovska et al., 2016).

Optimization of the process of vegetable protopectin enzymatic hydrolysis was
performed using the mathematical package MathCad 15 ( Breus et al., 2019; Dayong et al.,
2020). The regression equations were obtained in order to identify the optimal modes of
fermentation of vegetable purées of different species to ensure protopectin hydrolysis at least
90% of its total amount.
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Organization of the study

To obtain homogeneous purée, vegetables were washed, cleaned, cut into pieces
measuring 20x20 mm, blanched until soft for no longer than 5 minutes, ground at a
temperature of 50-55 °C to a homogeneous mass using a homogenizer with cutting knives at
a speed of 1000 minutes -1 for 3 minutes to a particle size not larger than 1-2 mm.

Ice cream mixtures were pasteurized (85+2 °C, 3 min), homogenized (12+1 MPa),
cooled, vegetable puree was added, mixed and incubated (4+2 °C, 2 h). The mixtures were
heated to 20 °C before measuring the effective viscosity. The content of vegetable purée was
35%, sugar — 15%, fat — 3.5%, dry skimmed milk residue — 10%.

At the first stage of the study to compare the effectiveness of different methods of
destruction of protopectin in vegetable purées studied the yield of soluble pectin in the case
of acid and enzymatic hydrolysis.

Acid hydrolysis was performed at the average values of the recommended modes —
temperature 90 °C, duration 45 min, active acidity pH = 2.0 (Canteri et al., 2012). Citric acid
was used to regulate the acidity of vegetable purées.

Fermentolysis of vegetable purées was carried out at the average values of the
technological modes recommended by the manufacturers: mass fraction of enzyme — 0.1%,
temperature 40 °C, processing time — 2 h, active acidity — 4.0 units. pH. After fermentation,
the pectinase was inactivated by heating the samples to 90 °C without exposure. The
redistribution of pectin substances was studied in samples cooled to a temperature of 20 °C.
The content of pectin substances (PS), protopectin (PP) and soluble pectin (SP) was
determined in fresh and processed vegetable purée.

At the second stage of the study to optimize the process of protopectin enzymolysis of
different vegetables to the prepared samples of purée with a given acidity pH = 4.0 was added
enzyme in an amount of from 0.05 to 0.25% in increments of 0.05% — from 60 to 240 minutes.
Soluble pectin content and effective viscosity of vegetable purée samples were determined.

At the third stage, the effect of soluble pectin content in vegetable purées on their
structuring ability, including in the composition of mixtures for ice cream production, was
studied.

Results and discussion

Comparative analysis of the different methods' effectiveness of protopectin
destruction in vegetable purées

The most promising and lesser known vegetables for use in ice cream were selected for
the study: table beets, zucchini, broccoli and tomatoes. Carrots were studied as a traditional
vegetable for ice cream production with a maximum content of pectin. The average chemical
composition of vegetables in descending order of pectin content is given in Table 1 (Golub
et al., 2013; Velichko et al., 2018; Machulkina et al., 2014; Sagar et al., 2018).

According to Table 1, it should be noted that the mass fraction of pectin in selected
vegetables varies from 0.03-0.23% to 1.57-2.93%, depending on the variety. Also, these
vegetables are very strong pulp, and can perform various functions in the composition of ice
cream, including coloring this product due to the content of B-carotene, anthocyanins,
chlorophyll.
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Table 1
Chemical composition of vegetables
Kind of Contents of
vegetables | water, % dry |ash,% | organic pectin proteins, | vitamin
matter, acids, % | substances, % % C,
% mg%
Table 86-8.8 13-14 0.6 0.2 1.57-2.93 1.0-2.2 5
carrot
Table 86.0-87.0 18.6 1.35 0.08 1.15-15 15 17.92
beet
Zucchini 93.0-96.0 | 4.6-4.8| 0.49 |0.05-0.1 1.0-14 0.4-0.6 17
Broccoli 88.68-91.46 [10.5-13.1/0.76-0.8| 0.8 0.76-0.87 2.74 89.2
Tomatoes 88.0-92.0 | 4.0-6.0 |5.6-5.8| 0.3-0.7 0.03-0.23 0.6-1.6 | 20-40

Available and relatively cheap varieties of vegetables grown in Ukraine were selected
for the study: table beets "Delicatessen”, broccoli "Jaguar", table carrots "Queen of Autumn",
tomatoes "Asterix F1", zucchini "Cavili".

The nature of the change in the content of PS, PP and SP in vegetable purees under
stable conditions of the hydrolysis process is given in Table 2.

According to Table 2, for all vegetables, the increase in the content of PS was
accompanied by a decrease in the content of PP. The maximum yield of SP, compared with
its content in fresh purees, was observed in the case of enzymolysis — 5.0-5.3 times for beet
and carrot, 5.6-5.9 times for zucchini and broccoli and 6.7 times for tomatoes. This figure
was slightly lower in the case of acid hydrolysis with an increase in SP yield — 4.6-4.8 times
for beets and carrots, 5-5.4 times for zucchini and broccoli and 6 times for tomatoes. Thus,
the largest changes in the SP content were found for vegetables with low pulp strength
(zucchini, broccoli, tomatoes), and slightly smaller — for vegetables with a stronger structure
(carrots and beets). This is probably due to the fact that stronger fibers of carrots and beets,
even in a mechanically destroyed state, partially shielded the access of hydrolytic agents to
protopectin. It should also be noted that the total amount of pectin after hydrolysis is slightly
reduced, which indicates the formation of intermediate products of their destruction.

The role of pre-blanching of vegetables was quite noticeable, during which the content
of soluble pectin increased on average three times, which correlates with the data on
blanching of pectin-containing fruits (Levi et al., 2006). This confirms the need for pre-
thermal softening of vegetables not only to facilitate their grinding into homogeneous purees,
but also to ensure the gradual and more efficient hydrolysis of protopectin.The advantage of
enzymatic hydrolysis over acid hydrolysis of pectin substances is obvious not only at higher
SP yield, but also due to lower heat consumption (40 °C vs 90 °C). Enzymolysis occurs at a
relatively moderate acidity of vegetable purees (pH = 4.0), which is more acceptable for the
production of ice cream than acid hydrolysis at pH = 2.0-2.5. Thus, enzymatic hydrolysis
allows to increase the yield of soluble pectin by an average of —12% at lower energy
consumption, maximum preservation of biologically active compounds of vegetable raw
materials, better organoleptic and physico-chemical characteristics of vegetable purees for
further use in ice cream.

The advantages of using enzymatic hydrolysis over acid hydrolysis were also noted by
Liew S.Q. etc. according to the results of comparative analysis of both methods on the
example of passion fruit peel processing (Liew et al., 2016).
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Table 2

Distribution of pectin substances in vegetable purees (P>0,95, n=3)

Model samples Mass fraction of pectin substances,
0/100 g
PS | PP | sP
Table carrot
Fresh puree 0,41+£0,01 | 2,15+0,09 | 2,56+0,11
Puree after blanching 1,25+0,04 | 1,30+0,04 | 2,55+0,10
Puree after blanching and acid hydrolysis | 1,98+0,05 | 0,55+0,02 | 2,53+0,09
Puree after blanching and enzymolysis 2,17+0,07 | 0,36+0,01 | 2,53+0,09
Table beet
Fresh puree 0,21+0,01 1,02+0,05 | 1,23+0,04
Puree after blanching 0,61+0,02 | 0,62+0,02 | 1,23+0,03
Puree after blanching and acid hydrolysis | 0,96+0,03 | 0,26+0,01 | 1,224+0,02
Puree after blanching and enzymolysis 1,06+0,06 | 0,16+£0,01 | 1,22+0,01
Zucchini
Fresh puree 0,20+0,01 | 0,98+0,02 | 1,18+0,03
Puree after blanching 0,62+0,03 | 0,55+0,02 | 1,17+0,04
Puree after blanching and acid hydrolysis | 1,00+0,03 | 0,17+0,01 | 1,17+0,02
Puree after blanching and enzymolysis 1,12+0,04 | 0,05+0,002 | 1,17+-,02
Broccoli
Fresh puree 0,14+0,01 | 0,73+0,03 | 0,87+0,02
Puree after blanching 0, 450,02 | 0,41+£0,02 | 0,86+0,02
Puree after blanching and acid hydrolysis | 0,76+0,02 | 0,09+0,01 | 0,85+-0,03
Puree after blanching and enzymolysis 0,82+0,03 | 0,03+0,01 | 0,85+0,02
Tomatoes
Fresh puree 0,03+0,001 | 0,19+£0,01 | 0,22+0,01
Puree after blanching 0,10+0,005 | 0,11+£0,01 | 0,21+0,01
Puree after blanching and acid hydrolysis | 0,18+0,01 | 0,03+0,002 | 0,21+0,01
Puree after blanching and enzymolysis 0,20+0,01 | 0,01+0,001 | 0,21+0,01

Determination of optimal parameters of protopectin enzymatic hydrolysis process
in vegetable purées

To determine the efficiency of enzymatic hydrolysis of vegetable protopectin by
variable parameters of this process, regression equations were obtained in the form of
multidimensional polynomials of the second degree. The equations describe the dependence
of soluble pectin content (%) on the amount of enzyme preparation (0.05-0.25%) and the
duration of biotechnological treatment (60-240 min) of vegetable purées obtained from the
blanched pulp.

In coded form, the regression equations have the following form:
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Z1(x,y) == 0.60534 + 8.77724x — 24.90331x> + 0.01508y — 0.00004y> — 0.01172xy

72(x.y) = 0.44088 + 1.89409x — 4.06224x" + 0.00648y — 0.00002y° — 0.00354xy
73(x.y) = 0.44165 + 2.82174x — 7.32555x° + 0.00779y — 0.00002y" — 0.0094xy
Z4(x.y) = 0.49817 + 2.06334x — 5.35853x° + 0.00681y — 0.00002y° — 0.00783xy

75(x.y) = 0.10596 + 0.1903x — 0.82497x" + 0.0014y — 0.0000049y> — 0.00127xy

where: Z1, 72, Z3, Z4, and Z5 — a mass fraction of soluble pectin in mashed carrots,
beets, zucchini, broccoli, and tomatoes, %;X is the mass fraction of the enzyme, %; Y is the
duration of enzymolysis, min
The accuracy of the approximation is 8Z =+0.01%.

To ensure the degree of protopectin hydrolysis not less than 90%, the optimal
parameters for vegetable purees with a pectin content of 0.22 to 2.56% are as follows:

— for carrots and beets with an enzyme content of 0.1-0.15%, the duration of enzymolysis

— 180-240 minutes, with a content of 0.2% — 120-180 minutes;

— for zucchini, broccoli and tomatoes for doses of the enzyme — up to 0.05-0.10%, the
duration of enzymolysis is 60—120 minutes.

The results of the study show a significant difference between the optimal parameters
of the fermentation process for two groups of vegetables, which differ in the content of
protopectin and the strength of plant cell walls (Gonzalez and Barrett, 2010; Sagar et al.,
2018). Therefore, it can be argued that the physicochemical characteristics of the selected
vegetable raw materials significantly affect the technologically appropriate parameters of
the pectin substances fermentation process.

For all vegetables it should be noted that in excess of the optimal dose of the enzyme
and the duration of enzymolysis, there is a slight decrease in the content of SP. This is
probably due to the partial depolymerization of pectin compounds, which are not identified
by the calcium pectate method (Podkorytova and Kadnikova, 2009). Partial destruction of
pectin compounds can lead to deterioration of their structural ability, which must be
experimentally verified.

Structuring ability study of the vegetables purées of different degrees of processing

At the next stage of the study on the example of carrot purée, which contains the most
pectin, determined the effective viscosity:
— Fresh purée (control);
— Purée fermented at a content of 0.1% enzyme for 180 minutes (sample 1);
— Purée fermented at a content of 0.25% of the enzyme for 240 min (sample 2).

The effective viscosity of the practically intact structure (1)) at the shear rate y=3s in
the direct course of measurement, the effective viscosity of the extremely destroyed structure
(mm) at the shear rate y=1312,2s and the effective viscosity of the reduced structure (1)) at
the speed y=3 s shear at the reverse of the measurement is shown in Figure 1.
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Figure 1. Effective viscosity of fresh and fermented vegetable purée samples at
different stages of measurement using a rotary viscometer

Figure 1 confirms the previous assumption regarding the possible reduction of the
structural ability of vegetable puree in the case of excessive hydrolysis of pectin substances.
It is also interesting that the protopectin hydrolysis under optimal modes of this process even
slightly reduces the initial effective viscosity of carrot puree (311.2 mPa-s vs 303.4 mPa-s),
but significantly increases its thixotropic capacity. The difference between the values of the
effective viscosity of the samples fermented under rational regimes (sample 1) and their
excess (sample 2) was 104,7 mPa-s with a decrease in the shear rate to y=3 s in the reverse
course of the measurement.

According to the authors, the ticotropic ability of pectin-containing raw materials in ice
cream mixes that is extremely important. Too much thickening of mixtures in ice cream
technology is undesirable, as their foaming ability may be reduced (Milliatti and Lannes, 2018).

Initial viscosity is not the main rheological characteristic of mixtures, as their ability to
rapidly destroy the structure during freezing of mixtures and to quickly recover over time
under static portions of soft ice cream portions after molding before hardening is more
significant.

Therefore, in the last stage of the experiment, the effective viscosity of vegetable ice
cream mixtures with the content of unfermented and fermented under optimal modes of carrot
puree in the amount of 35% was investigated. The effective viscosity of mixtures with
vegetable puree, in comparison with the control mixture without vegetables, is shown in
Figure 2.
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Figure 2. Effective viscosity of milk mixtures with a variable shear rate gradient:
a — control; b — milk-vegetable mixture with unfermented vegetable purée; ¢ — milk-vegetable
mixture with fermented vegetable purée

The results of the last stage of the study confirmed the increased thixotropic capacity of
pectin-containing fermented raw materials compared to unfermented in the composition of
milk mixtures .

Also, important is the ability of the mixture with fermented purée to a significant and
relatively rapid destruction of the structure over time, with its subsequent recovery by
reducing the destructive force. Aeration of low-viscosity ice cream mixes is greatly facilitated
during freezing.

It is known that excessive thickening of ice cream mixes is undesirable, as it may
reduce their foaming ability (Milliatti and Lannes, 2018). The positive effect of the presence of
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pectic substances in milk formulas is also obvious, which allows to obtain structured systems
within the recommended limits of effective viscosity (Liew et al., 2016; Akalin et al., 2008).

It should be noted the increase in time during which the shear rate y = 1312 s*
obtained the lowest viscosity of the extremely destroyed structure for a mixture with
fermented vegetable purée, compared with the sample with unfermented purée and the
control sample. The observed effect indicates the presence of more low-energy coagulation-
type bonds and surface contacts between the particles of enzymatically treated plant material.

A fundamentally new result of the study is the significant influence of fermented
vegetable purée on the rheological characteristics of milk-vegetable mixtures. The high
content of soluble pectin and the formation of complexes "protein-polysaccharide” mixtures
with fermented purée show high structuring ability and thixotropic properties. Spontaneous
restoration of the structure of milk-vegetable mixtures by reducing the shear rate will increase
the stabilization of the structure of the formed portions of ice cream in static conditions.

The prospect of further research is to study the degree of preservation in vegetable
hydrolyzed purees of biologically valuable compounds (vitamins, pigments, phenolic
compounds, etc.) and the development of scientifically sound recipes for vegetable and milk
ice cream.

Conclusions

1. Enzymatic hydrolysis of protopectin in vegetable purees with a pectin content of 0.22
to 2.56% is more efficient than acid hydrolysis and allows to increase the yield of
soluble pectin by 8-12% at lower energy consumption.

2. Toensure the hydrolysis of at least 90% of protopectin, it is necessary to use from 0.05
to 0.2% of the enzyme preparation for 60—120 minutes to 240 minutes, depending on
the type of vegetable and the strength of its tissues.

3. The use of fermented vegetable purées in milk formulas allows obtaining structured
systems with the recommended values of effective viscosity and pronounced thixotropic
ability.

4. Excessive enzymolysis reduces the structuring ability of vegetable purees, which
negatively affects the rheological characteristics of milk-vegetable mixtures for ice
cream production.
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Introduction. The present research evaluated the effect of
grape skin powder extract addition on functional and
physicochemical properties of marshmallow.

Materials and methods. To asses the effect of grape skin on
marshmallow quality, alcoholic grape skin extracts (GSE) were
prepared and introduced in different amounts in marshmallow
recipes. The functional properties of zephyrs were estimated by
determining the total polyphenol content and antioxidant activity.
The microbiological stability of the product was assessed by using
agar meat broth. Molds proliferation and morphology of cells from
single colonies was studied under microscope.

Results and discussion. The effects of grape skin extract
(GSE) on marshmallow quality were evaluated. The marshmallow
physicochemical properties in terms moisture and sugar content
were affected by GSE incorporation. A directly proportional
relationship was observed between the addition of GSE and the
moisture content of the marshmallow samples, registering an
increase from 15.02 to 15.58% for the samples with 1% and 3% GSE
respectively. The sugar content varied in the limits of 14.05-
14.21%, being higher for the samples with an increased amount h
GSE. Total phenolic content of GSE and marshmallow samples with
added GSE was determined as 27.39, 5.11 (1% GSE marshmallow),
6.46 (2% GSE marshmallow) and 7.89 (3% GSE marshmallow)
mg/g gallic acid (GAE), respectively. Hydrogen peroxide inhibition
capacity and DPPH radical scavenging of marshmallows had
increased in proportion to rising GSE level. Antioxidant activity of
marshmallows containing 3% GSE was found to be higher (35.72%)
than others. The addition of GSE significantly affected the
marshmallows color parameters, as the amount of grape skin
increased, a more intense purple coloration was observed. The
marshmallow containing 2% GSE was most appreciated in terms of
sensorial properties. The GSE addition had inhibitory effects on
mold population during storage, a higher degree of mold growth
reduction (p < 0.05) being observed in the sample with 3% GSE after
7 days of storage.

Conclusions. The addition of grape skin extract in
marshmallow formulation increased the biological value in terms of
antioxidant activity and total phenol content, and the consumers’
acceptancy.
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Introduction

It is known that the main wine making by-product is represented by grape pomace, that
constitutes about 15/20% of the total grape weight (around 7 million tons) (Oiv-Statistical-
Report-on-World-Vitiviniculture-2018.Pdf, n.d.). The nutritional quality of grape pomace
appears rich in sugars, vitamins, minerals, polyphenols and other macromolecules which are
of high interest for the food industry (Bordiga et al., 2019). Due to the rich nutritional
compositions and beneficial effects of grape skin on human health demonstrated by numerous
researches (Abarghuei et al., 2010; lora et al., 2015), the interest for the development of new
foods based on its use as cookies, various fillings for pastries, drinks, etc. has increased (Acun
et al., 2014). Numerous researches have been carried out related to the capitalization of these
industrial wastes, including as animal feed, additions in flour mixes for pastry products,
ingredients for candy production, sources of biologically active substances with antioxidant
potential, etc. (Cappa et al., 2015; Otero-Pareja et al., 2015). The positive effect of grape skin
flour on total fibre and ash contents in yogurts and other fermented analogs has been
demonstrated (dos Santos et al., 2017). Use of grape skin powder in functional cookies
increased their that protein and fiber content and showed higher antioxidant potency, higher
total phenol and hiaher retention of hardness during storage (Theadaraian et al., 2019).

The research carried out particularly emphasizes the content of polyphenols in arape
skins and their antioxidant capacity. Depending on the grape variety, the total polyphenol
content varies within > 20 mg GAE/q of arape skin dry matter for white grapes and >70 mg
GAE/q of arape skin dry matter for red arapes (Cvietko Bubalo et al., 2016: Katalini¢ et al.,
2010), flavonols, catechins and anthocyanins beina the main phenolic compounds detected
(Antoniolli et al., 2015; Caldas et al., 2018). Sun and others have investigated the antioxidant
effects of these compounds, and their antitumor and antimetastatic role in preventing breast
cancer (Sun et al., 2012), and Jarivapamornkoon and colab. showed the positive effect of red
grape skin extract on protein glycation (Jariyapamornkoon et al., 2013).

Often to give color and to extend the products shelf life, especially sweet products,
manufacturers use dyes and antioxidants of synthetic origin such as carmuazine and
tartrazine, etc. which are more intense and stable during products storage (Caleja et al., 2017).
However taking into account current trends in the food industry, the need of this researches
results from the FAO/WHO strategy of substituting synthetic substances (additives, texture
agents, etc.) with natural bioactive components, which is a way to increase food safety and
quality, a benchmark in optimized nutrition (McGuire, 2013; Taghvaei et al., 2015) and of
diminishing the food waste level (Gustavsson et al., 2011).

Withal, the replacement of synthetic substances with natural ones resulting from the
vines processing is a strategic problem, because, unlike synthetic ones, natural substances
have fragile molecules, sensitive to food matrix, storage conditions, etc. However, the
antiradical and microbiostatic activity of grape skin extracts, rich in polyphenols, is a
promising source of alternative solutions for their use in order to replace certain synthetic
food preservatives (Katalinic et al., 2010; Shin et al., 2010).

However, as far as is known, the grape variety, food matrix, ingredients and investigated
quality parameters in each study are different from those presented in the current study. In
the present study the marshmallow prototype was chosen as the food matrix. Marshmallow
is a sweet product preferred by all categories of the population, but especially children have
always preferred them (Ungure et al., 2013). Due to the fact that many researchers have
demonstrated the positive effects of incorporating grape skin into various food products, but
less in marshmallows, hence the purpose of the present research is to evaluate the effect of
grape skin powder extract addition on functional and physicochemical properties of
marshmallow.
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Materials and method
Materials and chemicals

A standard recipe of marshmallow was used. The ingredients for the marshmallow
production were as (Yurchenko et al., 2020): egg whites, agar-agar, sugar, citric acid and
grape skin powder.

Grape skin extracts

In order to obtain grape skin extract (GSE), pomace resulting from the production of
Merlot wine was used. The grape pomace was initially dried at 5042 °C until its moisture
content reached 5% value. The pomace was then blown to separate the skin from the seeds.
The skin of the grapes was minced and hydroalcoholic extracts (50% EtOH, 1:10) were
prepared.

Marshmallow production

The marshmallow was prepared using agar-agar, egg whites, sugar, apple puree and
water (Yurchenko et al., 2020), with the addition of grape skin hydroalcoholic extract (1.0%
and 2.0%, 3.0% of total weight).

The technological process of preparing marshmallows begins with the preparation of
apple puree, which involves peeling apples, cutting them into pieces and boiling them with a
little water, over a moderate heat until the consistency of the apple pieces is soft. The apple
pieces are minced with the a blender and an amount of 30% of sugar is then added. The
mixture is put on a moderate heat and mixed until the sugar crystals are completely dissolved.

The apple puree, GSE and the egg whites are placed in the bowl of the mixer and the
mixture is foamed starting from the low speed to the higher speed of the mixer. The mixture
is foamed until the hard peaks are obtained.

Separately the sugar syrup with agar is prepared: the agar is mixed with water and sugar
and put on the fire, stirring constantly until boiling. From the moment of boiling, the syrup
is kept on the fire for another 5 minutes until the thin thread syrup is obtained. The syrup then
is added to the mixture of egg white and apple puree while the mixer continues to foam the
composition. The mixture is beaten until a shiny and firm composition is obtained. Using a
pastry bag, the marshmallows are shaped and then allowed to dry for 3-6 hours.

Grape skin powder and marshmallow properties

Moisture content

The moisture content of grape skin powder and marshmallow samples was determined
by oven drying, according to the AOAC, 2005; method 930.15 (Horwitz, 2005).

Sugar content

The reducing sugars concentration of marshmallows was analyzed by Benedict’s,
Bertrand’s and Fehling standard procedures (Kumar et al., 2014).

—— Ukrainian Food Journal. 2021. Volume 10. Issue 2 335



—— Food Technology ——

Titratable acidity (TA)

The TA was determined by titration to pH 8.1 with 0.1 M NaOH. Phenolphthalein
(0.1%) was used as an indicator (Mutlu et al., 2018).

Total Polyphenol content (TPC)

The total polyphenol content in grape skin powder and marshmallow samples was
determined by Folin Ciocalteu method described by Makkar et al. (2003) (Makkar, 2003).

Antioxidant activity (AA)

1,1-Diphenyl-2-picryl-hydrazyl (DPPH) solutions were prepared in methanol. The sample
solutions (Grape skin and marshmallow hydroalcoholic extracts 100 pL) at varying
concentrations (0.1-10 mg/mL) was added to a 0.1 mM methanolic solution of DPPH (3.9 ml)
and shaken vigorously. The reaction tubes, in triplicates, were kept in dark, at 30 C for 30 min.
Spectrophotometric measurements were done at 517 nm using Hach Lange DR 5000
spectrophotometer. The data are mean+SD (Sharma et al., 2009).

Hydrogen peroxide scavenging activity assay

Hydrogen peroxide inhibition capacity of the GSE and marshmallow samples was
determined by replacement titration. Aliquot of 1 ml of sample and 1 ml of hydrogen peroxide
solution (0.1 mM) were mixed. Then 2 drops of ammonium molybdate (3%) solution were
added, followed by.10 ml of sulfuric acid (2M) and 7 ml of potassium iodide (1.8M). The
obtained solution was left to interact for 20 minutes, then titrated with sodium thiosulphate
(5.09 mM) until the yellow color disappeared. In parallel, the control sample (without extract)
was analysed. The thiosulphate volume expended for titration were record (V1-for sample
with GSE, and VO — for control sample). Percentage of hydrogen peroxide inhibition was
calculated as (Nagulendran et al., 2007):

(Vo - Vi)

% H,O,Inhibition = 7 % 100
O><

M)

Color parameters assessment

In the food science and technology color is traditionally represented using the CIE 1976
L*a*b* or CIELAB color space (Goiii et al., 2017). The influence of the addition of GSE on
the chromatic parameters of the marshmallow was evaluated with using the tristimulus
CielLab colorimeter. For each sample, individual color parameters L *, a * and b * were
quantified.

Color changes was measured as the modulus of the distance vector between the initial
color values and the actual color coordinates. This concept is called total color difference
(AE). The total color difference indicates the magnitude of the color difference between the
control samples and those investigated (Ly et al., 2020).

Microbiological analysis

For each sample, marshmallows were analyzed after 1, 3 and 7 days of storage at
6+2 °C. Appropriate dilutions were made and pour-plated onto selective media. In order to
determine the microbiological stability of the product, determinations were performed on
agar meat broth for molds proliferation. Each sample was inoculated in triplicate. The
selectivity of the growth conditions was confirmed by morphology of cells from single
colonies under microscope (Jung et al., 2016).
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Sensory evaluation

In order to perform the organoleptic test, marshmallows were prepared one day in
advance. Twelve panelists (aged 24 to 69 years old), participated in this study and appreciated
the quality of marshmallows based on the 9-point hedonic scale from "dislike extremely” to
"like extremely". For the present research, first was discussed the main quality characteristics
of marshmallow. The marshmallow samples were investigated for appearance, texture, taste,
flavor, color and overall acceptance (Cano- Lamadrid et al., 2018).

Statistical analysis

All experiments were carried out in triplicate. The results are given as mean standard
deviation (SD). Student’s t-test was used for comparison between two means. A difference
was considered statistically significant when p < 0.05.

Results and disscution
Physico-chemical parameters

Marshmallow samples showed different values of the studied parameters depending on
the added GSE concentration.

The following physico-chemical indices were investigated in the experimental samples:
moisture content, reducing sugars content and total titratable acidity. The obtained results are
illustrated in table 1.

The obtained results (Table 1) indicate that with an increase in the mass fraction of
grape skin extract, the moisture content of marshmallows increases as well from 15.05% for
the control sample to 15.68% for the sample with 3% GSE addition. This increase in moisture
can be explained by the increase, in the same time, of reducing sugars (glucose, fructose) and
dietary fibers amount that lead to the increase of marshmallow water binding capacity (Ergun
etal., 2010).

Table 1
Physico-chemical characteristic of the marshmallow
Sample Moisture,% | Reducing sugar,% | Titratable acidity,
mEq/l
Control sample 15.02+0.19 14.05+0.24 7.63+0.11
Marshmallow — 1% GSE | 15.21+0.21 14.11£0.16 7.80+0.09
Marshmallow — 2% GSE | 15.45+0.15 14.1540.18 7.82+0.13
Marshmallow — 3% GSE | 15.68+0.23 14.21£0.22 8.01+0.08

The fact that the titratable acidity of marshmallow samples increases from 7.63 to 8.01
with increasing GSE concentration is confirmed by the presence of three major acids in grape
skin (Le Moigne et al., 2008). The presence of organic acids from natural plant extracts has
been associated with the possibility of extending the shelf life of sugar confections like fruit
paste, jelly candy and others (Anand et al., 2013).
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Total Polyphenol content and Antioxidant activity

In the context of today’s nutrition tendency, when people opt for healthier products with
a high biological value (Cucinotta, 2018) it is proposed to determine the total polyphenol
content and antioxidant effect of obtained marshmallow with added GSE using the value of
the ability to inhibit hydrogen peroxide and the DPPH assay.

The values obtained are indicated in figure 1.
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Figure 1. Influence of the total polyphenol content on the antioxidant activity of marshmallow
samples

The total content of polyphenols in grape skin powder is 27.39+0.41 GAE/g DM, data
which are similar to those in the literature, which ranges between 22.2+9.95 mg GAE/g and
45.0£26.3 mg GAE/g depending on grape variety, number of extractions and used solvent
(Katalini¢ et al.,, 2010; Negro et al., 2003). The incorporation of grape skin in the
marshmallow formulation has the effect of increasing the polyphenol content in the
investigated samples from 2.11+£0.29 mg GAE / g DM for the control sample to 7.89+0.23
mg GAE / g DM for the marshmallow sample with 3% GSE. The same effect of the addition
of grape skin on food matrices has been demonstrated in the case of its use in formulations
of candies (Cappa et al., 2015; Mutlu et al., 2018), sausages (Ryu et al., 2014), cookies (Acun
et al., 2014), etc. In the case of the mentioned products, the positive effect on the total
polyphenol content was higher due to the incorporation of GS in the form of powder and not
of extract.

In the present study, tests were also performed with the direct use of grape skin powder,
but these samples did not have a uniform color distribution, their surface being with purple
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dots, and the consistency was also negatively affected, respectively they have were rejected
from a sensory point of view.

The antiradical activity of plants is largely due to polyphenols (Pulido et al., 2000).
From the data presented in figure 1 it can be seen that the amount of polyphenols increases
with increasing GSE concentration in the marshmallow samples. At the same time, the
amount of polyphenols is directly proportional to the antioxidant activity of the products.

It is known that grape skin has an enormous antioxidant potential (Dordoni et al., 2019).
As presented in figure 1, marshmallow samples with added GSE showed hydrogen peroxide
inhibition activity. Many common and life threatening human diseases have free radical
reactions as an underlying mechanism of injury. Hydrogen peroxide can cross cell
membranes rapidly and form hydroxyl radical and this may be the origin of many toxic
effects (Rani et al., 2015). The inhibition of H,O, by marshmallow samples with added GSE
may at least partly result from its antioxidant and free radical scavenging activity. The H,0»
inhibition level of marshmallow with 3% GSE rose to 7.35% comparing to 1.51% for control
sample.

DPPH is another free radical which is reduced in the presence of an antioxidant
molecule. Based on results presented in figure 1, we can say that as a rule the addition of
ethanol grape extract to marshmallow showed higher antioxidant activity values than the
control sample. Based on the DPPH assay, the radical scavenging activity of the
marshmallow samples with added GSE were 28.65+0.21% for the sample with 1% GSE,
32.48+0.19% and 35.72+0.14% for the sample with 2% and 3% GSE respectively comparing
to 10.98% for the control sample. It worths mentioning that the DPPH radical scavenging
activity of the GSE was 89.71%. Rockenbach et al., 2011 mentioned values of 16,925 —
3640 pmol Trolox equivalents /100 g for the DPPH assay for different grape varieties
(Rockenbach et al., 2011).

Color parameters
Results concerning the color analysis showed that as a result of the different rates grape
skin addition, significant difference was noticed between L*, a* and b* values. Data on the

color parameters values (L, a, b) of marshmallow are shown in Table 2.

Table 2
Color parameters values of marshmallow with added grape skin extract

Sample Control Marshmallow Marshmallow Marshmallow
Parame sample — 1% GSE - 2% GSE - 3% GSE
L* 97.56+1.12 91.00+0.83 81.27+0.41 77.13£0.65
ax 1.21+0.04 4.32+0.11 10.44+0.13 11.5240.21
b* -1.34+0.03 -4.27+0.09 -9.31+0.23 -10.37+0.17
AE - 7.83+0.17 20.35+0.09 24.60+0.11
C* - 6.07+0.06 13.99+0.13 15.50+0.09
H (®) - -0.78+0.01 -0.73+0.01 -0.73+0.01

As the amount of grape skin
marshmallow samples was observed.

increased, a more intense purple coloration of the
The control sample was white, with L* value 97, and

tends to decrease by L*=77 for the 3% GSE sample, this can be explained that at pH higher
than 5, brightness slightly decreases, indicating that other colored forms are being formed
(Chi et al., 2020). On one hand the red — green parameter (a*) also shows an increasing
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tendency, towards a redder shade. This is due to the anthocyanins present in the grape skin,
whose color varies in shades of red — blue (Khoo et al., 2017). The same is demonstrated by
the decrease of the b*value (blue-yellow), the addition of grape skin giving the products a
slightly purple shade. The GSE addition had an influence and on AE of marshmallow
samples, a directly proportional relationship was observed between the increase in GSE
addition and the AE increase. The (C*) — chroma parameter shows the color saturation of the
marshmallow samples, i.e. indicates the intensity of the purple color relative to white
(Milla'n, 2002). The marshmallows with 3% GSE had a more saturated color. The hue angle
(H), is expressed in the scale 00 -3600, considered the qualitative attribute of the color, is the
attribute according to which the colors have been traditionally defined as reddish, greenish,
etc., and is used to define the difference of a certain color with reference to gray with the
same lightness. As for GSE marshmallows’ hue angle, the addition of GSE did not
significantly influence the parameter values which ranged from -0.78 to -0.73°.

Microbiological stability

The microbial cells present in the samples to be analyzed on solidified nutrient media formed
visible colonies. The total number of mold colonies are shown in figure 2.
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Figure 2. Effect of storage time and grape skin extract addition on microbiological stability of
marshmallow.
% GSE:
1-0;2-1;3-2;4-3.

Addition of grape skin extract to marshmallow had inhibitory effects on mould
population during storage, a higher degree of mould growth (p < 0.05) being observed in the
control samples (2.1-10? colonies/g) as compared to the sample with 3% added grape skin
extract (0.66-102/g) i.e. 0.5 log reduction in growth in the sample with 3% GPE after 7 days
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of storage. The bacteriostatic effect is due to the polyphenols present in the grape skin. The
bacteriostatic effect of phenolic compounds has also been demonstrated for Ocimum
basilicum Leaves Extracts (Ababutain, 2019), cocoa powder (Pina-Pérez et al., 2017, p.),
green tea (Zhang et al., 2020), red raspberry (Nikitina et al., 2007), etc. Concerning grape
phenols, their showed an antibacterial effect even at at 1 and 2.5% concentrations (Furiga et
al., 2009; Ozkan et al., 2004). Several studies explained the phenols antibacterial activity by
the modification of cell membranes permeability (Cushnie et al., 2011), the modification of
some intracellular functions induced by hydrogen binding of the phenolic compounds to
enzymes (Taguri et al., 2006) or by the modification of the cell wall rigidity with integrity
losses due to different interactions between phenols and cell membrane (Negi, 2012).

Length of storage time, showed a concomitant increase in mould population. Seven days
storage of control samples increased mould contamination to 0.23 log (Figure 2), indicating
an essential effect of storage time on mould growth. The increase of GPE addition to
marshmallow formulation showed also a visible effect on mould growth reduction. The main
detected mold especies were Aspirgillus versicolor and Penicillium islandicum. The
microbiostatic effects of grape skin are also confirmed by previous studies (Hassan et al.,
2019).

Sensory evaluation

Sensory analysis was performed to evaluate the sensory profile of the marshmallow
with added grape skin powder extract. The effect of grape skin addition on marshmallow
formulation was studied, and 5 quality attributes were evaluated.

Mean scores for liking of color, appearance, flavor (grape notes), taste, texture
attributes, and overall liking of samples are presented in Table 3.

Table 3
Mean scores for marshmallow color, appearance, flavor, taste, texture, and overall liking
Sample Marshmallow — Marshmallow — Marshmallow —
Parameter 1% GSE 2% GSE 3% GSE
Color 8.2+0.23 9.2+0.24 7.3+0.32
Appearance 7.9+0.31 9.5+0.36 7.1£0.29
Taste 8.1+0.27 8.9+0.45 8.7+0.37
Flavor 7.7+£0.26 8.9+0.46 8.1+£0.28
Texture 8.4+0.28 8.4+0.27 8.3+0.41
Overall 8.06£0.27 8.9840.41 7.940.69
acceptability

Parameters that were most influenced by the addition of grape skin were color and
flavor. Due to the anthocyanin content of the grape skin, the marshmallow samples acquired
a shade of purple, which in the case of using 3% of GSE was too intense, similar to synthetic
dyes, for this reason the panelists gave this parameter 7.3 points. In terms of flavor, color and
appearance, the most optimal amount of GSE addition would be 2%, in this case the products
had a pleasant color and slightly perceived notes of grape flavor. In general, all the tested
marshmallow samples obtained scores above 7.0, on a nine-point hedonic scale, and can be
considered as acceptable.
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Conclusion

—  The development of marshmallow with grape skin extract is a good strategy to promote
the valorization of an industrial waste that has high biological value.

—  The formulation of marshmallow with 3% grape skin extract addition led to the best
results in terms of total phenol content, antioxidant capacity, color, texture and general
acceptability.

—  The fortification with GSE increased the total phenol content and antioxidant activity.

—  Theaddition of grape skin extract also achieved other advantages: the reduction of mold
growth during the storage and the delivery of beneficial compounds for human health,
promoting in the same time the efficient use of a plant material used to be considered
an industrial waste.

Funding. The research was funded by State Project 20.80009.5107.10,
nr. PS-62 “Personalized nutrition and intelligent technologies for my
well-being”, running at Technical University of Moldova.
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Introduction. The purpose of the work was to
determine the optimal time of residence of the liquid on the
plates, the grade of extraction and concentration ratio of
volatile impurities of alcohol and the specific consumption
of heating steam in rectification columns of cyclic action.

Materials and methods. The studies were carried out
in a rectification column, equipped with flaky plates with a
variable free cross-section. Concentration of alcohol
volatile impurities was determined by chromatographic
method, the grade of their extraction and concentration ratio
— by calculation method, other indicators — by commonly
known methods.

Results and discussion. The maximum extraction of
volatile impurities was being achieved in a rectification
column, equipped with flaky plates containing turnaround
sections connected to drive mechanisms, the action of
which is occurred according to a given algorithm. The
optimal parameters of operating the column were: vapor
velocity in the orifices of the flakes during the period of
liquid retention on the plates 12-14 m/s; during liquid
pouring 1-1.5 m/s; time of residence of the liquid on the
plates 40 s, pouring time 1.7 s; pressure in the lower part of
the column 12 kPa; the concentration of ethyl alcohol in the
still residue 3-4% vol. In order to provide the cycles, the
free sectional area of the plates must change
instantaneously from 5.5 to 51.7%. This technical solution
allows to provide complete disposal of ethers, methyl
acetate and isopropyl alcohol, to increase the grade of
extraction of higher alcohols of fusel alcohol and methanol
by 38%, the concentration ratio of aldehydes by 25%,
higher alcohols by 38%, methanol by 37%, and to reduce
specific consumption of heating steam by 40% compared to
a typical column operating in stationary mode.

Conclusion. The innovative technology of cyclic
rectification allows to increase the grade of extraction and
the concentration ratio of volatile impurities of alcohol by
25-38% and reduce energy consumption by 40% compared
with the known ones.
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Introduction

Technical progress in the alcohol industry is inextricably linked to the development and
implementation of highly efficient column apparatuses (Shyian et al., 2009; Kyziun et al.,
2006) and energy-saving ways of mass transfer between the liquid and steam on their plates
(Martseniuk et al., 2019). One of the ways of solving the mass transfer process problem is
the use of cyclic mode of phase motion, which is based on alternate change of two periods:
the steam passing up the column period and the period of liquid pouring on its plates (Maleta,
et al., 2011; Kiss et al., 2012). Implementation of controlled cycles of liquid retention on the
plates allows to prolong the time of its contact with steam, to create conditions in order to
achieve a phase state close to equilibrium and to bring the efficiency of each real plate closer
to the theoretical one (Buliy et al., 2019). This significantly reduces the specific consumption
of heating steam, decreases the volume of alcohol-containing waste and minimizes the cost
of equipment (Kiss, 2015).

There are well-known ways of increasing the residence time of liquid on the plates by
organizing the flow of separate steam-liquid jets with their mutual collision (Patrut et al.,
2014) or additional installation of baffles and reflectors, directing the steam through the
appropriate bypass pipelines, etc. (Krivosheev et al., 2015). Despite the obtained positive
results in reducing energy costs, the known methods and apparatuses of cyclic operation have
not found wide practical application due to the lack of mass exchange in the steam period
(Lita et al., 2012), the steam pressure dependence of pouring devices’ operation (Toftegard
et al., 2016), the fluctuations of the steam pressure in the collector, the inability to stabilize
the hydrodynamic mode of plates (Flodman et al., 2012), the mixing of liquid on adjacent
plates during its pouring, the low apparatuses’ steam and liquid throughput capacity, and the
complexity of constructive solutions (Bastian et al., 2018).

The authors proposed an innovative rectification technology, which excludes earlier
mentioned disadvantages (Buliy et al., 2016) and provides periodic liquid pouring from one
plate to another at continuous supply of liquid and heating steam into the column (Ukrainets
et al., 2018). To implement the technology, the design of a rectification column equipped
with plates with variable free cross-section was developed (Bulii et al., 2019). For stable
operation of plates in the column hydrodynamic regimes were maintained, providing
effective mass transfer between liquid and steam without entrainment of liquid on upper
plates during the fluid retention period and its intensive pouring through pouring and
barbotage holes after the end of the retention time.

The aim of the work was to study the efficiency of mass-exchange between liquid and
steam in column apparatuses of cyclic action: to determine the grade of extraction and the
concentration ratio of volatile impurities of alcohol during its extraction from alcohol-
containing fractions and to identify the specific rate of heating steam in the studied
rectification column.

Research objectives:

1. To determine the grade of extraction and the concentration ratio of alcohol impurity
concentrations under conditions of typical and cyclic rectification (in columns equipped
with moving valves and turning plate sections);

2. To determine the optimal technological parameters of the studied column and the
residence time of the liquid on its plates, by which the maximum extraction of volatile
impurities is provided without reducing the liquid throughput of the column;

3. Todetermine the specific rate of heating steam in a rectification column of cyclic action.
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Materials and methods
Research objects
Rectification columns of cyclic action with moving valves (RC)

The RC is made of stainless steel AISI 304, equipped with flaky plates of arched type.
Technical characteristics: diameter — 426 mm; number of plates — 30; distance between the
plates — 300 mm; the cross-sectional area of flakes’ holes — 19,42 mm?; thickness of the plate
fabric — 2 mm; free cross-section of the plate: 5,5% — during the residence of the liquid on
the plates — 5,5%; during the liquid pouring — 51,7%.

A fragment of the RC with movable rods, valves and hydraulic shutters is shown in
Figure 1a (patent UA 116565. Rectification column with controlled cycles). The operation
of the column provided the conducting of the adjustable in time cycles of liquid residence on
the plates and its synchronous pouring from one plate to another 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 supply (patent UA 89874.
Method of liquid pouring on plates of column apparatus in the process of mass transfer
between steam and liquid). The interval of liquid retention was being determined
experimentally depending on the grade of extraction of volatile alcohol impurities and their
concentration ratio.

The experimental RC was included in the scheme of the bragorectificational plant
(BRP). The column contained corps 1, plates 2 with contact elements 3, movable rods 4 and
5, on which valves 6 and springs 7 were mounted. The rods moved up and down under the
action of drive mechanisms (double-acting pneumatic cylinders of DNT type manufactured
by FESTO). At that, valves 6 closed and opened the holes of pouring pipes 8 alternately. The
operation of pneumatic cylinders was managed in accordance with the M340 controller
program of ‘Schneider Electric’ company. Pipes 8 were inserted into sleeves 9 and together
with them served as water traps, which prevented steam breakthrough through all the holes
during liquid pouring.

Figure 1b shows an experimental RC with movable rods and valves without hydraulic
shutters (patent UA 139228. Column mass-exchange apparatus of cyclic action). The
technical solution allowed one-stage (full) and two-stage methods of liquid pouring on plates
(Figure 2). The one-step method involved pouring all the liquid from one plate to another
(Figure 2a). According to the two-stage method (patent UA 141245. Method of pouring the
liquid on the plates of mass-exchange column apparatus) part of the liquid had been pouring
from the upper plate to the lower one (30-70% of its volume), and after a specified delay
time, its remnants were poured (Figure 2b).

Plant for ethyl alcohol extraction from alcohol-containing fractions

The scheme of the implementation of the studied RC into the BRP one is shown in
Figure 3.

The plant included the experimental column 6, the upper and lower parts of which are
connected to the vacuum breakers 4, evaporator 5, dephlegmator 7, condenser 8, alcohol-
collecting vessel (trap) 9, softened water collector 1, intermediate collectors of still residue
15 and alcoholic fractions 18, flow-meters 3, 11, 12 and 13, centrifugal pumps 2, 16, 17 and
decantator 10.
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Figure 1. Fragments of the studied RC with movable valves:
with hydraulic shutters (a) and without hydraulic shutters (b):
1 — body; 2 — plates; 3 — contact devices; 4, 5 — rods; 6 — valves;

7 —springs; 8 — pouring pipes; 9 — sleeve.
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Figure 2. One-stage and two-stage methods of liquid pouring on the plates
of the cyclic action RC:
1 —body; 2 — plate; 3 — valve; 4 — contact element; 5 — moving rod.
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Figure 3. The technological equipment scheme of the cyclic action column
1 — softened water container; 2, 16, 17 — centrifugal pumps; 3, 11, 12, 13 — flow-meters;

4 —vacuum breakers; 5 — evaporator; 6 — rectificational column; 7 — dephlegmator; 8 — condenser;
9 — alcohol-collecting vessel (trap); 10 — decanter; 14 — hydraulic shutter; 15 — still residue container;
18 — alcohol-containing fraction collector.

Notation keys: AMC — aldehyde-methanol concentrate; DC — distillation column;

EC — epyurating column; IC — impurities concentrate; DCC — distillation column condenser; CDSC —
carbon dioxide separator condenser; SR — still residue; CW — cooling water; FA — fusel alcohol;
FEAC - fusel-ester-aldehyde concentrate; SC — steam condensate; FRW — fusel rinse water; HS —
heating steam; HF — head fraction; FL — feed liquid; RW — residue water.
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The 950 mm diameter RC was equipped with flaky plates with pivoting sections
connected to the pneumatic cylinders and modern computer-integrated means (patent UA
136561. Mass-exchange contact plate) (Figure 4).
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Figure 4. Flaky plate of cyclic action with coaxial placement of flakes and variable free cross-
section:
1 — plate fabric; 2 — moving section; 3 — drive mechanism (pneumatic cylinder); 4 — flakes.

The moving sections opened and closed the pouring holes of the plates so that the liquid
pouring occurred periodically. The coaxial placement of the flakes made it possible to
eliminate the ‘one-way’ steam and liquid flow and the chance of forming stagnant zones.
Pneumatic cylinders and technological parameters operation control (i. e. temperature,
pressure) was carried out with the help of automatic sensors, the signal from which was
transmitted to the microprocessor controller.

The head fraction of ethyl alcohol, steam condensate from the condensers of the
distillation column and carbon dioxide separator, as well as fusel alcohol and fusel rinse water
were served on the feeder plate of the column in total amount of 688.3 dm3h (250 dm?/h in
terms of anhydrous alcohol (a.a.). The aldehyde-methanol concentrate from the condenser
and the fusel-ester-aldehyde concentrate from the upper part of the decanter were sorted to
the impurity concentrate collector.
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Research methods

Liquid consumption. The consumption of alcohol-containing fractions, water for
hydroselection, the still residue and rectified alcohol was monitored using PM flow-meters
(YYarovenko et al., 1981).

Concentration of ethyl alcohol in water-alcohol solutions. The concentration of ethyl
alcohol in the still residue of the RC was determined by areometric method (Polygalina,
1999).

Concentration of volatile alcohol impurities. The concentration of volatile impurities
in the head fraction, in the condensate steam from the condensers of the distillation column
and carbon dioxide separator, in fusel alcohol, in fusel rinse water and in the feed of the
column were implemented on a gas chromatograph with an HP FFAP 50 m x 0.32 m column
(Plutowska et al., 2008; Polyakov, 2007). Three-time repetition samples were taken for
chromatographic analysis. The mean values were chosen as the determining ones.

Grade of extraction and concentration ratio of volatile alcohol impurities. The
grade of extraction («) and concentration ratio (5) of key organic alcohol impurities were
calculated as follows:

Xsr Xfp
where Xz, Xic, Xsr —the concentration of volatile alcohol impurities on the feed plate, impurities

concentrate and still residue, mg/dm? in terms of a.a. (Shyian et al., 2009).
Studied modes

It is known, that for flaky plates the lower critical speed of steam in holes, at which
liquid spilling stops, is 6,5-7,5 m/s, linear speed in free cross-section of the column in
barbotage mode is 0,5-0,9 m/s, in transitional 0,9-1,3 m/s and in jet 1,3-2,0 m/s. Upper
critical speed of steam is 15-16 m/s (Stojkovic et al., 2018). Intensive liquid pouring through
the holes of the plates occurs at steam velocities of 1.5-1 m/s (Gerven et al., 2009).

Considering the above, the velocity of steam in the holes of flakes during the liquid
residence on the plates of the studied RC was maintained within 12—-14 m/s.

The extraction of ethyl alcohol from alcohol-containing fractions was carried out under
the circumstances of moderate and deep hydroselection. Therefore, the upper plate of the
column was provided with steam condensate, the temperature of which was 90-92 °C. The
condensate consumption was being increased from 2000 to 4500 m®/h. Yet the concentration
of ethyl alcohol in the still residue of the column varied from 2.8 to 8% vol. Depending on
the quantity of liquid, the residence time on the plates was being varied from 20 to 60 s, the
pouring time — from 7 to 1.7 s. The height of the liquid layer on the plates was 35-40 mm.
Depending on the quantity of alcohol-containing fractions and water for hydroselection the
pressure at the bottom of the column was being varied between 12 and 18 kPa. For an
effective separation of the heterogeneous mixture, the decanter temperature of the RC was
being maintained around 30-35 °C (Shyian et al., 2009). The aldehyde-methanol concentrate
and the fusel-ester-aldehyde concentrate were being changed from 12 to 1 dm%h, while
controlling the quality parameters of the RC still residue and rectified ethyl alcohol.
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Stages of research

At the first stage, the efficiency of the mass transfer process in the typical (Mishchenko
et al., 2020) and cyclic (Maleta et al., 2015) rectification in the existing and experimental RC
with hydraulic gates was investigated (Figure 1a). The head fraction of ethyl alcohol, steam
condensate from the condensers of the distillation column and carbon dioxide separator, as
well as fusel alcohol were served on the feeder plate of the column in total amount of 96
dm?®/h in terms of anhydrous a.a. Heating steam was continuously provided to the lower part
of the column and hot softened water — to the upper plate in order to hydroselect the
impurities, which ranged the concentration of ethanol in the still residue from 4-5% vol. The
residence time of the liquid on the plates was 23 s and the pouring time through the hydraulic
shutters was 7 s.

At the second stage the efficiency of mass exchange between liquid and steam in an
experimental RC of cyclic action without hydraulic shutters was investigated (Figure 1b).
The technical solution suggested by the authors provided time-controlled cycles of liquid
residence on the plates and its pouring from the upper plates to the lower ones, thanks to
instantaneous change of steam velocity in the holes from 12-14 to 1,5-1 m/s by changing
free cross-section of the plates from 5,5 to 51,7 %. While the valves were being lifted at the
moment the pouring holes were opened, the steam velocity in the holes became lower than
critical and the liquid was pouring simultaneously through all the holes to the underlying
plates.

At the third stage of the research the optimal parameters of mass exchange process of
the experimental RC operation (Figure 3), equipped with flaky plates with turnaround
sections, presented in Figure 4. The research included liquid sampling at the feeder plate (FL)
as well as samples of the head fraction (HF), fusel alcohol (FA), fusel rinse water (FRW),
fractions from the distillation column condenser (DCC) and carbon dioxide separator
condenser (CDSC). To determine the efficiency of processing alcohol-containing fractions
in a given hydrodynamic mode, the concentration of volatile impurities of alcohol in the still
residue (SR), impurities concentrate (IC), epyurate (E), and rectified ethyl alcohol (REA)
were studied. The results of the chromatographic analysis of the studied samples are shown
in Tables 1 and 2.

Results and discussion

Study on the efficiency of mass exchange between liquid and steam in RC,
equipped with moving valves and plates with hydraulic shutters.

Studies have shown that in the experimental column the esters were completely
removed. The grade of extraction of higher alcohols of fusel alcohol and methanol in the
cyclic mode increased by 25%, the concentration ratio of head impurities — by 21%, higher
alcohols and methanol — by 30% in comparison with the column operating in the stationary
mode. That said, it reduced the specific heating steam consumption by 38% and 1.2 kg/dal
of a.a. introduced into the column. This is explained by the fact that when the phase contact
time had been prolonged from 13 to 23 s, the difference in concentration of volatile impurities
in steam and liquid decreased, thus increasing the grade of phase equilibrium (Bozeya et al.,
2013).
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The disadvantages were the low liquid capacity of the column (750 dm®/h), its mixing
on adjacent plates during pouring and a 15% reduction in the working area of the plate due
to the presence of the hydraulic shutters.

Study on the efficiency of mass exchange between liquid and steam in RC,
equipped with moving valves and plates without hydraulic shutters

Design changes allowed to increase the liquid throughput by 34% (750 to 1000 dm?3/h)
without reducing the liquid retention time by lessening the pouring time from 7 to 2 s. Due
to the absence of hydraulic shutters, the contact area of the phases on each plate has increased
by 15%, which has improved the performance of the plates and the efficiency of the mass
exchange: the grade of extraction of higher alcohols of fusel alcohol and methanol was
increased by 29%, the concentration ratio of aldehydes was increased by 23%, higher
alcohols — by 33 % and methanol by 34 % compared to a column operating in stationary
mode.

One-stage (full) and two-stage pouring methods

The one-stage (full) pouring method did not provide an even distribution of liquid on
the plates due to a lack of liquid on the paired plates while it being held on the unpaired plates
and vice versa (Figure 2a). This technical decision made it impossible to maintain a stable
hydrodynamic regime along the height of the column (Chu et al., 2013).

In order to optimize the operation of the RC and to increase the efficiency of mass
exchange, the pouring of liquid from plate to plate was carried out in two stages (Figure 2b).
The method allowed to operate all the plates simultaneously, to ensure that the liquid level
on the plates is the same throughout the height of the column and to stabilize the
hydrodynamic mode of their operation. At that, the RC liquid throughput has increased by
20% (from 1000 to 1200 dm?/h), the grade of extraction of higher alcohols of fusel alcohol
and methanol — by 38%, the concentration ratio of head impurities has increased by 25%,
higher alcohols — by 38%, methanol — by 37% compared to a column operating in stationary
mode.

The disadvantage of the one- and two-stage methods of liquid pouring is the
impossibility of autonomous regulation of liquid residence time on each individual plate,
because moving elements of pouring devices of paired and unpaired plates were set in motion
by one drive mechanism.

Studies on the efficiency of mass exchange between liquid and steam in RC,
equipped with plates with rotary sections

To eliminate the disadvantages mentioned above, the authors have proposed a method
of processing alcohol-containing fractions in a column equipped with plates with rotary
sections (patent UA 136560. Method of mass-exchange between liquid and steam in a column
apparatus). The results of chromatographic analysis of alcohol—containing fractions entering
the column and the distribution of impurities in its still residue, concentrate, epyurate and
rectified alcohol are presented in Tables 1 and 2.

The criterion for the RC optimization was the concentration of acetaldehyde, higher
alcohols of fusel alcohol (including isopropyl alcohol) and methanol in the still residue and
in the rectified ethyl alcohol. The determinants of mass exchange efficiency between liquid
and steam were the grade of extraction and concentration ratio of volatile alcohol impurities
in the studied RC.
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Table 1
Results of the chromatographic analysis of alcohol-containing fractions
Impurity name Concentration, mg/dm?
HF DCC CDSC FA FRW FL
Ethanol, % 00. 92,5 48,8 60 89 17,5 30,5
Aldehydes 1135,2 37,2 126,2 4,9 7,0 318,7
Acetaldehyde 926,1 37,2 90,9 49 7,0 2423
Methylacetate 209,1 traces 35,3 traces traces 76,4
Esters 2394,9 186,4 39,7 20,2 68,3 40,5
Ethylacetate 2223,6 165,8 traces 2,1 traces trace
Isobutylacetate 23,0 13,0 7,9 10,1 traces 11,1
Isoamylacetate 90,6 7,6 31,8 8,0 68,3 29,4
Ethylbutyrate 57,7 traces traces traces traces traces
Methanol, % 0,49 0,025 0,1445 0,013 0,0032 0,18
Fusel alcohol 3113,1 18820 12583 48824 197726 105883
Isopropanol 4,9 4,9 1,7 1,1 traces 1,2
n-propanol 1186,4 1403 699,6 14741 36681 20002
Isobutanol 1640 606,1 4082 27557 36826 20297
n-butanol 2,7 6,4 16,5 35 705,2 362
Isoamylol 279,1 1863,5 7783 6485,3 123514 65221
Table 2
Concentration of impurities in the cube liquid, impurities concentrate, epyurate and rectified
ethyl alcohol
Impurity name Concentration, mg/dm?®
SR IC E REA
Ethanol, % 06. 3,7 67 30,1
Aldehydes 2,8 2302,2 0,3
Acetaldehyde 2,8 1396,7 0,3
Methylacetate traces 905,5 traces
Esters traces 446615 traces
Isobutylacetate traces 3234,8 traces
Isoamylacetate traces 4944 traces
Ethylbutyrate traces 442886 traces -
Methanol, % 0,004 2,69 0,0023 0,0003
Fusel alcohol 7217 726464 1179,8
Isopropanol traces 22,4 0,4
n-propanol 677,5 220,6 121,4
Isobutanol 4,9 357247 326,0
n-butanol 2,7 1003,8 2,0
Isoamilol 13,8 367970 728,5
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According to the results of the study, optimal technological parameters of RC operation

were:

— the liquid retention time on the plates is 40 s;

— the time of liquid pouring from the upper plate to the lower one is 1.7 s;

— the pressure at the bottom of the column is 11.5-12 kPa;

— pressure at the top of the column is up to 0.03 kPa;

— the temperature at the bottom of the column is 100.5-101.5 °C;

— the temperature in the steam phase above the upper plate is 93.5-94 °C;

— temperature in the steam phase on the plate of feed is 93.2-94 °C;

— the water temperature for hydroselection is 95-98 °C;

— the temperature of the mixture in the decanter is 30-35 °C;

— water consumption for hydroselection is 4050—-4500 dmé/h;

— the temperature in the tube space of the condenser is 45-50 °C;

— water temperature for cooling after the dephlegmator is 85-87 °C;

— concentration of ethyl alcohol in the still residue is 3-4 % vol.;

— withdrawal of aldehyde-methanol concentrate (AMC) from the RC is 7-9 dm¥h;

— concentration of ethyl alcohol in the AMC is 70.5% vol.;

— withdrawal of the fusel-ester-aldehyde concentrate (FEAC) from the decanter is 2-3 dm?h.
The calculated values () and (B) at RC operation in the selected hydrodynamic mode

and the specified optimal technical parameters are shown in Table 3.

Table 3
Calculated values of the grade of extraction (a)) and concentration ratio (p) of volatile alcohol
impurities
Name of Typical rectification Cyclic rectification
impurities a B o B
Aldehydes 85,4 5,3 113,8 7,2
Acetaldehyde 63,7 4,3 86,5 5,8
Methylacetate 00 8,8 0 11,9
Esters 79,7 8163,7 o0 11027
Isobutylacetate 57,8 2147 0 291,4
Isoamylacetate ) 12,3 0 16,8
Methanol 27,6 9,3 45 14,9
Fusel alcohol 89,8 4,1 146,7 6,9
Isopropanol 87 10,9 0 18,7
n-propanol 17,9 0,005 29,5 0,01
Isobutanol 2414,4 10,5 41422 17,6
n-butanol 82,9 1,6 134,1 2,8
Isoamylol 3953,2 3,3 4726,2 5,6

Result analysis

Analysis of the obtained results showed that by increasing the contact time of steam and
liquid on the RC plates to 40 s the grade of extraction and concentration ratio of volatile
alcohol impurities increased by 25-38%. At the same time, complex esters, methylacetate
and isopropyl alcohol are completely extracted — those are the impurities that significantly
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degrade the quality of rectified alcohol in small amounts. This can be explained by the fact
that there was more of a complete steam saturation with it volatile components on the plates
of the column and liquid with volatile steam components, the mixing of liquid on adjacent
plates during its pouring was excluded, so that the grade of phase equilibrium achievement
was increased (Chen et al., 2010; Shyian et al., 1991). The prolonging in the residence time
of the liquid on the plates longer than 40 s proved to be impractical due to an increase in the
specific heating steam consumption without a significant increase in the grade of impurity
extraction.

Specific consumption of heating steam in experimental RC decreased by 40% (from 20
to 12 kg/dal of a.a. injected to the feed plate) compared to the column operating in the
stationary mode. This is explained by the fact that the free cross-sectional area of the plates
in the column of cyclic action was 50-75% smaller than that of the column operating in the
stationary mode, and was 2.5-5.5% (Bausa et al., 2001).

After the experimental distillation column for concentrating impurities was put into
operation, the yield of rectified ethyl alcohol increased by 3.8% due to its extraction from the
head fraction and other alcohol-containing waste without deteriorating its qualitative
indicators. The use of the RC liquid purified from volatile impurities for carrying out
hydroselection in the epyurating column made it possible to reduce the consumption of hot
softened water by 2000 dm®h (patent UA 119277. Method of producing rectified alcohol;
Ukrainets et al., 2006).

Conclusion

1. To increase the efficiency of mass exchange between liquid and steam in rectification
columns the expediency of using a cyclic rectification technology that provides periodic
pouring of liquid from plate to plate at continuous supply of alcohol-containing
fractions and steam in the column is proved.

2. To implement the technology, the plates have to be equipped with moving sections
connected to driving mechanisms (e.g., pneumatic cylinders), which are controlled
according to the program of the controller in consonance with a predetermined
algorithm.

3. Equipping the columns with flaky plates allows to increase their capacity by 34% due
to intensification of liquid pouring by doing so simultaneously through the pouring and
barbotage holes.

4. At the moment of liquid pouring, steam velocity in barbotage holes should be 1,5-1
m/s. At this speed the pouring occurs within 1.7 s.

5. Toensure stable operation of the plates during the period of liquid retention and in order
to intensify its pouring, their free cross-section area should instantly change from 5.5 to
51.7%.

6. In working environment, the optimal technological parameters of column operation of
cyclic action were established. It is experimentally proven, that prolonging the contact
time of steam and liquid up to 40 s allows to increase the grade of extraction and
concentration ratio of volatile impurities of alcohol by 25-38% compared to a column
operating in stationary mode. In doing so, the complete extraction of esters,
methylacetate and isopropyl alcohol is provided.

7. The coaxial placement of the flakes on the plate fabric allows to eliminate the possibility
of formation of stagnant zones and intensify the mass transfer between steam and liquid.
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The use of innovative technology makes it possible to reduce the specific consumption
of heating steam during processing of alcohol-containing fractions by 40% compared
to the known ones.

It is advisable to use the results of the research to design column mass exchange
apparatuses of cyclic action.
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Introduction. For improving the quality of gluten-free bread, it is
offered to use hydrocolloids. The aim of the study is to determine the
sorption characteristics of bread from oat flour and optimize its storage
conditions.

Materials and methods. To determine the sorption characteristics,
an Autosort apparatus was used. To control humidity, the method of
high performance liquid chromatography was used. The relative
humidity conditions were varied from 0 to 90% at a temperature of
25 °C.

Results and discussion. The efficiency of joint use of glucano-
delta-lactone and food casein for bread production with the use of
oatmeal has been proved. The regularities of the influence of oatmeal
on the properties of the dough and the qualitative characteristics of
bread are determined. It was found that the introduction of glucano-
delta-lactone in the amount of 1.0% by weight of oatmeal in the dough
in combination with food casein causes an increase in the specific
volume and porosity of the finished products. According to the results
of determining the change in the specific volume of dough during
fermentation, it was found that the increase in the quality of gluten-free
bread with the introduction of glucan-delta-lactone and food casein is
associated with increased gas-holding capacity of dough semi-finished
products. The positive effect of the use of glucano-delta-lactone in the
technology of rice bread on the elastic properties of the crumb of the
products has been clarified. The identified patterns make it possible to
predict the extension of the shelf life of finished products.

In the studied products, adsorption begins as polymolecular and
ends with capillary condensation with developed hysteresis, in which
the amount of absorbed moisture and removed does not match. The
adsorption process is influenced by the shape and radius of the
capillaries.

The introduction of oatmeal in combination with casein and glucan-
delta-lactone affected the redistribution of pores by radius, increasing
the total volume of larger pores with a radius within (50-55)x10"° m
almost twice, compared to the structure of the product exclusively on
oatmeal.

Conclusions. Addition of oatmeal in the amount of 100% with
glucan-delta-lactone in the amount of 1% and natural protein of animal
origin — casein in the amount of 5% improves bread quality: increases
porosity, increased specific volume, which has a positive effect on the
sorption properties of finished products.
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Introduction

It is considered that oats and oat products are not suitable for baking dough or bread,
because it does not contain gluten, although not many studies have been conducted to study
new applications. Differences in oat varieties regarding the potential for making gluten-free
bread recipes based on a pancake-like system (known as dough) (Thompson, 2003).
However, it is not known what factors are important for bread making and whether, for
example, a high content of B-glucan will be suitable for bread procurement (Ronda et al.,
2015). The same goes for the fat content, which is extremely high in oats compared to wheat.
This high fat content in oats requires an additional processing step to avoid damaging the
sensory quality of the grains (Hoffenberg et al., 2000).

The quality of most foods largely depends on their physical, chemical and
microbiological stability. This stability is mainly due to the relationship between the
equilibrium moisture content (EMC) of the food material and its corresponding water activity
(aw) at a certain temperature (Demirkesen et el., 2010). The sorption isotherm describes the
thermodynamic relationship between water activity and food moisture balance at constant
temperature and pressure (Torbica et al., 2010). Knowledge and understanding of sorption
isotherms are extremely important in food science and technology for the design and
optimization of drying equipment, packaging design, quality prediction, stability, shelf life
and for calculating moisture changes that may occur during storage (Wehrle et al., 1998).
The sorption isotherm can be used to study the structural features of a food product, such as
surface specific surface area, pore volume, pore size distribution, and crystallinity
(Ramanathan, 1994). Sorption isotherms can be obtained by adsorption or desorption; the
difference between these curves is defined as hysteresis (Ajisegiri et al., 2007).

The most common equations used to describe sorption in foods include the Langmuir
equation, the Brunauer equation, the Emmett, Teller (BET) model, the Oswin model, the
Smith model, the Helsey model, the Henderson model, the Iglesias Kirife equation, the GAB
model, and the Peleg model et al. (Paderewski et al., 1999). Thus, the net isosteric heats of
sorption for beta-glucan rich biscuits, calculated using Clausius-Clapeyron equation, showed
an exponential relationship with moisture content (Adeseye et al., 2019). Based on the results
of the study of sorption by scientists, it is confirmed that the quality of bread flour is
significantly affected by storage conditions (Panjagari et al., 2014).

Knowledge and understanding of sorption isotherms are critical for equipment design,
prediction of food quality, stability and shelf life, packaging design, and for calculating
moisture changes that may occur during storage (Gray et al., 2003). The MSI of most foods
are nonlinear, usually S-shaped, and are classified as type Il isotherms (Paderewski et al.,
1999). Several attempts have been made to describe sorption isotherms using mathematical
models and to confirm the effectiveness of such models using statistical methods (Sciarini,
2017). It has been scientifically proven and established that the quality of products
deteriorates due to changes in sensory properties, which is accompanied by an increase in the
number of harmful microbes, and these deteriorating changes increase with increasing water
activity. Water activity (aw) is the ratio of water vapor pressure over a given product to vapor
pressure over pure water at the same temperature (Nascimento et al., 2013).

The aim of the study is to determine the sorption characteristics of bread from oat flour
and optimize its storage conditions. It is studied the bread, prepared with the use of oatmeal
enriched with biologically valuable prescription components — casein and glucan-delta-
lactone.
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Methods of sorption measurements

To estimate the parameters of the porous structure of the materials used the method of
static interval isothermal sorption. The weight version of the sorption method allows you to
simultaneously measure the amount of steam absorbed by the sorbent and the equilibrium
pressure of the same steam over the created system. The principle of the weight method of
sorption study is to determine the amount of sorbed substance by the difference in weight of
the sample of sorbent before and after sorption (Ramanathan et al., 1994).

To do this, we used a sorption unit (Figure 1), which consists of two main parts: a
vacuum, which serves to create a residual air pressure of 10°Pa, and a working one, in which
sorption measurements performed directly. The working part A is placed in an air thermostat
equipped with a heater and a contact thermometer.

T~
—

Figure 1. High-vacuum sorption installation scheme

The working part of the installation is a detachable cylindrical tank (5), to the head of
which are suspended spiral scales of McBen. A thin-walled glass cup with a sample (6) is
attached to the lower end of the spiral. Pre-calibrated quartz spirals should have a sensitivity
of about 0,5x10° m/kg and have no hysteresis. The ampule (7) contains a liquid whose vapors
sorbed. Sorption experiments performed at a temperature of 298 K.
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Prior to the determination, the test sorbent and sorbate subjected to vacuum at a residual
pressure of 10 Pa to constant weight, in order to remove volatile substances.

The B-630 cathetometer used to supply steam, after which the stretching of the quartz
spirals monitored and the kinetic curve of steam absorption by the sorbent constructed.
Measurements performed with an accuracy of 5x10° m.

Experimental data were used to calculate the equilibrium number of grams of sorbed
steam (x/m) per gram of sorbent by the equation:

X _ ¥ xAn , 1)
m m
where 4n — spiral elongation, mm; m — the amount of polymer, g; y — the price of spiral
division, g/mm, and to calculate the amount of adsorption a (mmaol) per 1 g of sorbent:
a4 xx1000 , @
M xm

After equilibrating, the equilibrium pressure of the sorbate vapor is measured. The
obtained data was presented in the form of a sorption isotherm, which was constructed in the
coordinates x/m (a) depending on the relative vapor pressure p/ps, where ps is the saturated
vapor pressure of the sorbate at the study temperature.

The Autodesk system used to determine the sorption characteristics. The method of high
performance liquid chromatography used to control the humidity. Relative humidity
conditions ranged from 0 to 90% at a temperature of 25 °C (9).

Sorption characteristics systematize data on equilibrium and monomolecular moisture
levels, based on which it is possible to correctly determine the methods for processing,
storage, and packaging of finished products (Ramanathan et al., 1994).

The relationship between the equilibrium humidity M and the activity of water aw was
determined experimentally and the results depending on the temperature built sorption
isotherms (Ajisegiri et al., 2007).

Calculation of the specific surface area Ss

Adsorption isotherms make it possible to determine the capacity of a monolayer of a
test sample, which can be used to calculate its specific surface area Ss. The capacity of a
monolayer is the amount of adsorbate that can be accommodated in a fully filled adsorption
layer 1 molecule thick —a monolayer — on the surface of a unit mass (1 g) of a solid. From
the capacity of a monolayer am, expressed in moles of adsorbate per gram of adsorbent, the
specific surface area as the surface area of 1 g of a solid S; is calculated by the simple
equation:

S,=a, -w-N,, 3)
where w is the average area occupied by an adsorbate molecule in a filled monolayer, Na is
Avogadro's number.

The value of a, was determined using the equation of the sorption isotherm obtained
by Brunauer, Emmett and Teller (BET equation) (Paderewski et al., 1999),

i am~c~%S | "
(1—%5)-{“((;—1).%5}

where a — the equilibrium number of moles of sorbed substance per gram of sorbent, p/ps —
relative vapor pressure, ¢ —a constant.
To calculate the value of an, the BET equation modified:

a
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Equation type 4 is derived for sorbents, in the pores of which the sorption process
accompanied by the phenomenon of capillary condensation. For such sorbents, the sorption
isotherm has a typical S-shape with sorption hysteresis. Similarly, this equation formally is
used to calculate the values Ss of non-porous adsorbents.

The calculation S; was performed on the basis of experimental data, constructing the

sorption isotherm in coordinates a = I(% ) .
S

Calculation of the total pore volume Wo

Depending on the nature of the porous structure of the sorbent, there are different
methods of calculating Wo. In our case, the total pore volume calculated from the maximum
amount of sorbed substance, because the sample belongs to the group of mesoporous sorbents
characterized by S-shaped sorption isotherms.

The absorption of the sorbed substance amax occurs at p/ps = 1, according to the
equation:

WO = A 'Vmax ' (6)

The right-hand side of this equation is the maximum volume of sorbed matter, which is
essentially equal to the volume of pores available to the molecules of this sorbate.

Results and discussion

Effect of glucan-delta-lactone (GDL) on the change of technological characteristics
and quality of bread

The study of the effect of glucan-delta-lactone on the change of technological
characteristics and quality of bread depending on its dosage is presented in Table 1.

Table 1
Influence of GDL on dough properties and bread quality

Quiality indicators Control Sample with the addition of GDL,%

sample 0,5 | 10 | 15

Semi-finished dough
Titrated acidity 2,7 2,7 2,8 2,8
Active acidity 4,3 4,4 4,4 4,5
dGas formation, cm®¥/100 g of 420 408 400 308
ough
Specific volume, cm®/g 1,60 2,3 2,4 2,1
Bread

Specific volume, cm®/g 1,86 2,55 2,70 2,18
Acidity, deg 3,1 3,1 3,1 3,2
Porosity,% 52,3 68,1 69,7 66,4
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The data obtained indicate that during fermentation of the dough from glucano-delta-
lactone there is a slight decrease in the intensity of acid accumulation, which is apparently
associated with a decrease in the activity of lactic acid bacteria and yeast
Saccharomyces during maturation of dough semi-finished products.

Thus, the introduction of glucano-delta-lactone in the amount of 0,5-1,5% by weight
of flour leads to a decrease in the amount of carbon dioxide released by 1,9-3,8% relative to
the control. Obviously, a colloidal solution of cellulose ether wraps a thin film of yeast cells,
limiting access to nutrients. The study of quality indicators of finished products showed that
their specific volume in the case of application of glucan-delta-lactone in the amount of 0,5%
and 1,0% by weight of flour increases by 35,0 and 37.1%, respectively, compared with the
control. The porosity of the crumb is improved by 30,0 and 32,5% relative to the control
sample. The obtained results are explained by the improvement of the gas holding capacity
of the dough, as a result of which, despite the reduction of gas formation in the semi-finished
product, the losses of carbon dioxide formed during fermentation are insignificant.

As a result of experimental researches it is established that increase in dosage of GDL
above 1.0% to weight of flour is inefficient as at the same time the crumb of products is
condensed, has worse developed porosity, bread has smaller specific volume, and on its
surface there are cracks.

The increase in the specific volume of the dough with the combined application of
glucano-delta-lactone and casein is more intense compared to the control sample without
hydrocolloid. This is due to the high water holding capacity of GDL, which reduces the
content of free moisture in the system, that is, the layers of intermicellar fluid between the
colloids of the dough are reduced, which leads to the formation of a homogeneous framework
of the semi-finished product, resulting in improved structural and mechanical properties.

The results of the research became the basis for further determinations of the sorption
properties of finished bread products.

Optimization of the prescription composition of oatmeal bread

The study of the chemical composition of alternative raw materials — oatmeal, allows
understanding and explain the main processes of dough formation, and most importantly to
choose the winning combinations of improvers in order to eliminate possible shortcomings
(Paderewski et al., 1999).

Given the fact that oat products do not contain gluten (Thompson et al., 2003), thus
questioning the use of oats as a main component in baking, an effective measure to mimic
the gluten skeleton in the technology of gluten-free bakery products based on oatmeal is the
use of various improvements.

Our results are promising, because even without process optimization and without
understanding the functionality of all oat components except beta-glucans, the overall
appearance of bread products and their specific volume lead us to think that there is room for
much greater improvement. Our oat bread is similar to the bread that consumers are familiar
with (Figure 2). We believe that the lack of knowledge is the main reason for the limited
availability of oat bread. Oats, as an agricultural crop and as a raw material for the food
industry, has features that must first be understood in order to be able to deal with them in
the process of product development.

Nutritionists have confirmed that it is advisable to use glucan-delta-lactone (GDL) as a
structurant of food systems (Li et al., 2016).
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Figure 2. Picture of test baking results
1 — bread with 100% oatmeal; 2 — bread with 100% oatmeal and 1% GDL;
3 —bread with 100% oatmeal, 5% casein and 1% GDL

In the course of trial laboratory baking, it was found that the addition of only gdl in the
technology of production of bread products is not sufficient. This technology needs the
improvement.

To improve the viscoplastic properties of oat raw materials, we have selected a
combination of a structuring agent and a protein-containing component of animal origin,
taking into account the research of specialists in this field (Deora et al., 2014; Stathopoulos
et al., 2008; Ziobro et al., 2016).

The next stage of our research was to conduct a trial baking of bread with the
introduction of GDL and casein at the established optimal ratio.

During the study it was found that the introduction of oatmeal in the amount of 100%
with a structuring substance (glucan-delta-lactone) in the amount of 1% and natural animal
protein (casein) in the amount of 5% improves the quality of bread: increases porosity,
increases specific volume. The humidity and acidity of all baked samples remain within the
norm set by the standard. This is because the introduction of oatmeal into the dough
intensifies the fermentation process due to sugar, vitamins, minerals, which are an additional
source of nutrition for yeast.

According to the results of the study, it was found that the best quality indicators are
bread with a complete replacement of wheat flour with the addition of a structural component
and protein of animal origin.

Effect of temperature and relative humidity on equilibrium moisture content
The next step was to study the sorption characteristics of the obtained samples.

The experimentally obtained values of equilibrium humidity M, % dry weight, and
standard deviation sq of the investigated product at different values of water activity a, and
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at a temperature of 25 °C for adsorption and desorption processes is shown in Table 2. The
equilibrium moisture content at each aw represents the mean value of three replications
(Adeseye et al., 2019).

Table 2
Comparative characteristics of research results

aw M Sd

0,106 | 3,24959 | 0,0881
0,249 | 5,46128 | 0,0787
0,348 | 6,88063 | 0,1304
0,443 | 8,39007 | 0,2291
0,538 | 10,0220 | 0,2342
0,629 | 12,0427 | 0,2482
0,737 | 15,6526 | 0,3046
0,818 | 19,9702 | 0,240

Based on the obtained data, it is confirmed that the equilibrium moisture content
increases with increasing in temperature at constant relative humidity and increases with
increasing in relative humidity at constant temperature.

To compare sorption and desorption, the figures show the isotherms of all the studied
samples (Figures 3, 4).

The sorption-desorption isotherms of water (Figures 3, 4) are given in the coordinates:
the amount of adsorbed water (a) — its activity (aw), which is directly related to the relative
equilibrium vapor pressure (aw = P/Rs).

To compare sorption and desorption are given isotherms in Figures 3: a sample of bread
based on oatmeal with the addition of 1% GDL (Figure 3, a), a sample of bread based on
oatmeal from a combination of 1% GDL and 5% casein (Figure 3, b) and a sample of bread
based on oatmeal without additives (Figure 3, c).

Analysis of isotherms showed that the characteristic S-shaped configuration of the lines
corresponds to polymolecular adsorption. In the works (Adeseye et al., 2019; Panjagari et al.,
2014; Gray et al., 2003) note that in the adsorption accompanied by capillary condensation,
hysteresis is often observed, so we can conclude that in the studied products adsorption
begins as polymolecular and ends with capillary condensation with developed hysteresis, in
which the amount of absorbed moisture and coincides.

It is known (Gomez et al., 2013) that the hygroscopicity of raw materials depends on its
porosity. It is obvious that the main part of moisture in the investigated raw material
condenses in small pores of the adsorbent — capillary condensation. To test this hypothesis,
the distribution of pore volume by radius is analyzed (Figure 3) and the pore volume (V) in
the studied raw material is determined (Paderewski et al., 1999):

v :T f(R)dR, @)

The results of calculations of pore volume with a certain radius for the studied bread
samples are shown in Table 3.
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Figure 3. Sorption isotherms of adsorption and desorption processes
a — bread with 100% oatmeal and 1% GDL;
b — bread with 100% oatmeal, 5% casein and 1% GDL;
¢ — bread with 100% oatmeal.
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Figure 4. Sorption isotherms of adsorption and desorption processes.
Generalized results for the three studied samples:
D — bread with 100% oatmeal and 1% GDL,;
F — bread with 100% oatmeal, 5% casein and 1% GDL;
H — bread with 100% oatmeal.

Table 3
Structural characteristics of samples
No Sample name Ssmig| R* |Vscmg|D,A
1. | 100% oatmeal, 1% GDL 54 0,8619 0,79 585
2. | 100% oatmeal, 5% casein, 1% GDL 53 0,9788 0,94 696
3. | 100% oatmeal 56 0,4964 0,76 543

Based on the first graph of moisture adsorption, we can say that the samples adsorbed
moisture to a pressure of P/Ps = 0,3 is not active, because there was a so-called adsorption of
the surface layer of samples, and then — penetration into the internal volume, and they were
activated. After all, under the pressure of moisture, the samples loosened and absorbed
vapors, because the pore volume of the samples is quite high.

The sample with the type “100% oatmeal, 5% casein, 1% improver” gained the most
moisture (Figure 5, b), the pore volume was equal to: Vs = 0,94 cm®/g, and the sample with
the type “100%” gained the least moisture. Oatmeal (Figure 5, c), as evidenced by its pore
volume: Vs = 0,76 cm®/g (from the Table of structural characteristics).
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Figure 5. Distribution of pore volume by their radius in the raw material:
a — bread with 100% oatmeal and 1% GDL
b — bread with 100% oatmeal, 5% casein and 1% GDL
¢ — bread with 100% oatmeal
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Figure 6. Distribution of pore volume by their radius in the raw material.
Generalized results for the three studied samples:
C" — bread with 100% oatmeal and 1% GDL;
E’ — bread with 100% oatmeal, 5% casein and 1% GDL;
G’ — bread with 100% oatmeal

From the data in Figures 5, 6 and Table 2 we can conclude that the addition of a
composition with 1% GDL and 5% casein to the recipe of oatmeal bread affected the
redistribution of pores by radius, increasing the total volume of larger pores with a radius
within (50-55)x10*° m compared to other samples.

The hysteresis loops (the area between the adsorption curve going from zero to the top
and the desorption going from top to zero) in the samples are almost the same in shape,
indicating similar structural data.

The radius distribution curve shows that the sample type “100% oatmeal, 5% casein,
1% improver” has the highest peak, is it has the largest large pores with a diameter of 64,8
angstroms. The smallest peak in a sample of the type “100% oatmeal”, it has few large pores,
so it has the smallest pore volume.

All samples have almost a similar adsorption structure, because their adsorption curves
coincide in shape. Although in the sample type “100% oatmeal, 5% casein, 1% improver”
the curve is the largest in the volume of the hysteresis loop, and in the sample type “100%
oatmeal” — the smallest.

From the graph of pore distribution by radii you can see clearly and calculate the number
of pores. This is defined as follows: the perpendicular lowered from the end of the rounding
to the abscissa on each side and the area under the perpendiculars gives the number of pores.
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All samples have excellent convex hysteresis, but then the desorption line does not fall
on the adsorption line completely and does not end at zero, because the samples have
chemisorption, which determines their residual removal of sorbate.

Conclusions

1. For all studied samples there was a significant effect of temperature on the equilibrium
sorption of moisture in the range of studied temperatures.

2. Sorption isotherms of the tested bread samples had an S-shape, this type is inherent in
food systems.

3. Research and analysis of sorption properties confirmed our theory of improving the
viscoplastic characteristics of oatmeal in bread production technology by including
glucan-delta-lactone (1%) and casein (5%) in the prescription components.

4. The analysis of obtained results to determine the effect of the studied raw material on
the change in the specific volume of oatmeal during fermentation shows that the joint
application of casein and glucano-delta-lactone has a synergistic effect on the gas
holding capacity of dough semi-finished products high-volume yield.
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Introduction. The purpose of the research is to determine the
influence of water activity indicator on the quality of wheat flour and
modified wheat flour.

Research methodology. Samples of wheat flour obtained from
wheat grain of different starch polymer composition and component
composition were using. The water activity index for wheat flour and
modified according to ISO 18787:2017 was determined. In the bread
recipe, 10% of flour was replaced by modified wheat flour. Determined
the effect of improved formulation on the shelf life of loaves.

Research results. The highest value of enthalpy and water
activity is for flour, which has a base ratio of amylose and amylopectin.
Softening of the structure and weakening of the starch-protein matrix
bonds reduces the enthalpy by 2.3 J/g and the activity of water. The
lowest value of enthalpy and water activity has flour, which contains
only amylopectin in the starch granules. It should be noted, that the
increased composition of micro- and macronutrients flour leads to a
decrease in enthalpy of 3.7 J/g. Studies have shown that the physical
modification of wheat flour leads to a change in water activity of the
samples. In particular, is reduced from 0.619 to 0.591. At the same time,
the change in the structure of starch granules leads to an increase in
water activity for flour samples: confectionery — from 0.477 to 0.585,
type “waxy” — from 0.542 to 0.570, enriched with micro- and
macronutrients — from 0.491 to 0.597.

The use of ingredients with a reduced rate of aw shows an
inhibitory ability to develop potato disease and micromycetes, which
prolongs the storage of bread loaves for 1-2 days. The change in the
component composition of the flour after its modification significantly
affected its technological quality. The use of such a product in the
production of food products helps to extend their shelf life, and,
accordingly, for a long time to promote the preservation of organoleptic
properties and to show stability to the action of microorganisms.

Samples of flour differ in the composition of carbohydrates (p
<0,001), proteins (p <0,01), fats (p <0,05). Therefore, with temperature
modification there are structural changes of the main components with
the formation of simpler ones.

Conclusions. The water activity index for native wheat flour isin
the range of 0.491-0.619 and for modified wheat flour in the range of
0.570-0.597.
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Introduction

The ingredients, such as wheat fiber, modified wheat flour, etc. are being introducing
into the recipe of bakery and flour confectionery products to improve the quality and extend
the shelf life (Venturi C et. al., 2016; Birch AN et. al., 2013). Modified flour is produce in a
sufficiently full volume and can meet the needs of the food industry (Abbas K.A., et. al.,
2010). At the same time, the influence of modified flour on the quality of bakery products
remains unexplored; one of the criteria influencing the quality and storage of products is the
indicator of water activity. In our opinion, the method of modification of starch in raw
materials also has an effect on the change of water activity index (Rodel W., 2001).

In this regard, one of the key issues is the indicator that affects the structural properties
of the product, shelf life and depends on the nature and amount of components soluble in the
aqueous phase of the product (Scott WJ et. Al., 1957), as well as methods of processing raw
materials, semi-finished products, etc. (Rodel W., 2001). Accordingly, the value of the
indicator "water activity" (aw) is crucial, on which depends not only the forming indicator of
the product but also the development of microorganisms (Rodel W., 2001). Since the gradient
of values water activity of the product and relative humidity is the driving force of mass
moisture exchange in various thermal and hydrothermal processes (Kataoka, Y. et. al., 2011),
as well as storage (Chervenka L. et al., 2006), data on water activity of treated products are
relevant to justify optimal processes (Kataoka, Y. et. al., 2011). The change in the indicator
affects the possibility and intensity of development of microorganisms in bakery products
(Sereno A. M., 2001).

Water activity (Cervenka L. et al., 2006) was determined in such food products as: fruits
(0.97), eggs (0.97), flour (0.80), jam (0.82-0.94) meat products. Foods such as milk powder,
crackers and instant products have water activity (aw) values in the range of 0.35-0.5, which
usually show a property such as the fragility of the structure (Sereno A. M., 2001). Affects
aw on the development of microorganisms in food (Cervenka L. et al., 2006; Schmidt S.J.,
2004) and defined the following limits for: bacteria aw = 0.75-0.98; yeast ay = 0.62-0.90;
micromycetes a, = 0.60-0.88. Thus, the indicator of water activity affects the quality and
storage of food. Thus, it is necessary to study the replacement of part of wheat flour in the
recipe for the production of loaves of bread with modified flour, respectively, to study the
change in the shelf life of the obtained loaves.

The so-called barrier technologies (Leistner L. and Gorris, L.G.M., 1995) have been
developing for the production of a number of products aimed at ensuring the safety and
quality of products with extended shelf life. Given that the water activity index was
determined for a number of food products, it is important to determine this indicator for
modified wheat flour, which is already produce by some starch companies (Chervenka L. et
al., 2006), but little is studied.

The purpose of the research is to determine the influence of water activity indicator
on the quality of wheat flour and modified wheat flour.

Materials and methods
Materials

The studies used wheat flour, which had a different structural composition of starch:
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— Sample 1 — flour with a ratio of starch granules of amylose: amylopectin as 30:70;

— Sample 2 — wheat flour from soft confectionery wheat has a low protein content
(10.5-11.8%), easily digestible, starchy flour and by weight 20-25% lighter than
baking wheat flour, which provides looseness flour confectionery. Flour obtained
from such grain does not lose its whiteness when the yield is above 70%, has a low
water absorption capacity (54-55%) (Rybalka Ol and Axelrud DV, 2004);

— Sample 3 — wheat flour from soft wheat type "waxy" white color and has an extra
high water absorption capacity (72% and above) (Rybalka Ol et. al., 2005);

— Sample 4 — wheat flour from soft wheat with an amylose: amylopectin ratio of 30:70
and enriched with micro- and macroelements. Flour obtained from such grain has a
grayish-white color, black or dark brown bran, and has excellent food flavoring
properties of cereals (Rybalka Ol, 2008).

The samples used in the study had the following physicochemical parameters, which
are shown in Table 1 (Kuznietsova I.V. et al., 2020).

Table 1
Physic-chemical parameters of samples of wheat flour (n=3, p<0.05)
Indicator Wheat flour
Sample 1 | Sample 2 | Sample 3 | Sample 4
Content of hygroscopic water,% 10,54 13,78 9,52 10,19
Starch content,% 68,42 65,80 61,90 56,01
Ash content,% (550 °C) 1,78 1,86 1,93 1,94
Protein content,% 11,60 10,66 9,96 11,84
Fat content, % 1,9 1,4 2,0 2,1
Fiber content,% 6,5 6,2 6,8 7,8

The control sample for modified samples of wheat flour is obtained in industrial
conditions extruded wheat flour (Table 2) (Kuznietsova 1.V. et al., 2020).

Table 2
Physic-chemical parameters of the control sample (n = 3, p<0.05)
Indicator Extruded flour
(control)

Content of hygroscopic water,% 9,13

Starch content,% 64,91

Ash content,% (550 °C) 1,80

Protein content,% 11,68

Fat content, % 2,1

Fiber content,% 6,7

Fiber content,%
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Preparation of prototypes

We have improved the method of obtaining physically modified flour. Which is the use
of convective drying:

Modifications (Khomichak L.M. et al., 2019) of wheat flour samples with different
structural composition of starch were performed. Modification of wheat flour samples was
carried out by preparing them by brewing, followed by drying in a convective dryer at a
temperature of 110—120 °C for 30-45 min and at a temperature up to 60—65 °C to obtain the
product — flour modified with a dry matter content of 6-10%, grinding and sifting
(Khomichak L.M. and others, 2020).

The obtained samples of modified wheat flour with different starch composition were
used to measure the water activity index.

According to the physical modification of the flour will be obtained appropriate samples
of the modified flour:

With sample 1M — modified flour obtained from sample 1;
With sample 2M — modified flour obtained from sample 2;
With sample 3M — modified flour obtained from sample 3;
With sample 4M — modified flour obtained from sample 4.

Description of methods and installation

Determination of water activity of wheat flour samples and after their physical
modification (Schmidt S.J., 2004).

The water activity index was determined according to the method described in 1SO
18787:2017 for four samples of wheat flour and four samples of modified wheat flour, a
sample of extruded wheat flour (control for samples of modified flour).

Measurement of thermodynamic parameters of all flour samples was carried out on the
device Hygrolab-2 (Rotronic, Switzerland) at a temperature of 18-20 °C with a measurement
accuracy of 1.5%, aw + 1.5% of the value.

Determination of the effect replacing part of wheat flour with modified in the
recipe on the shelf life of loaves of bread

Determination of the effect of aw on the shelf life of the product using a modified
sample 1 of flour was carried out by obtaining samples of loaves: on sourdough with wheat
flour; on leaven with replacement of 10% of extruded flour; on leaven with replacement by
10% of the 1M sample. The obtained samples of loaves were stored for 12 days.

Determination of structural and mechanical properties, crumbliness and
microbiological spoilage during storage of bread loaves.

Investigations of the structural and mechanical properties of breadcrumbs were
performing on an automated penetrometer. The method consists in measuring the amount of
immersion (penetration) of a body of a certain shape and size under the influence of a certain
load for a certain time.

Determination of breadcrumbs is an indicator that characterizes the freshness of bread
or the degree of its hardening. From the crumb cut two pieces in the shape of a parallelepiped
of 5 g each and transfer to a conical flask with a volume of 250 cm?. Shake the flask for 5
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minutes. The crumb formed as a result of friction of two pieces is collected and weighed on
scales with an accuracy of 0.01 kg.

To determine the effect of yeasts on wine yeast and flour types on the microbiological
stability of loaf samples were studied as follows. Products manufactured by intensive
technology (Pico J., et. al. 2015; Torrieri E., et. al. 2014) were placed at a temperature of 35-
40 °C in provocative conditions to observe the appearance of signs of potato disease and the
development of micromycetes.

Results and discussion

It was studied the change aw for wheat flour and after its modification, which will show
the effect of physical modification on this indicator and, accordingly, on product quality and
allow to predict the shelf life of food obtained with modified wheat flour in the recipe.

Determination of aw for wheat flour samples

Table 3 presents the indicators. For which the measurement of water activity was
performed. It should be noted that the enthalpy values are different for flour samples, which
indicates the effect of the ratio of the concentrations of the components, which, accordingly,
affects the activation energy of the compounds.

Table 3
Thermodynamic characteristics of soft wheat flour (n = 3, p<0.05)

No Indicator Sarr11ple San21ple Sanélple Sarzple
1 | Enthalpy, J/g 40,06 37,70 35,63 36,28
2 | Specific moisture content, g/kg 8,33 7,36 6,51 6,74
3 | Ratio of the concentrgtlons of the 8,40 7.41 6.55 6.78

components of the mixture, g/kg
4 ;//iﬁ)sor concentration at saturation, 15.97 16.12 16,21 16,28
5 | Partial water vapor pressure, hPa 13,33 11,77 10,42 10,78
6 | Saturated vapor pressure, hPA 21,52 21,70 21,86 21,96
7 | Water activity (aw) 0,619 0,542 0,477 0,491

The highest enthalpy is for sample 1, which has a base ratio of amylose and
amylopectin. Any change in the structure of starch granules leads to a decrease in enthalpy.
In particular, softening the structure and weakening the bonds of the starch-protein matrix
(sample 2) reduces the enthalpy by 2.3 J/h. The lowest value of enthalpy is sample 3, which
contains only amylopectin in the starch granules. At the same time, the influence of other
components of flour should be noted. Thus, the increased composition of micro- and
macroelements (sample 4) leads to a decrease in enthalpy by 3.7 J/g accordingly, aw has a
similar nature of reduction. This indicates the dependence of this indicator on the energy of
the reactions in the flour and on the influence of other components such as: the structure of
the starch granule, the influence of micro- and macronutrients.
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Determination of aw for samples of modified wheat flour

As studies have shown (Table 4), the physical modification of wheat flour leads to
a decrease in aw in the samples.

Table 4
Thermodynamic characteristics of modified wheat flour (n = 3, p<0.05)

Sample | Sample | Sample | Sample

Ne Indicator Control M oM M AM
1 | Enthalpy, J/g 43,89 45,26 44 57 45,20 45,12
2 | Specific moisture content, 8,72 9,33 9,04 9,28 9,34

g/kg
3 | Ratio of the
concentrations of the 8,80 0,42 9,12 9,37 9,43

components of the
mixture, g/kg

4 | Vapor concentration at
saturation, g/m®

5 | Partial water vapor
pressure, hPa

6 ﬁgtA“rated Vapor pressure, | oo 54 | 2504 | 2534 | 2534 | 24,99

7 | Water activity (aw) 0,546 0,591 0,570 0,585 0,597

18,78 18,57 18,64 18,64 18,40

13,95 14,91 14,45 14,83 14,92

In particular, for sample 1 is reduced from 0.619 to 0.591. At the same time, the change
in the structure of the starch granule leads to an increase in the water activity index for flour
samples: sample 2 from 0.477 to 0.585, sample 3 from 0.542 to 0.570, sample 4 from 0.491
t0 0.597. It should be noted that the value of aw is 0.546, which indicates an in-depth thermal
modification due to extrusion. Thus, the structure of the starch granule affects the value of
water activity.

The water activity of the product determines its ability to evaporate from the product
relative to the ability to evaporate pure water at the same temperature (Tsukanov MF and
Chernomorets AB, 2010). Accordingly, the change in the aw between the native flour and
the modified is influenced by the structure of the starch-protein matrix, in which due to ionic
bonds, hydrophobic and hydrogen bonds and Van der Waals forces, the interaction of product
moisture with compounds such as starch and protein (Miyazaki MR et.al., 2006).

The value of the water activity index for samples of modified wheat flour is in the range
above 0.5, which indicates low fragility (Hazelton JL et. Al., 2003) and the effect of fat
(Cervenka L. et al., 2006) on this indicator, which practically does not bind water (Rodel W.
et. al., 2001). At the same time, the change in the values of water activity indicators for native
flour samples and their modifications indicates the influence of the quantitative content of
protein and sugars and their qualitative composition (Tanaka M. et. Al., 2011).

The value of ethalpy for all samples of modified flour increases, on J/g: sample 1 —5.2;
sample 2 —6.87 sample 3 — 9.57; sample 4 — 5.84. Therefore, the energy increases to change
the structure of the compounds under the action of temperature.

380 —— Ukrainian Food Journal. 2021. Volume 10. Issue 2



—— Food Technology ——

In addition to influencing chemical reactions and the development of microorganisms,
water activity affects the texture of products (Schmidt S.J. et. al., 2004). At the maximum
value of the water activity index allowed in dry products and without loss of the specified
properties, the indicator varies in the range of 0.35 — 0.5, and for softened products, which
should not have brittle properties, the indicator should exceed 0.5 (Chervenka L. et al., 2006).

Correlation coefficients of aw for wheat flour

According to the obtained results (Tables 3 and 4), correlation coefficients were
obtained (Table 5).

Table 5
Statistical parameters of the regression dependence of the water activity index on the
component composition of wheat flour (n = 3, p<0.05)

Indicator Correlation coefficients Determination
coefficient R?

Native 0,0227 0,1586 0,7583 0,9819

Modified 0,0083 0,0380 0,6188 0,8112

p <0,001*, p <0,01**, p <0,05***,

With a constant value of aw and an increase in the processing temperature of the flour,
the amount of adsorbed water increases. Samples of flour differ in the composition of
carbohydrates (p <0.001), proteins (p <0.01), fats (p <0.05). Therefore, with temperature
modification there are structural changes of the main components with the formation of
simpler ones.

Influence of aw of modified flour samples on suitability for storage

The influence of the use of sample 1M in the recipe of bread by intensive technology
on the shelf life of the loaf was studying. The main problem of accelerated technology is the
rapid hardening of loaves, which begins to be observed after cooling. This is manifeste in
increased tidiness, reduced elasticity of the crumb and the ability to restore shape after
pressing. Traditionally, the method of extending the shelf life of products, based on which
the reduction of moisture content is achieve by concentration or dehydration (Sereno A. M.
et al.,, 2001). The range of moisture-binding additives is constantly expanding, offering
compounds or ingredients such as (Rodel W. et al., 2011): salts, polysaccharides, amino
acids, proteins, polyhydric alcohols and more. It is known (Tsukanov M.F. and Chernomorets
A.B., 2010), substances such as sugar and salt reduce the ay, in the product. In particular, in
a saturated solution of sugar at 20 °C, the activity of water is 0.864, and table salt — 0.753
(Cervenka L. et al., 2006). The influence of the method of processing raw materials and semi-
finished products on the value of the moisture activity index, is known (Sereno A. M. et al.,
2001). In this direction, the modification of flour plays a role as a moisture-retaining
component in the food product.

At a value of a = 0.6-0.8, which corresponds to a moisture content of the product up
to 40% (Hazelton JL et al., 2003) for a long time there are no processes associated with the
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deterioration of product quality (Scott WJ et. Al., 1957 ). Such aw (0,619) has a sample 1,
that usually flour with such a component composition is used for the manufacture of bakery
products. Obviously, the presence and amount of hydrophilic substances such as starch and
sugars, which modify the flour interact with water in the flour particles and thus form new
ionic and hydrogen bonds, which reduces the amount of available moisture in the product
(Hazelton JL et al., 2003).

The effect of the use of modified flour in the recipe of bread by intensive technology on
the shelf life of the loaf was studied. The main problem of accelerated technologies is the
rapid hardening of loaves, which begins to be observed after cooling. This is manifested in
increased lidiness, reduced elasticity of the crumb and the ability to restore shape after
pressing.

Received bread according to usual recipe and bread in which 10% of flour was replaced
by modified flour. The taste of the products is different: when used in this technology,
sourdough is allowed in the products, which is noticeable in the control samples. However,
with increasing replacement of wheat flour, the sour taste is almost not felt. The taste is
typical of wheat bread, in products with the replacement of wheat flour is wetter and more
pleasant to the taste. In products with wheat flour replacement, the state of the crumb differs
(Figure 1) by a denser thick-walled porosity.

Figure 1. Bread crumb:
a —according to the usual recipe;
b — with the replacement of 10% wheat flour with modified wheat flour.

This is increased by 1% humidity of the product compared to the control sample.
However, in the case of replacing 30% of extruded flour, the crumb has a slight stickiness.

According to physicochemical parameters (Table 6), it is noted that the products have
an underestimated volume, which is due to the complete exclusion of compressed yeast from
the recipe.
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Quiality indicators of the obtained loaves

Table 6

Quality indicators Control Replacement 10%
Weight of the dough, g 250 250
Weight of hot bread, g 232 224
Weight of cold bread, g 224 215
Volume, cm?® 750 660
Specific volume, cm®/g 3,35 3,29
Humidity, % 40 41
Acidity, deg 1,2 1,6
Porosity, % 69 68
Baking, % 7,2 10,2
Drying, % 3,4 4,3

The moisture content of the products increases with the replacement of wheat flour,
which is due to the greater water absorption capacity of the modified flour. The brightly
colored crust of the products indicates a sufficient accumulation of sugars involved in the

reaction of melanoid formation.

Change of deformation of loaves at introduction in a compounding of 10% of flour of

the modified (table 7)

Evaluation of changes in the quality of bread during storage

Table 7

Structural and mechanical Control replacement 10% flour
properties of crumb modified | extruded

General deformation H gen, units ave
in 4 hours 61 78 48
in 48 hours 33 48 32
Plastic deformation of H pl, units ave.
in 4 hours 51 58 28
in 48 hours 27 40 21
Elastic deformation of H el.d., units ave.
in 4 hours 10 23 12
in 48 hours 6 9 9
Covering, %
in 4 hours 49 1,7 0,1
in 48 hours 6,5 2,1 0,5
Wetting,% to DM
in 4 hours 271 276 164
in 48 hours 227 221 148
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The main problem of accelerated technologies is the rapid hardening of finished
products (Pico J., et. al., 2015), which begins to be observed immediately after cooling. This
is manifested in increased crunchiness, reduced elasticity of the crumb. Therefore, one of the
main tasks in the improvement of accelerated technologies is on the one hand to improve the
taste and aroma of finished products, and on the other — to improve quality during storage.

It was found that for samples of loaves obtained with the replacement of 10% by
modified flour, there are signs of better safety and stability of quality during storage for 48
hours. In the samples with the replacement of flour with extruded flour there was a decrease
in the total deformation of the crumb after cooling from 48 to 32 units, with the replacement
of the modified flour there was a decrease in the total deformation from 78 to 48 units etc.
Crispiness, as one of the main signs of loss of freshness (Torrieri E., et. al., 2014), was the
highest in the control, and in samples of loaves with the replacement of modified flour, this
figure was lower by 65-80%. Slowing down of hardening of samples made with extruded or
modified flour is confirmed by wetting indicators.

Effect of adding 10% of modified flour to the bread recipe for storage of loaves

The obtained samples of bread loaves obtained using sourdough on wheat flour and
replacement of wheat flour with modified flour were evaluated. One of the problems with the
quality of bread is the frequent cases of microbiological spoilage — mold and potato disease
(especially in summer). To determine the effect of yeast on wine yeast and different types of
flour on the microbiological stability of the finished products, studies were performed at a
temperature of 35—40 °C in provocative conditions to observe the appearance of signs of
potato disease and mold.

The mold was observed on day 8 in the bread sample with the replacement of 10% of
wheat flour with iodized, in the control sample — on the 9th day of storage. According to the
signs of potato disease, it was found in loaves: control sample on the 7th day of storage, with
modified flour — on the 9th day of storage. The development of micromycetes was observed
in loaf samples made using sourdough on a loaf sample with modified flour on the 12th day
of storage and with extruded flour on the 10th day.

The use of ingredients with low aw shows an inhibitory ability to develop potato disease
and micromycetes, which prolongs the storage of bread loaves for 1-2 days. The change in
the component composition of the flour after its modification significantly affected its
technological quality. The use of such a product in the production of food products helps to
extend their shelf life, and, accordingly, for a long time to promote the preservation of
organoleptic properties and to show stability to the action of microorganisms.

Conclusions

1. The indicator of water activity for wheat flour and its modifications is determined,
which is in the range of 0.491-0.619 for native wheat flour and in the range of 0.570-
0.597 for modified wheat flour. According to the general classification, modified flour
belongs to products with low humidity.

2. Theindicator of water activity is influence not only by the content of such compounds
as protein, fat, sugar, but also the structure of the starch polymer. Using samples of
wheat flour with different structure of starch polymer, there is also a pattern of
reducing the water index after modification of the flour.
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3. Modified wheat flour for the value of water activity can be used as a moisture-
retaining component of flour products, which will increase the shelf life of loaves
produced on sourdough by accelerated technology.

4. Correlation coefficients are calculated and a significant impact of the modification
process on the quality of the finished product is showing —flour samples have become
more stable and suitable for a longer period to maintain organoleptic characteristics.
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Introduction. The purpose of the work is to specify the
peculiarities of heat and mass transfer processes during the
frying of meat sausages in glued shells obtained in different
ways from intestinal raw materials.

Materials and methods. Samples of meat sausages in
different intestinal casings were studied: pork bellies; glued
intestinal sausage casings from pork bellies with local thermal
coagulation reinforcement, with local tanning reinforcement,
with continuous tanning and plasticization.

Results and discussion. The temperature Kinetics of
different layers of meat sausages in glued intestinal casings
during their frying were studied. The temperature of raw
material inside the sample is uniformly distributed in the range
from 80 to 90 °C in the investigated frying modes. This
eliminates the negative impact of high temperatures on product
quality due to the formation of substances of pyrogenetic fat
breakdown with an unpleasant taste and odor.

The kinetics of the mass of meat sausages in glued
intestinal casings during their frying is studied. The maximum
rate of weight loss is obtained for the control sample — sausage
in the traditional intestinal shell. The smallest value of the rate
of weight loss has a sample which uses a sausage casing glued
by continuous tanning followed by plasticization with
glycerin. This is due to the lower permeability of the developed
shells to the transmission of fat and water vapor in relation to
the control sample. Glued intestinal membranes have less
permeability in relation to the transmission of fat and vapor of
system water than the traditional intestinal membrane, which
is a more acceptable functional and technological property.

Thermophysical properties of the studied samples are
determined to a greater extent by thermophysical properties of
minced meat, the mass fraction of which is much larger
compared to the mass fraction of the sausage casing.

Conclusions. Regularities of the course of heat and mass
transfer process during frying of sausages in casings from
intestinal raw materials are revealed.
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Introduction

The main technological peculiarities of fried meat sausages are frying on the surface at
a temperature of 140-200 °C (Sukhareva et al., 2021) and use of mostly natural casings
(Heinz et al., 2007). This is the cause of significant losses during the technological production
process, which is about 40% (Toldra et al., 2007).

The peculiarities of the process of meat products’ frying compared to other methods of
heat treatment are that the product is heated not in water or steam, but on the special surface
for frying with the addition of vegetable oil or fat at a temperature of 140-200 °C. During
the use of this method of heating a specific crust is formed on the surface of the product. The
heating of minced meat during frying is characterized by temperature changes at different
points and at different time, i.e. the temperature is a function of coordinates and time. It is
worth noting that the heat and moisture transfer in this process are determined by the heating
regime and the forms of system moisture connection with the material (Zayas, 1981).

On the other side, special attention should be paid to the formation of the protective
properties of casings, as their level determines the degree of technological losses and
economic efficiency of fried meat sausages production (Sidorova et al., 2011).

From the standpoint of resource conservation, an effective way to rationalize the
technological process of preparing fried meat sausages is to use glued casings from intestinal
raw materials remaining after obtaining gut products.

Literature analysis indicates the presence of scientific reports on improving the
technology of glued casings (Domin et al., 2020), known regularities of heat and mass
transfer during meat frying (Skrypnyk, 2015). Quantitative and qualitative indicators of fried
sausages technology in modified shells (Shubina et al., 2015) are determined.

In order to increase the strength and reduce the degree of reversibility of the gluing-
delamination process during the contact with minced meat containing a significant amount
of water, methods of their additional reinforcement using thermal coagulation, tanning and
plasticization have been proposed. It is shown that thermal coagulation, tanning and
plasticization change physical and mechanical properties of shells (Onishchenko et al., 2021).
At the same time, the regularities of heat and mass transfer processes during frying of meat
sausages in glued intestinal casings, obtained in different ways, remain uncertain, which is a
necessary scientific basis for comparing the efficiency of their use. These data are currently
absent in the scientific and practical literature.

Thus, the study of the Kinetics of temperature and mass of meat sausages in the intestinal
casings glued in different ways during their frying is crucial. Their results will scientifically
substantiate the feasibility of using the proposed technical and technological solutions and
increase the resource efficiency of the technology.

The aim of the work is to establish the peculiarities of heat and mass transfer processes
during the frying of meat sausages in the traditional intestinal shell and in the glued shells
obtained in different ways from intestinal raw materials.

To achieve the desired goal, the following tasks were solved:

— To study the temperature Kinetics of meat sausages layers in glued intestinal casings
during their frying;

— To study the kinetics of meat sausages mass in the glued intestinal casings during their
frying;

— To compare the processes of heat and mass transfer and to determine regularities of
their passing during the frying of meat sausages in the traditional intestinal shell and in
the glued shells obtained in different ways from intestinal raw materials.
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Materials and methods
Materials

Samples of meat sausages in different intestinal casings were studied:
control: pork bellies with a diameter of 35-37 mm;
experiment: glued intestinal sausage casings (in one row) with a diameter of 35—-37 mm,
made of pork bellies:
— With a local reinforcing seam using thermal coagulation;
— With a local reinforcing seam using tannage;
— Reinforced with continuous tannage and plasticized with glycerin.

Separated pork bellies, which were previously cleaned of serous, muscular and mucous
membranes, washed, sorted by quality, salted and stored as a salty product were used as
outward raw material. The outward raw material was freed from salt, then washed and kept
in water. Methods of obtaining glued sausage casings are described in detail in [9].

As a control, intestinal casings — pork belly products used in traditional technologies of
making fried sausages — were used. That is, the raw material was the separated pork bellies,
which were cleaned in advance from serous, muscle, and mucous membranes, washed, sorted
by quality, salted, and stored in the form of salted products. The raw materials were desalted,
washed, and aged in water (Hyro et al., 2007).

Preparation of semi-finished meat sausages in glued casings

Meat sausages were prepared by the following recipe (Rohov et al., 1993), kg/100 kg:
lean pork semi-fat — 100; table salt — 1,8; white sugar — 0,2; ground black pepper — 0,25; fresh
peeled crushed garlic — 1,0. In order to bring the moisture state of the minced meat to modern
technological conditions, 30% water was added to the minced meat composition that is
mixed. In order to form a monolithic structure of the finished product, 1/2 of the semi-fat
skimmed pork was crushed on a meat comminutor with a lattice hole diameter of 14-20 mm,
and the other 1/2 with a lattice hole diameter of 3—4 mm. The obtained minced meat was
mixed with spices in a mixer, water was added, mixed again and left for pickling for 8-10 h
at a temperature of 6-10 °C.

After loose filling and knitting, the sausage loaves were blanched in water at a
temperature of 85-90 °C for 5 minutes, then placed on a greased surface and fried at a
temperature of 140-150 °C for 20 minutes on each side. Cooling was carried out to a
temperature in the loaf thickness of 8°C.

Samples of sausages, for which the frying process was studied (Bozikova et al., 2017),
were made using a parallelepiped frame (Figure 1). The framework is made of a steel wire
with plastic isolation. The dimensions of the frame a xb xc, respectively, were 30x30x100
mm. 5 thermocouples were placed between the frame guides at a distance of 7,5 mm from
each other, as shown in Figure 1.

Next, a sausage casing, tied on one side, stuffed with minced meat and tied on the other
end, was stretched on the frame along the guides.

The test sample was placed on a frying surface preheated to a temperature of 140-150
°C and lubricated with vegetable oil (Naghavi et al., 2018). The sample was placed on the
surface for frying with the plane axb (Figure 1).
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Figure 1. Parallelepiped frame for making samples of sausages used in the study of the
frying process, and the layout of thermocouples in them

Methods of research of heat and mass transfer processes during the frying of
sausages in glued intestinal casings and in control sample

Thermograms obtained during the frying of the control sample are shown in Figure 2.
They are signals from thermocouples placed as shown in Figure 1. Thermocouple number VI
is fixed on the surface for frying.

Frying from side 1 was performed until the temperature inside the sample
(thermocouple IIT) reached the value of 70 °C. Duration of frying side 1, as can be seen from
Figure 2 (first dotted line), is 20 minutes.

The sample was then inverted and fried for 1, i.e. 20 minutes.

After frying the sample for 40 minutes, heating of the frying surface was stopped
(second dotted line). The product was cooled to room temperature. The cooling process to
room temperature took 44 minutes. During the frying and cooling of the samples, their current
weight and time were recorded.

Extensive evidence of various parameters obtained in the course of research. Their
mathematical processing was carried out in order to check the degree of probability of the
obtained data, to establish certain relationships between them, to present the results of
processing in graphical form. Processing was performed using the Mathcad software
package, which contains a wide range of procedures for solving problems of statistical
analysis, interpolation, data smoothing, regression and correlation analysis (Snezhkin et al.,
2019).
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Figure 2. Thermograms obtained during frying and cooling of the control sample:
I, 11, 11, 1V, V —thermocouples (from Figure 1);
VI — thermocouple mounted on the surface for frying.

Results and discussion

Temperature kinetics of different layers of meat sausages in glued intestinal
casings during their frying

At the time of flipping, the temperature at evenly distributed points of thermocouples I,
IL I, IV, Vis 98 °C, 86 °C, 70 °C, 56 °C and 48 °C, respectively, due to their distance from
the frying surface. Flipping and additional frying, on the other hand, mostly gives opposite
results concerning peripheral thermocouples. There is a slight increase in temperature (by 2—
3 °(C), associated with an increase in the duration of thermal contact. The direction and the
nature of temperature changes in the cooling phase are close to all thermocouples. The curves
are finally smoothed in the interval (70—74)-60 s, with the temperature values of about 20°C.

The nature of thermograms for the samples of meat sausages in glued intestinal casings
is similar to the thermograms for the control sample (Figure 2). It is assumed that the analysis
of thermograms by characteristic points for the control sample is valid for thermograms for
other test samples. The differences are in the position of these characteristic points, which is
reflected in the nature of the dependence of the moisture content of the studied samples in
the process of frying and cooling.

Obviously, the nature of thermograms is determined by how close a certain layer of the
test sample is to the heat source, the function of which is performed by the surface for frying.
The most sensitive are the layers with thermocouples: | — before turning the sample on the
surface for frying; V — after inversion of the sample on the surface for frying. These layers
are heated the fastest, respectively, the first before inversion of the sample, and the second —
after. After inversion of the sample, the layer with thermocouple | is cooled, as it is found the
furthest from the heat source and borders on the environment. As for the layer with
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thermocouple V, its heating is the slowest for the same reasons before inverting the sample.
Accordingly, after turning — the layer heats up at the highest speed.

The layer for which the distance from the heat source is constant and which is a kind of
«indicator» of the product’s readiness, is the central layer of raw materials (thermocouple
I11). It heats up at an intermediate rate before turning over. After inversion, its temperature
rises to 75-80°C and is kept constant due to the heat accumulated by the layers with
thermocouples | and Il and due to heat supply from the heat source through the layers with
thermocouples 1V and V.

Let us consider the characteristic points of the obtained thermograms.

As noted above, the most sensitive to changes in surface temperature for frying
(thermogram V1) is the surface layer (layers with thermocouples: | — before inversion of the
sample on the surface for frying; V — after inversion of the sample on the surface for frying),
i.e. the layer in direct contact with heat source. The thermograms of these layers have
characteristic inflection points A and A/, which correspond to the beginning of intense
evaporation from the surface of the sample. At these points begins intensive loss of the
sample mass to be fried.

The thermogram of the central layer (thermocouple I11) has an inflection point B. The
presence of this point indicates that at a temperature of 35-40 °C internal endothermic
processes are completed and more intense heat accumulation begins by the inner layers of
the sample.

To analyze the temperature distribution over the volume of the sample, the created
temperature fields are shown in Figure 3.

100

80

60

40

d, mm

0

0(I) 7.5(11) 15(I1)  22.5(1V) 30(V)

Figure 3. Temperature fields inside the control sample during frying and cooling at different
times, min.:
1-10; 2-20; 3—30; 4—-40; 5-50; 6 —60.
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Temperature fields were constructed according to the data obtained from thermocouples
placed inside the sample, as shown in Figure 1, at intervals of 10 minutes. The start time and
end time (last 14 minutes) are not given, because the temperature values from all
thermocouples are close to room temperature at these time points.

Figure 3 shows that the largest temperature gradient occurs in the first 10 minutes (1)
because thermocouple 1 is the closest to the heating surface. As a result, a convective heat
transfers to the sample through the shell. Next, the temperature gradient decreases (2) due to
the heating of the inner layers of the raw material. After inversion of the sample, the
temperature gradient changes its sign, but its value is insignificant. It should be noted that 30
minutes after the beginning of the frying process at a surface temperature for frying 140-150
°C, the temperature of the raw material inside the sample is uniformly distributed in the range
from 80 to 90 °C. This, firstly, indicates the readiness of the product (Vujadinovi¢ et al.,
2014), and, secondly, eliminates negative influence of high temperatures on product quality
due to the formation of pyrogenetic cleavage of fat with an unpleasant taste and odor (Gruji¢
et al., 2014).

The differences between the temperature fields during frying for the test samples and
for the control sample are within the error. The temperature values between the respective
layers of raw materials inside the samples differ by no more than 3— 7%. The mass fraction
of sausages, i.e., minced meat, is much higher (more than 98%) compared to the mass fraction
of sausage casings (Marcus et al., 2013). Thus, thermophysical properties of the studied
samples are determined mostly by thermophysical properties of minced meat, that is the same
for all samples (Akpan et al., 2017). The indicated allows to use glued intestinal casings in
the technology of making meat sausages without any changes in the relevant technological
schemes.

Kinetics of the meat sausages mass in glued intestinal casings during their frying

Kinetics of the mass of the studied samples of sausages during frying and cooling is
shown in Figure 4. On the y-axis of the graph the mass of the sample is plotted and normalized
to its original value.

These dependences were determined by approximating the obtained experimental data
by a polynomial function of the form:

P
m(z) = Zan ",
n=0

where m is the current relative weight, kg/kg; = — current time, s; P — the degree of the
polynomial.
The optimal degree of the polynomial was determined by the minimum ratio

N P
Z(mi—Zan-r”j
'O-riin = —

N-P-1

The values of the approximation coefficients for different samples are given in the Table

1.

Kinetics of the studied samples mass are of the same nature: the mass decreases
monotonically during the process of frying and subsequent cooling. Obviously, the decrease
in mass is due to the evaporation of system water and the leakage of fat through the used
shells (Behailu et al., 2020).
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Figure 4. Kinetics of the control sample (1) mass and samples in the shells:

2 —glued sausage casings, reinforced with the use of local thermal coagulation;
3 —glued sausage casings, reinforced with the use of local tannage with a solution of tannin;
4 — sausage casings glued by continuous tannage followed by plasticization with glycerin.

Table 1
Values of approximation coefficients for different samples

Samples in the shells ao a1, x10° | az, x10* | as, x10° | a4, x10°
Control sample 1.210 -2.091 -3.020 5.142 -2.344
Glued sausage casings, 1.213 -1.044 -2.500 3.621 -1.331
reinforced with the use of
local thermal coagulation
Glued sausage casings, 1.210 -1.670 -2.261 4.310 -1.838
reinforced with the use of
local tannage with a
solution of tannin
Sausage casings glued by 1.212 -9.975 -2.381 3.617 -1.429
continuous tannage
followed by plasticization
with glycerin
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However, the given kinetics of mass differ in the different angle of inclination to the
abscissa axis, on which time is set, and in the different final mass. The angle of inclination
to the axis on which time is set, is determined by the rate of weight loss by the samples under
research. It is possible to determine kinetics of the rate of mass loss by finding the time
derivative of the approximation function. Kinetics of the rate of weight loss obtained in this
way for the studied samples are shown in Figure 5.

The nature of these dependences is similar, i.e., there is a monotonic increase in the rate
of weight loss, reaching the maximum speed and a monotonic decrease in this characteristic.
Obviously, due to the heating of the sample, the evaporation rate of system water increases,
respectively, reaching the maximum value at the investigated temperatures. The same
concerns the leakage of fat, which melts at temperatures above 3942 °C (Kamenik et al.,
2018).

-dm/dfr,
(kg/kg)/sec

T-6071, sec.\

30 40 50 60 70 75

Figure 5. Kinetics of the rate of weight loss of the control sample (1) and samples in the shells:
2 — glued sausage shells, reinforced with the use of local thermal coagulation;
3 —glued sausage casings, reinforced with the use of local tannage with a solution of tannin;
4 — sausage casings glued by continuous tannage followed by plasticization with glycerin.

Due to the reduction in the amount of system water that can evaporate at the
temperatures under study and the amount of fat that leaks out, the rate begins to decrease in
the process of frying (Hwang et al., 2020). And during cooling, the rate of weight loss tends
to zero, due to a decrease in the intensity of these processes (meaning the evaporation of
system water, melting and leakage of fat) and their gradual cessation (Huebner-Keese et al.,
2016).
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It should be noted that the maximum rate of weight loss was obtained for the control
sample (curve 1 in Figure 5). For samples of glued reinforced sausage casings, it has an
intermediate value among the studied samples (Mellema et al., 2003). The smallest value of
the rate of weight loss has a sample that uses a sausage casing glued by continuous tanning
followed by plasticization with glycerin.

This happens due to lower permeability of the developed shells to the transmission of
fat and water vapor in relation to the control sample. It should be assumed that this is the
reason for different final mass of the samples under research.

Thus, the study proves that the developed shells have less permeability to the
transmission of fat and vapor of systemic water compared to the traditional intestinal
membrane, which is a more acceptable functional and technological property.

Conclusions

Based on the analysis and comparison of the obtained results, the regularities of heat
and mass transfer processes during frying of meat sausages in the traditional intestinal shell
(pork belly) and in glued shells obtained in different ways from intestinal raw materials were
specified.

1. Research of the temperature kinetics of different layers of meat sausages in glued
intestinal casings during their frying showed that the temperature of raw materials inside
the sample for the studied frying modes is uniformly distributed in the range from 80
°C to 90 °C. It is noted that this eliminates the negative impact of high temperatures on
product quality due to the formation of substances of pyrogenetic breakdown of fat with
an unpleasant taste and odor.

2. Research of the kinetics of meat sausages mass in the glued intestinal casings during
their frying showed that the maximum rate of weight loss was obtained for the control
sample — sausage in the traditional intestinal shell (pork belly). It was found that the
lowest value of the rate of weight loss has a sample that uses sausage casing glued by
continuous tannage followed by plasticization with glycerol, due to lower permeability
relatively to the control sample of the developed casings to the transmission of fat and
water vapor. The weight loss in the glued intestinal membranes was reduced by 6-11%
compared to the control sample made in pork bellies.

3. It is proved that thermophysical properties of the studied samples are determined to a
greater extent by thermophysical properties of minced meat, the mass fraction of which
is much larger (exceeds 98%) compared to the mass fraction of the sausage casing. It is
proved that thermophysical properties of sausages in the intestinal membrane differ
from sausages in glued intestinal casings by no more than 3-7%, i.e., within the error.
It was found that glued intestinal membranes have less permeability to the transmission
of fat and steam of systemic water in relation to the traditional intestinal membrane,
which is a more acceptable functional and technological property.
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AHoTauii
Xapuosi TexHonorii

Brniue Temnepartypu 30epirannst Ha Tekctypy cupy «Kamkasam»

Ianun IBaHOB!, ATaHacKa MapKOBal,
Tabop 3iBaHoBin?, Muxaena Isanosa’
1 — Vuisepcumem xapuosux mexnonoeiu, Ilnosous, boneapis
2 — Incmumym 36epesicenss ma sikocmi npooykmis xapuyeannsi, 1lnoeous, boneapis

Beryn. Mera wmi€i crarTi — IOCHIAWTH BIUIMB TeMIlepaTypu 30epiraHHs Ha
napaMeTpu TeKCTYPH CHPY 3 KOPOB’s190ro Mosoka «Karkasai.

Marepianun i meronu. 3pa3ku cupy «KamkaBam» roryBaiu 3a KIaCHUHOIO
TEXHOJIOTIEN0 1 30epiraiu npu pisHux Temneparypax (4,0+1,0 °C; 1,0+£1,0 °C; 7,5+0,5 °C Ta
-18,0+1,0 °C). Amnaii3 TeKCTypH IPOBOIMIN aHaizaTopoM StableMicroSystems TA-XT2i,
OCHAIIICHUM 3aBaHTAXXYBaIbHUM eleMeHToM 50 Kr.

Pesynbratn i obrosopennsi. Crioctepiraiacs 3Ha4Hy Di3HHUIS Yy 3HAYCHHSX
NIOKa3HWKa TBEPJOCTI MIXK 3pa3KaMHu CHpY, IO 30epiraroThcsi B OXOJOMKEHOMY CTaHi, Ta
TUMH, 110 30€piraroThcs B MEPEOXOIOMKEHOMY 1 3aMOPOXKEHOMY CTaHaX. 3i 30LIbIICHHIM
TeMIIepaTypH 30epiranHs cUpy croctepiraiacs TeHaeHuis 10 3HwkeHHs (p <0,05) 3HaueHb
NOKa3HWKa 3ropTaHHs. Temmeparypa 30epiraHHsi Maja BUPIIIAIbHUNA BIUIMB Ha 3MiHU
npyxHocTi cupy. binbin Bucoki temmneparypu 36epiranns (4,0£1,0 © C) cynpoBomKyBaich
3HAYHUM 3HIDKEHHSIM HPYXHOCTI cupy. 30epiranus cupy «KarkaBam» B 0XOJIOIHKEHOMY
CTaHl CyIpPOBOXKYBAJIOCh 3Ha4HUM 30unbineHHsIM (p <0,05) iforo anmresuBHocti. Ils
TEHJISHIIISl TOCUIIIOBANIACs 3 IJIBHUIICHHIM TeMmmeparypu 30epiranHs. 3i 301IbIICHHSIM
TeMIIepaTypH 30epiranHs Cupy criocrepiranocs 0inbin 3HauHe 3HmkeHHs (p <0,05) 3HaYeHb
iHmeKcy kierkocti. OCKUIBKM BCI TP TOKAa3HUKM 3HMXKYBAIUCh Y TIpoleci 30epiraHHs B
YMOBaX OXOJIO[KEHHS, 11€ CYTTEBO BIUIMHYJIO Ha KIEHKICTb.

BucHoBok. bBinbin iHTEHCHBHI 3MiHM TEKCTYpH JOCHIPKYBAaHUX 3pasKiB CHUPY
«KamikaBa» criocrepiranucs 3 MiIBUIICHHIM TeMIiepaTypu 30epiraHHs.

KunrouoBi ciioBa: cup, kawikasan, 3b0epicanna, cup-nacma, meKcmypa.

XapyoBa HiHHICTH 0iJiKka B MIIEHUYHO-)KUTHHOMY XJIi0i, BUTOTOBJIEHOMY 3
A0JABAHHAM OOPOLIHA 3 HH3HKOAJIKAJIOIAHUX COPTIiB JIOMUHY

Su KnoOykoscbkuii®, Mapskena Jlanoscbka-O3epuu’,
®inin Knobykoscekuit?, Kpucruna CxiGHeBchKal
1 — Vuisepcumem Bapmii ma Mazypu é Onvwumuni, Onvumun, Tonvwa
2 — Meouunuii ynisepcumem I 0ancoka, I dancok, Tonvwa

Beryn. Mera nocnmipkeHHS — OIHATH Xap4oBY IIHHICTH OiNKa B MIICHUYHO-
KUTHROMY XJi0i, BUTOTOBICHOMY 3 JOAAaBaHHSAM OOpOIIHA 3 HHU3BKOAIKAIOIAHUX COPTIB
JIFOTIUHY.

Marepian i meTtogu. Jlns BUTKaHHS MIIEHAYHO-)KATHHOTO XJ1i0a BUKOPHCTOBYBAJIHI
6opomrHo i3 copTiB >koBTOroO JronmHy FOHOHa, [omo, Jlerat 1 Mapkiz. Y xumi0i Bu3Ha4Yamu:
BMicCT OiJTKa, 32aCBOIOBAHICTh OiJTKa, aMiHOKUCIIOTHUH CcKiaf, edekTuBHUN BMicT Oinka (EP),
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ximiuauii mokasHuk (CS), iHmekc Hesaminamx amiHokuciaoT (EAAI), chpaBxkHIO
3acBoroBaHicTs Outka (TD), 3acBoroBaHiCTh OiJIka, CKOPUTOBaHWI MOKa3HHK aMiHOKHCIOT
(PDCAAS) Ta xoedinient edexruraocti Oinka (PER).

Pesyabratn i obroBopennsi. CriocrepiraeTbcsi TEHACHIIS 30aradyBaTd 3€pHOBI
MIPOAYKTH, IO BUTOTOBJISAIOTHCS 3 MIIEHUII Ta MIIEHMYHO-)KUTHIX CyMimied, OOpOITHOM,
OTPUMAaHUM 3 IHIIUX POCIMH, TAaKUX SIK JIIONHUH, 3€JCHHH TOPOIIOK, KBACOJs, KOHOIUIS Ta
rpeuka. LliHHICTH Takoro GOpOIIHA MiATBEPIKYETHCS (DYHKIIOHAIEHUMH BJIACTUBOCTSIMH,
30KpeMa pPO3YMHHICTIO, E€MYJIbIyBaJIbHUMH, IiHOYTBOPIOBAIGHIUMHU Ta IKEIIOBAJIHLHUMHU
BJIACTHBOCTSIMM, 3JaTHICTIO YTPUMYyBaTH Boay. JlomaBaHHs JronmuHOBOrO OoporiHa Ta
O1JIKOBUX 130JIAITIB 3 HACIHHS JIIOITMHY HE BIUIMBA€E HA CMaK KiHIIEBOTO POAYKTY. JlomaBaHHs
JIIOIIMHOBOT'O OOPOIIIHA MPHU3BEJIO JI0 MiIBUIIEHHS BMICTY 3arajibHOro OiJKa i HepeTpaBHOro
Oinka B xui6i. Haioinemmii npupict EP, CS, PDCAAS ta EAAI criocrepiraBes mia yac
30araueHHs xJ1i0a 6oponrHoM copTy [Tomo. Cyrrepux 3Mmin y PER He 3adikcoBano. Binok y
MPOAYKTaX 3 JIIONMWHOBMM OOpOIIHOM MICTUTH Oijbllie JICHIMHY, JIi3WHY, acrapariny #
apridiHy TOpPIBHSHO 3 KOHTPOJBHMM 3pa3koM. JlogaBaHHs JIIONMHOBOro OOpOIIHA 0
MIIEHWYHOrO XJi0a 3HAYHO IMOKPAIIYe SKICTh 1 KUIBKICTh OlJIKa Ta XapuoBUX BOJIOKOH Y
KiHIIeBOMY mpoaykTi. Bucoki 3nauenns inpekciB PDCAAS Tta PER parors 3mory
NOPiBHIOBATHU O1JIKH JIIOITUHY 1 O17IKK 6000BUX POCIHH 3 OLIKAMH TBAPHHHOTO TIOXOJKEHHSI.

BucHoBkHu. bBiloK HU3BKOAJKAJIOIMHUX COPTIB JIIONHMHY MiABUILYE XapyoBY LiHHICTh
xJ1i6Horo Oinka, TOMy HOro il peKOMeHayBaTH AJsl BUPOOHHITBA X1i0a.

Karo4oBi ciioBa: xui6, nronun, 610K, 3aC60106aHICMb

OOrpyHTyBaHHS PalliOHAJBHOI0 CIOCO0Y OYHMIIIEHHSI COKY COPIO LYKPOBOIro B
TEXHOJIOTil OTPMMAHHA Xap4y0BOro CHpPOIY

Haranis I'puropenko, Haraunis ['ycsituncbka, Onbra Kanenuk
Hayionanvnuti ynigepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Meroto  mocmijpkeHsi € BCTAHOBJIGHHS 3aKOHOMIPHOCTEH  BWJIAJICHHS
BHUCOKOMOJIEKYJIIDHUX 1 OapBHHX CIOJYK MpPU PI3HUX CIOCO0aX OYHMINEHHS COKY COpPro
IyKPOBOTO ISl OTPUMAHHS Xap40BOI'0 CHPOILY.

Marepianu i MeToau. [y OTpMaHHS Xap4oOBOr0 CHPOITY BUKOPHCTOBYBAJIH TiOpua
copro 1ykpoBoro Mamont. HatuBHwMii Cik copro miasiraB epMeHTaTUBHOMY OOpPOOJICHHIO
3 METOI0 TiJpoii3y Kpoxmairo. J[s BUIIydeHHs i3 COKY COpPro IyKpOBOTO PO3YHMHHHX
HEIYKpiB, 30KpeMa, BHCOKOMOJEKyIspHuUX crmoayk (BMC) 1 0OapBHHX pedoBHH
3aCTOCOBYBAIM KaTiOHHUI (PIOKYISAHT MOJIireKcaMeTwlIeHTyaHiauH rigpoxmopun (III'MIT
I'X) Ta npuponuuii MiHepaIbHUN COPOCHT — IEOMIT-KIMHONTWIONIT. s iHTeHcudikarmii
TEXHOJIOTIYHOTO MPOIIECY OYHUILEHHS 3aCTOCOBYBAIM MeMOpaHHI MeTonu (imbTpyBaHHS Ta
10HOOOMIHHE OUYMIIIEHHS.

Pe3yabTaTu i 00roBopeHHs. 3aBASKA BUKOPUCTAHHS EOJITY 38 ONTUMAJIBHIX BUTPAT
0.8-1,0% no macu coky nocsraerbesi edexr 3HeOapBieHHS Ha piBHI 41-46%, a edexr
sunanesas BMC — 20-22%.

BukopucTanHs 1€0NiTy B OYHINCHHI COKY COpPrO y TOEIHAHHI 3 MeMOpaHHUMH
MeToAaMH (IIBTPYBaHHS, TAKUMHU SK MeXaHiuHe (imbTpyBaHHS i YynbTpadilbTpyBaHHS,
MPU3BOANTE A0 TOKPAIICHHS TEXHOIOTIYHWX IIOKAa3HWKIB COKY COpro. 3a IMX YyMOB
OYHIIEHHS OTPUMAHO CiK COPro IyKpoBOro i3 urctoToro 90.72% ta 3ab6apeneHHsIM 245.8 ox.
ICUMSA, a edexr ounmienns, Bunaneaas BMC Ta OinmkoBux pedoBuH ckiaB 46.1, 82.3 i
69.5%, BimmoBimHO. 3a YMOB IOMOBHEHHS CIIOCOOY 1OHITHHM OYHIICHHSM OTPHMA€EMO
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miaBHIIeHHS edeKkTy ounnieHHs, BunaieHHss BMC Tta 6inkiB BimoBinHo 10 BenuuuH 51,9,
98.5189.2%.

3anpornoHoBaHi CIIOCOOM OYHIIEHHS COKY COPro IYKPOBOTO € e€(heKTHMBHUMH IOJO
BrirydeHHs1 BMC, OinkiB Ta OapBHUX CITONYK 1 3a0€31e€4yI0Th OTPUMAaHHS XapuOBUX CHPOIIiB,
y SIKMX 30aJ1aHCOBaHO ONTHMAJIbHE CITIBBIJHOLICHHS BYTJIEBOJIB Caxapo3W Ta TJIIOKO3M i
¢dpyxrosu (65:35)% 0o Macu 3arajbHOI KUTBKOCTI ITyKpiB.

BucnoBku. Haiikpamii mokasHUKH SKOCTI MajJH CHPOIH, OTPUMaHi 3 BUKOPHCTaHHIM
a/IcCOpOLIHOTrO OYMIIIEHHS [IEOTITOM, MEMOPaHHOTO (iIbTPYBaHHS Ta I0HITHOTO OUMILIEHHSI.

KunrouoBi ciioBa: copeo yykpose, cupon, noxyaanm, yeonim, yiompaginempayis.

@epMeHTATHBHMUIA TiAPOJIi3 IAKTO3M B KOHIEHTPATAX Bi/IHOBJICHOI JeMiHepanizoBaHOl
CHPOBATKM, NPU3HAYEHMX JIs BHPOOHULITBA MOPO3MBa

Tersna Ocepmak!, Cranicinas Mneko?, Okcana bacc!,

Apryp Muxanesuu', Ynsana Kyspmux?
1 — Hayionanenuii ynisepcumem xap1osux mexronoeit, Kuis, Ykpaina
2 — JliobOnincwruil ynisepcumem nayku npo scummsi, Jloonin, [lonvwa

Beryn. JloBeneHO OMLIIBHICTH 3aCTOCYBaHHS —(DEPMEHTOBAHHUX KOHIICHTPATIB
BiJIHOBJICHOI JieMiHepasi30BaHol MiICKPHOI CUPOBATKH SIK JPKEpesia CUPOBATKOBUX OLIKIB 1
MOHOIIYKPIB Y CKJIa/ii MOPO31Ba.

Marepianun i meroau. JocmimkeHo (i3HMKO-XIMIUHI [MOKA3HUKH BIJHOBIIEHUX
(depMeHTOBaHMX 1 He)EpPMEHTOBAHMX KOHILIEHTPATIB JEMIiHEPaTi30BaHOI  IIiJACHPHOI
CHPOBAaTKH 3 BMICTOM cyxux pedoBuH Bifg 10 mo 40%. Bwmict nakTo3um BH3HauYamu
MIPUCKOPEHUM KOJIOPUMETPHUYHUM METOAOM, aKTUBHICTh BOJIM — Ha aHAII3aTOPI aKTUBHOCTI
BOJIH.

PesyabraTtu i obroopenHsi. PamjioHanbHi pexuMu (QEepMEHTATHBHOTO TiJIpoJi3y
JIAKTO3M B KOHIIGHTpATax BiJHOBJICHOI JeMiHepasIi30BaHOI MiJCHPHOI CUPOBATKH 3 BMICTOM
10-40% cyxux peuoBuH: 3a Temmeparypu 40-43 °C i pH 6,1-6,6 pexomennoBana 1o3a
pimkoro ¢epmentroro npemapaty GODO-YNL2, onepxatnoro 3 apixmwkis Kluyveromyces
lactis, mis xoHmeHTpatiB 3 BMicToM jakto3u 7,7-30,8% — B miamasoni Bix 0,1 mo 0,4 %.
TpuBaicts epMEHTATHBHOIO TIAPOMI3y 32 BKa3aHUX YMOB YIPOIOBXK 4+2 roJ 3a0e3nedye
CTYNiHb TiApONi3y JakTo3u He Hwk4e 70%. 3 MeTor MiIBHINEHHS CTYNEHS TiApoii3zy
JIAKTO3U OJHOYACHO 3 (PEpPMEHTHUM IIPEHapaToM Y BU3HAYCHHUX KiTBKOCTAX 3aCTOCOBAHO
OJIHOMITAMOBY JTio(inizoBany mpobiotnuny kyaeTypy «L. acidophilus LYO 50 DCU-Sy.
Bropomosx mepmux 4 ron CKBAIlyBaHHS AKTHBHA KUCJIOTHICTH 3pa3KiB CHPOBAaTKOBUX
KOHIIGHTPATIB JOcCsra€ 3Ha4eHb, HEe HIK4MX pH=5,7-5,9. 3a Bka3aHOI KHCIOTHOCTI
¢depmentauit npenapar GODO-YNL2 mnposiBiisie JOCTaTHIO aKTHBHICTh, a MPUCYTHICTh
MPOAYKTIB TiZPOIi3y JIAKTO3M HE3HAYHO cTHMYIoe po3surok L. Acidophilus. 3a paxymok
CHUTBHOT TipOi3yrouoi Jii (hepMEHTHOro Ta 3aKBallyBaJbHOIO MpenapaTiB BOPOIOBK 6—8
rofl MOKHA JOCSTTH CTymeHs rigpomizy nakro3u 80-85%. IlepcrnekTHBOIO MOAANbIINX
JIOCTIDKEHb € po3po0Kka HayKOBO-OOTPYHTOBAaHMX pEHENTyp MOpO3MBa HAa OCHOBI
TiPOTI30BaHMX KOHIICHTPATIB BiTHOBICHOI (DepMEHTOBAHOI CHpPOBAaTKA. MOpO3HBO,
36arayeHe CMpPOBAaTKOBMMH Oikamu Ta TpoGioTnuHO0 KynbTyporo L. acidophilus, Takox
Oyne BiIpi3HATUCS 3HIKCHAM BMICTOM IUITYKPIiB — I[YKPO3H Ta JIAKTO3M.

BucHoBk#H. /[oBeZICHO MOXIIUBICTH TTiIBUIIICHHS €(EKTUBHOCTI )EPMEHTOII3Y JTAKTO3H
B KOHIIGHTpaTaX BiJHOBIICHOI JeMiHepali3oBaHOI MmiICHpHOI cupoBaTkd 10 80-85% 3a
crinbHOI crienudivnoi nii pepmentHoro npenapaty GODO-YNL? i 3akBacku Ha OCHOBI L.
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Acidophilus.  Tlpomykt  depMeHTONi3y  sBJIS€  TEXHOJOTIYHMH  iHTepec  fIK
6araro(yHKITIOHAJILHAHN 1HTPEIIEHT Y CKIIali MOPO3HBa.

Kawuosi ciioBa: cuposamxa, naxmosa, pepmenmonis, f-earaxmosuda, Lactobacillus
acidophilus, moposuso.

AHTHMIKPOOHI BJIACTHBOCTI 0J1ii 3 HACIHHS iH/KHPY IK KOMIIOHEHTY IIIBOK HA OCHOBI
XiTo3aHy

Hinpy6a baiikapa, Ecpa IlinaBui,
Mexni Mepan, 3irai Onyp Hlanumkanep
Yuisepcumem Ycxiooap, Cmambyn, Typeuuuna

Beryn. Mera nociiokeHHS — OOTPYHTYBAaHHS CHHEPreTHYHOIO 301IbIIEHHS
MIPOTUMIKPOOHOI 3[aTHOCTI TMOJIMEPY XiTO3aHy, 3aCTOCOBYIOYM 3a PI3HHX YMOB OJIIO 3
HaCiHHSI IHXKUPY, OJII0 3 sSAep CIIMBH Ta aOPUKOCOBOI KICTOUKH.

Martepianu i metogn. IIpoTHMikpoOHY Hit0 ONili MPOTH NMEBHHUX BHIIB OakTepii
oumiHroBamM 3 / 0e3 XiTo3aHy 3a JONOMOrOK arapoBOoro Jucka / JyHKH Ta
CHEKTPO()OTOMETPHUUHOTO BUMIPIOBaHHS. BHTOTOBISIM TOHKI IUTIBKK XiTO3aHY, 30araucHi
OJIiSIMHM, ISl IEPEBIPKH SIK IPOTHIPUOKOBHX, TaK i aHTHOAKTEpiaIbHUX e(EKTIB, a TAKOXK y
HOBCSKAEHHOMY 3aCTOCYBAHHI.

Pe3yabTatn i o0roBopennsi. He3Baxaroum Ha Te, 10 MH HE 3MOINIM JOCATTH
3HA4YHOTO e()eKTy B yMOBaxX KyJIbTYpH, OJlisl 3 HACIHHS iHXUPY OKpeMo abo B MOEJIHAHHI 3
OJIi€10 KICTOYOK abpuKOoca i CITMBH 3MOTJIa MOKPAIIUTH BIACTUBOCTI IIPOTH TICYBaHHSI TUTIBKH
XirozaHy. Xo4a CKHMOOUKM CBDKOIO JIMMOHA 1 OaHaHa, OOrOpHYTI JHIIE 3BHYAHHOIO
Xap4OBOK IUTIBKOIO, JIEMOHCTPYBAIM MOBHE TOTIPIICHHs CTaHy, IUTIBKA XiTO3aHy MOrJa
CYTTEBO TPHUIIMHHUTH TCyBaHHs. [l UUX MPOMYKTIB, OCOOJMBO YIIAKOBAHUX ILIIBKOIO
XiTO3aHy, 30araueHor0 OJI€I0 3 HACIHHS IHXXHUPY, CIOCTEpiraBcs Maike OBHUN 3aXHCT Bij
MIKpOoOHOro ncyBanHs. [IpoBe/ieHO MOIENIOBaHHS IS OLIIHKY Mepe0auyBaHUX B3aEMOJIIiH
MIX ONIMHMMH CIOJyKaMHU Ta XiTO3aHOM. MU NPUITYCTWIIM, IO HAWOUIBII MOTEHIIHHO0
CHOJIYKOIO Y BCIX OJIMHUX eKCTpakTax € OeHzanpierin. 3a jporomorotro H-3B’s3ky Oyio
BHU3HAYEHO B3aEMO3B’SI30K MK (DYHKI[IOHAIBHUMHU TPYIIAMH MOJIEKYJIH XiTO3aHy Ta
OeH3aJIberiy NUIIXOM OOYUCITIOBAIbHOrO aHamizy. lle Moxke OyTH OTHHMM 13 MOXIIHBUX
(haxTopiB, 110 CIIOCTEPITaETHCSI B OJIiT 3 HACIHHS 1HXKHUPY, & TAKOXK B 1HIIKUX €KCTPAKTaX Oil,
10 ebeKTy ICyBaHHS TaKyBaJbHOI IUTIBKMA HA OCHOBI XiTO3aHYy.

BucHoBku. JlonaBanHs oiii 3 HACIHHS IHXHPY OKPEMO a00 B IO€AHAHHI 3 PI3HUMH
eKCTpaKTaMH B Xap4OBi YIIAKOBKH € MEPCIIEKTHBHUM 3 TOYKH 30Dy MPOJOBKEHHS TePMiHY
MIPUIATHOCTI XapYOBHUX MPOAYKTIB HA JAEKiJIbKa JTHIB.

Ku104oBi cioBa: anmumikpobHuii, niiexka, ynakoexad, HaACiHHs IHCUpY, OJlisl.

AHTHOKCHIAHTHA XapaKTePUCTHKA HeTPaIUuLiiiHOI NMPSIHO-apOMATH4YHOI 0BO4YeBOi
CHPOBHHH /ISl TEXHOJIOTII PeCTOPAHHOI0 IOCNOJAPCTBA

Onekcanap Xape6al, Oner Kyssmin?, Onena Xape6a?, Biktop MapuHueHKo?,
Mapraputa Kapnyrina?, Ipuna Kopenpka?
1 — Hayionanenuii ynisepcumem 6iopecypcie i npupoookopucmyeganns, Kuis, Yxpaina
2 — HayionanwHuil ynieepcumem xap4osux mexnono2it, Kuis, Yxpaina

Beryn. MeToro gociipkeHHs € BU3SHAYSHHS aHTHOKCUIAHTHOI 3IaATHOCTI HETPaAUIIIHOT
JUTS TEXHOJIOTi PECTOPaHHOTO TOCMOAPCTBA MPSHO-apOMATHYHOI POCITUHHOI CHPOBUHH.
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Martepianu i MeTonu. AHTHOKCHUAAHTHY 3/aTHICTH IPSHO-apOMaTHYHOI POCIHUHHOI
cupoBHHH: Ticomy Jikapceekoro (Hyssopus officinalis L.), 3Mi€eronoBHHKY MOJNIaBCHKOTO
(Dracocephalum moldavica L.), nodanty anicoBoro (Agastache foeniculum L.), menicu
numonHoi (Melissa officinalis L.), Bacunbkie cripaxnix (Ocimum basilicum L.), dhenxento
oBoueBoro (Foeniculum vulgare Mill.), xpusantemu oBoueBoi (Glebionis coronaria L.),
4yabepy camoBoro (Satureja hortensis L.), Bu3Hauasu 3a METOZOM peloKeMeTpil Ta pH-MeTpii
BOJTHO-CIIMPTOBUX HACTOIB; CEHCOPHI ITOKa3HUKH — 32 €KCIIEPTHUM METOJIOM; PEe3YJbTaTH
MaTeMaTHKO-CTATUCTHYHOI 00pOOKH — 3a METOIOM JIiHiHHOT Kopesii [Tipcona.

PesynbtaTi i o0roBopenHsi. BonHeBuil Moka3HUK Ui BOJHO-CIIMPTOBHUX HACTOIB 3
MPSIHO-apOMAaTUYHOI CUPOBUHH Mae 3Ha4deHHs Bix 5,28 ox. pH (Hyssopus officinalis L.) mo
6,69 on. pH (Agastache foeniculum L.).

OTprMaHO MiHiMaJIbHE TEOPETHYHE 3HAUEHHS OKMCHO-BiHOBHOTO noTeHItiany (RP) ms
POCTIMHHHX BOJHO-CITUPTOBHUX HACTOIB, sike 3MiHIOeThcs Bim 258,6 MB (Agastache
foeniculum L.) mo 343,2 mB (Hyssopus officinalis L.). AxryansHe 3nadenus RP HacToiB
cranoBuno Bix 93 MB (Hyssopus officinalis L.) mo 148 mB (Glebionis coronaria L.).

BonHo-criupToBi HAacTOi 3 POCIMHHOI CHPOBMHHU Ta 00 €MHOIO 4acTKoro eraHony 40%
MaroTh BeJMunHy eHeprii BigHoBieHHs (RE) B Mmexax Bix 120,6 mB (Agastache foeniculum
L.) mo 250,2 MB (Hyssopus officinalis L.).

BoaHOo-ciMpTOBi HACTOI 3 MPSIHO-APOMATUYHOI CUPOBHHHU MalOTh 3HaYEHHS CEHCOPHHX
nokas3HukiB (S.e.) Big 9,50 10 9,68 Gana. Haiibinbie 3HaueHHs S.e. — 9.68 0ana, xapakrepHe
st Melissa officinalis L.: komip — CBiTJIO-KOpHYHEBHI; CMaK — MOMIpHO TMEKYy4Hil,
TpaB'SHUCTHIL; apoMaT — TPaB'sTHUCTUMN, JTUMOHHHIM.

IlepcrieKTUBHUM € BHUKOPHUCTaHHS IIPSHO-apOMATHUYHOI POCIMHHOI CHPOBUHM JUIS
TEXHOJIOTIT pecTOpaHHOro rocrnoaapcTsa. JocuiipkeHHs MmiaTBepAWId O10JIOTIUHY IIHHICTh
MPSIHO-apOMATUYHHX TPaB s 30araueHHs 4aiiHO-TpaB’ SHUX KOMIIO3HLIIH, cOyciB O1J0ro Ta
YEpPBOHOI0 OCHOBHOT'O, KOMIIOTIB 1 MOJIIIIIIEHHS OPraHOJIENTHYHNX OKa3HHUKIB.

BucnoBkn. Jlns  TexHomorii  pecTopaHHOrO  TOCIOJAPCTBA  3aIPOIIOHOBAHO
3aCTOCYBaHHs MPSHO-apoMaTH4HOI pocnuHHOi cupoBuuu 3 Hyssopus officinalis L. ta
Melissa officinalis L., sixka orpumana migBUIIEH] aHTHOKCHAAHTHI XapakTepucTukd RE —
250,2 MB ta EB — 184,6 MB BiamnoBiaHO, Ta O3UTHBHI CEHCOPHI Moka3zHukU S.e. — 9,53 Ta
S.e. — 9,68 6Gaina.

KuarouoBi cnoBa: npano-apomamuyHuil, poCIUHHA CUPOBUHA, AHMUOKCUOAHM, OKUCHO-
8I0HOBHUL NOMEHYIAI, PEeCTNOPAHHI MEeXHONO02I].

@depMeHTATHBHA AECTPYKIUisl MPOTONEKTHHY B 0BOYeBiii CHPOBMHI /1A miABHILEHHS il
CTPYKTYPYBAJbHOI 3AaTHOCTI y CKJIa/i MOpo3uBa

Bikropis Carmira, 'anuaa Ilomintyk, Hatanis Bpeyc, Terana Ocemak
Hayionanenuii ynisepcumem xapuogux mexnonoziti, Kuis, Yxpaina

Beryn. [loBeneHo MOUIIBHICTH (DEPMEHTATHBHOIO TiAPONi3y MPOTONEKTHHY OBOYEBOT
CHPOBHHH SIK (DYHKITIOHABHO-TEXHOJIOTIYHOTO HamiBpaOpukaTy A BHPOOHUIITBA
MOpO3HBa.

Marepianu i MeToau. J{ocmimpkeHO PEONOTidHI XapaKTePUCTUKH (EpPMEHTOBAHUX 1
He(epMEHTOBAaHUX OBOYEBHX ITIOPE, a TAKOXK MOJIOYHO-OBOUEBUX cyMmimieil. EdexTiuBHiCTE
(epMeHTONMI3y BHU3HAYANM KaIbI[iA-TIEKTATHAM METOOM, e(eKTHBHY B SI3KICTh — 3a
JIOIIOMOT OO POTAIIIIHOI BICKO3UMETPIi, aKTUBHY KHCIOTHICTh — TIOTEHITIOMETPUIHO.
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Pe3yabraTu i 06roBopennsi. Mera JoCiiKeHHS — BUBUUTH BIUIUB (pepMEHTAaTHBHOTO
TipoJTi3y NPOTONEKTHHY B OBOYEBUX MIOPE HA iXHIO CTPYKTYPYBAJIBHY 37aTHICTh y CKIIaMi
MOpPO3HBa.

[epeBara ¢epMeHTATHBHOTO TiAPOIi3y NPOTONEKTHHY B OBOYEBHX ITIOPE, MOPIBHSIHO 3
KHCJIOTHHUM TiJIpOJIi30M, HOJISITAE B TiIBUIIEHHI BUXO/y PO3YMHHOrO NMEeKTHHY Ha 8—12% 3a
MEHIIIUX BHUTPAT eHepropecypciB. ONTUMI30BaHI MapaMeTpu TNporecy (QepMEHTOI3Y
MPOTOMEKTHHY 3a CTYIEHEeM TiJpoIi3y MpoToneKkTHHY (He Hivkue 90%): myist pi3HUX BHIIB
OBOYEBOI CHPOBHHHM 3 BMICTOM IEKTHHOBUX pedoBHH Bif 0,22 no 2,56%. Jlist MOpKBH Ta
Oypsiky notpeba y pepmenri € Haiisumoro (0,1-0,2%) 3a mogoBxeHol TPHUBAJIOCTI MpoLecy
¢depmentanii (Big 120-80 xB mo 240 xB). Jlns kabaukiB, OpOKONI 1 TOMATiB TPUBAIICTh
Tpoliecy ckopouyeThes 10 60—120 XB 3a 0JHOYACHOTO 3HIKEHHS 1031 GepmeHTy — 10 0,05—
0,10%. 3a mnomoBxkeHHS Tmpouecy (EpMEHTONI3Y BHACHIAOK HAJAMIPHOIO TiJpOMi3y
MEKTHHOBUX PEYOBUH €(EeKTHBHA B’S3KICTh OBOYEBUX IIOPE NEUI0 3HWKYETHCS. Takox
3HW)KYETHCS THKCOTPOIHA 3[aTHICTh IMX cucTteM. YacTkoBa BTpaTa (PyHKI[IOHAJIBHO-
TEXHOJIOTIYHUX BJIACTHBOCTEH OBOYEBOI CHPOBMHH 32 HAJAMIPHOrO TiApOIi3y NEKTHHOBHX
PEYOBUH HETaTHBHO BiJIOMBAETHCS 1 HA PEOJIOTTYHUX XapaKTEPHCTHKAX MOJIOYHO-OBOYEBHUX
cyMillei uisi BUPOOHHIITBA MOpPO3MBa. 32 PEKOMEHIIOBaHMX YMOB (pepMEHTallii OBOuYEBa
CHpOBUHA IiBHIIYE €()EKTHBHY B’S3KiCTh MOJIOYHO-OBOYEBHX CyMillled il BUPOOHUITBA
MOpO3MBa, IO MOXKHA MOSICHUTH YTBOPEHHSIM CTPYKTYPYBQJbHHX KOMIUIEKCIB MK
nojicaxapuaaMy Ta MOJIOYHUMH OlTKaMH.

BucnoBku. ®PepmMeHTaTUBHUI TiPOJi3 TPOTONEKTUHY Oiblll  e(QEeKTHUBHUIA,
NOPIBHSHO 3 KHCJIOTHHM TiJPOJIi30M, 1 3aJIeKUTh BiA (HI3UKO-XIMIUHMX XapaKTePUCTHUK
oBouiB. DepMeHTOBaHI OBOYEBI MIOpE € CTPYKTYPYBAJbHUMH CHCTEMaMH 1 BUSBISIOTH
TUKCOTPOITHICTh Y CKJIaJIl CyMillieil yisi BAPOOHUIITBA MOPO3HBA.

Kunro4oBi ciioBa: moposuso ogouese, nekmum, nekmunasa, ioponis, 6 A3Kicmo.

BniiuB ekcTpakTy HOPOIIKY WIKiPKH BUHOrpajay Ha GpyHKLiOHAJIBHI Ta ¢i3uko-
ximiuHi BJaacTuBocTi 3edipy

€rrenisn Kopanwosa, Haranis Cyxonon, Aypika YupcaHosa,
Tersina Kankanapi, Kaponina I'pocy, Poxika CiMiHiuyk
Texuiunuu ynieepcumem Monoosu, Kuwunis, Monoosa

Betyn. OuiHeHO BIUIMB JONaBaHHSA €KCTPAKTy MOPOIIKY MIKIpKM BHHOIpaxy Ha
¢byHKIIOHAJTBHI Ta (DI3UKO-XIMIYHI BIACTUBOCTI 3edipy.

Marepianu i meronu. J[ns OLIHKY BIUIMBY IIKIPKK BUHOTPay Ha SKICTh 3edipy
OyIIi BUTOTOBJIEHI CHUPTOBI eKcTpakTH BuHOrpaaHoi mkipku (GSE), siki BBe#eHi B pi3HUX
KUTBKOCTSAX Yy perentu 3edipy. OyHKIIOHAIBHI BIACTUBOCTI 3eipiB OI[IHIOBAIH LUISIXOM
BU3HAYCHHS 3araJlbHOrO0 BMICTYy TMONI(GEHONYy 1 aHTHOKCHIAHTHOI aKTUBHOCTI.
Mikpobionoriyay CTiHKICTh TPOAYKTY OIHIOBANIM 32 JIOMIOMOTOI0 M’SCHOTO OyIbiioHY 3
arapy. Po3MHOXeHHS [BUTI i MOPQOIOTiI0 KIITHH 3 OKPEMHX KOJOHIM BUBYAIH ITi[
MiKpPOCKOTIOM.

Pe3yabraTu i odoroopennsi. Ha di3zuko-ximMiuHi B1acTHBOCTI 3epipy MO0 BMiCTy
BOIIOTH Ta IYyKPY BIUIMHYJIO BKIIOUEHHS eKCTpakTy BuHorpangaoi mkipku (GSE).
[psimonporiopriitHmiA 3B’ 30K criocTepiraBcs Mixk nogasarHsM GSE Ta BmicToM Bonoru y
3paskax 3edipy, peectpyroun 36inpmenns 3 15,02 mo 15,58% nns 3paskiB 3 1 Ta 3% GSE
BiamoBiHO. BMicT mykpy BapitoBaB y Mexax 14,05-14,21%, HaiiBumuii — y 3paskax i3
30impmreHor0 KinbkicTio GSE. 3aranpaumit Bmict ¢deHomiB y 3paskax GSE i 3edipy 3
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nonasanusaMm GSE ckinas, Biamosiauo, 27,391 5,11 (1% 3edipy GSE), 6,46 (2% 3edipy GSE)
ta 7,89 (3% 3edipy GSE) mr/r ramosoi kucnotu (GAE) B. IHriOyBampHa 37aTHICTB
nepokcuay BogHio 1 mormuHaHHS DPPH pangukaniB y 3edipi 3pociau mporopuiiiHo
migeumenHato piBHs GSE. BcTaHOBIEHO, MO aHTHOKCHAAHTHA aKTUBHICTH 3edipy, IO
mictuthk 3% GSE, Buma (35,72%), Hix inmi. [omaBanus GSE cyTTeBO BIUTMHYIIO Ha
napamerpu Koibopy 3e(dipy. OCKIIBKM KiTBKICTh HIKIDKM BHHOTpany 301IbIIyBaacs,
criocrepirainocst OiplI iHTeHCUBHE (ioneroBe 3abapBneHHs. 3edip, mo mictuts 2% GSE,
OyB HaiOULTBII OLIIHEHWH 3 TOYKU 30py ceHcopHHX BiactuBocteil. JlomaBanus GSE mano
iHTiIOyBaNIbHY JMil0 Ha TOMYJALII0 LBLT Mg 9ac 30epiraHHs, OUTBII BHUCOKHH CTYHiHB
3MmeHmeHHs pocty uBim (p <0,05) cnocrepiraBes y 3pasky 3 3% GSE uwepes 7 nHiB
30epiraHHs.

BucnoBku. J[logaBaHHs €KCTpakTy BHHOTPagHOI MIKIpKH Yy 3edip 30UIbIINIO
010JIOTIYHY HIHHICTH 3 TOYKH 30py aHTHOKCHJIAHTHOI aKTHBHOCTI Ta 3arajlkHOr0 BMICTY
(eHomny, a TaKoXX NPUHHATHOCTI Cepell CIIOKMBAYiB.

KurouoBi ciioBa: éunocpad, wikipka, 3eqpip, anmuokcuoanm, geHol.

ITlinBuIeHHS e()eKTUBHOCTI MacOOOMiHYy MiK PiAHOIO i Maporo B pekTHdikaMiliHNX
KOJIOHAX IUKJIIYHOI Til

IOpiii Byniii, Anaroniii Ky, IBan FOpuk, Anapiit @opcrok
Hayionanvnuii ynieepcumem xapuosux mexronoeit, Kuis, Yxpaina

Beryn. Mera nociipkeHHsI — BU3HAYUTH ONTUMAbHUI Yac mepeOyBaHHS PiJHU Ha
TapijKax, CTYHiHb BHJIYYEHHS | KpPATHICTh KOHIICHTPYBaHHs JIETKUX JOMIIIOK CIUPTY 1
MMUTOMY BUTpATy Ipitovoi napu B pekTH]IiKaLidHil KOJIOHI IUKIIYHOT 1.

Marepianu i meronu. JlocnmipkeHHSI NMPOBOAWIIM B PO3TiHHIA KOJIOHI, OCHAIIEHIi
JIYCKONOJIOHMMHU TapiikaMH 13 3MIHHUM BUIBHHUM TmepepizoM. KOHIEeHTpawilo JeTKHX
JIOMIILIOK CHHUPTY BH3HAYaJ M XpoMmarorpaiuHiM METOJIOM, CTYIiHb iX BHJIyYEHHS 1
KpaTHICTh KOHIIEHTPYBAHHS — pPO3PaxXyHKOBHUM METOJOM, IHINI TIOKa3HUKH —
3aralbHOBIIOMUMH METOaMH.

Pe3yabTaTu i 00ropopennsi. MakcumasibHe BUAAJICHHS JETKUX JOMIIIOK JOCATAIOCH
y pextuikaIiiiHii KOJOHI, OCHAIIEHI i JTyCKOMOJI0HIMH TapilKaMH, IO MICTATh HIOBOPOTHI
cekIii, 3’e¢HaHI 3 NPHUBOJHAMH MeXaHi3MaMH, [isl SKUX BIIOYBa€ThCsS 3a 3aJaHUM
anropuT™MoM. ONTHUMANIBHI HapaMeTpH POOOTH KOJIOHH: IIBHAKICTb apy B OTBOpPaX JYCOK Yy
Nepiofl 3aTPUMKH PiIUHHU Ha Tapinkax 12—14 m/c, y nepion nepenuBy piguau 1-1,5 m/c, yac
niepeOyBaHHs piauHu Ha Tapinkax 40 c, gac mepenuBy 1,7 ¢; THCK Y HIKHIN YaCTHHI KOJTOHU
12 kIla, KOHIIEHTpaIis ETUJIOBOI'O CIUPTY B KyOoBii piguHi 3—4 % 06. [lns 3a6e3neueHHs
LOUKITIB IUIONIA BIIFHOTO MEPEpi3y TapijoK MOBIHHHA MHUTTEBO 3MiHIOBATHCH Bix 5,5 mo 51,7
%. TexHiuHe pillIeHHS Aa€ 3MOTy 3a0e3MeUNTH TIOBHE BUIAJICHHS €CTEPiB, METWIALIETATy Ta
130MPOITMIIOBOTO CIIAPTY, 30MBIIATH CTYIiHb BHJTY9E€HHS BHIMX CITUPTIB CHBYITHOT'O Macia
1 MeTanoy Ha 38%, KpaTHICTb KOHIIEHTPYBaHHS aJIbAETiiB — Ha 25%, BUIMX COHMPTIB — Ha
38%, meraHomy — Ha 37%, a mUTOMI BUTpPAaTH HAarpiBajbHOI mapw 3MeHmMTH Ha 40 %
TIOPIBHSIHO 3 THUIIOBOIO KOJIOHOIO.

BucHoBku. [HHOBaIi{HA TEXHOIOTIS UKIIIYHOI peKTU(IKAIli Ja€ 3MOTY i IBUIIATH
CTYMiHb BIJIY4EHHS | KPaTHICTh KOHIICHTPYBAaHHS JIETKUX AOMIMIOK criupTy Ha 25-38 % i
3MEHIIUTH eHeproButpaTty Ha 40 % MOPIBHAO 3 BIAOMUML

Kuarouosi ciioBa: cnupm, pekmugpikayis, mapinka, KoJI0HA, OOMIUKU.
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BiinB nNoKkasHMKa aKTUBHOCTI BOJAY HA BJACTUBOCTI (OPOILIHA MIIEHUYHOT O

Awunpiii Mapunin?, Bacuniii ITaciunnii!, Citnana JliTBinayk?,
Jro6omup Xomiuak?, Inra Kysnenosa?, Citnana Bucorbka?
1 — Hayionanenuii ynisepcumem xapuosux mexronoei, Kuis, Yxpaina
2 — Incmumym npoodosonvuux pecypcie HAAH

Beryn. Meroro pocnipkeHHs € BU3HAYEHHS BIUIMBY ITOKAa3HMKA aKTUBHOCTI BOAW Ha
SIKICTh OOpOIITHA NIIEHUYHOT'0 Ta OOpOIIHA MO (IKOBAHOTO MIIEHUIHOTO.

Martepianu i MmeToan. BukoprcroByBanu 3pa3sku OOpoIIHa MIIEHUYHOT0, OTPUMAHOT0
13 3epHa NIIEHUIII Pi3HOr0 KPOXMaJILHOT'O MOMIMEPHOTO CKJIaly Ta KOMIIOHEHTHOT'O CKIIay.
BusHaueHO iHIEKC aKTHBHOCTI BOAM Uil TIIEHUYHOrO OOpOIIHAa Ta MOIU(]IKOBAHOrO
BianoBigHO 10 ISO 18787:2017. Y penentypi xiiba 10% GopolirHa 3aMiHIOBaIH OOPOIITHOM
MOM(IKOBAaHUM IIIEHUYHUM. BH3HAa4€HO BIUIMB TOKPAIIEHOI pelenTypy Ha TEpPMiH
MIPUIATHOCTI OyXaHOK XJ1i0a.

Pe3yabraTu i o6roBopennsi. HaiiBuiie 3HaueHHsT €HTaNbIIIT Ta aKTHBHOCTI BOJIM Ma€
GoponIHO 3 6a30BUM CITIBBIIHOIIEHHSM aM1JI03H 1 aMijIoneKTHHY. [1oM'SKIIIeHHS CTPYKTYpH
I ocrnabieHHs MaTPUYHHUX 3B'S3KIB KPOXMalb-O1J10K 3MeHIIye eHTanbito Ha 2,3 JhHx/T Ta
AKTUBHICTH BOIU. HaliMeHIIle 3HAYCHHS CHTAJIBINT Ta aKTUBHOCTI BOAW Ma€ OOPOIIHO, SIKE
MICTHUTB JIMIIIE aMUIONIEKTHH y rpaHyaax kpoxmauto. Ciiijy 3a3Ha4KTH, 110 i IBUILIEHUH CKIIa
MIKpO- Ta MaKpOEJIEeMEHTIB OOpOIIHA MPHU3BOANTE O 3MEHIICHHs eHTanbmii Ha 3,7 JIxK/T.
JlocnmimkeHHs mokaszany, 1o ¢izudHa MomudiKalis MIIeHHIHOro OOPOIIHA IPU3BOAUTH 10
3MiHHM aKTUBHOCTI BOJIM y 3pa3kax. 30KpemMa, AJIs 3BUYaifHOro OOpOIIIHA 3MEHIIIEHO MTOKa3HUK
aktuBHOCTI Bomu 3 0,619 mo 0,591. BogHouac 3MiHa CTPYKTYpU TpaHyll KpOXMAIIO
MPU3BOJUTh JI0 30UIBLICHHS [OKAa3HUKA AaKTUBHOCTI BOAM ISl 3pa3KiB  OOpOUIHA!
KoHJuTepchkoro HanpsMy — 3 0,477 no 0,585, tumy «Baxci» —3 0,542 1o 0,570, 30araueHoro
MIKpo- Ta MakpoenemenTamu — 3 0,491 no 0,597.

BukopucranHsl 1HTPEMi€HTIB 13 3HIKEHOI IIBHJKICTIO aw IO0Ka3ye 3[aTHICTh 0
PO3BUTKY KapTOILISIHOI XBOPOOHU Ta MiKPOMILIETIB, L0 MOAOBXKYE 30epiraHHs XJIiOHUX XJ1i0iB
Ha 1-2 pgHi. 3MiHA KOMIIOHEHTHOrO CKJIaay OopoliHa micis ioro Momudikaiii CyTTeBO
BIUIMHYJIA Ha HOTO TEXHOJIOTIYHY SIKICTh. 3aCTOCYBaHHS TaKOTO MPOAYKTY Y BUPOOHUIITBI
XapuoBUX MPOIYKTIB CIPHUSE MPOJOBKEHHIO TEpMiHy iX 30epiraHHs i, BIANOBIAHO, Ha
TpUBaNMH dYac cropuse 30€peKEHHIO0 OPraHONENTHYHUX BIACTUBOCTEH Ta BHSBIICHHIO
CTIMKOCTI J10 i MIKpOOpraHi3mis.

3pa3ku OoporiHa Bipi3HIIOTEC ckiamoMm ByriieBodiB (p <0,001), o6inkie (p <0,01),
xupiB (p <0,05). Tomy mpu momudikamii TemrepaTypu BigOyBarOTbCS CTPYKTYPHI 3MIiHH
OCHOBHHX KOMITOHEHTIB 3 YTBOPEHHSM OUTBII TIPOCTHUX.

BucHoBku. [HIEKC aKTUBHOCTI BOIH JUTS IIEHMYHOT'O OOPOIIIHA 3HAXOAUTHCS B MEXKaX
0,491-0,619, a anst GopormrHa MoaAN(IKOBAHOrO MIIeHUYHOr0 — Yy Mexkax 0,570-0,597.

Knwwuosi crosa: nwenuys, 6opouwino, moougikayis, akmusHicms, enmanvnis, X1io,
30epicanns.
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Mpouecu i o6nagHaHHSA

Oco01uBOCTI MpoLECy CMAKEHHS M’ SICHUX KOBOACHUX BUPOOIB
Y CKJIe€HHX 000/10HKAX 3 KHIIKOBOI CHPOBHHH

Banepiit Muxaiinos', B’suecnap Ouumenxo®, Anpiit ITax?,
Banum Bpemuxin?, Onexciit 3aropynbko®
1 — Xapxiscoxuil Oepoicasnuil yHisepcumem xapuyeanHs ma mopeieni, Xapkie, Yrkpaina
2 — Xapkiecvokuil HAYIOHATLHUTL MEXHIYHUL YHIGEPCUMEM CLIbCLKO20 20CNO0APCMEd M.
Ilempa Bacunenxa, Xapxis, Ykpaina

Beryn. Mera gociipkeHHsT — BCTAHOBJICHHS OCOOJIMBOCTEH Mepediry mpoueciB Termio-
Ta MacoOOMIHY IiJl Yac CMa)KCHHS M’ SICHUX KOBOACHHX BUPOOIB y CKICEHUX OOOJIOHKAX,
OTPUMaHHX PiI3HUMH CIIOCOOAMH i3 KHIITKOBOT CHPOBHHH.

Martepianu i meToan. JlociipKyBaIuch 3pa3ku M’ sICHUX KOBOACHUX BUPOOIB Y Pi3HUX
KHIIKOBHX 0OOJIOHKaX: YepeBa CBUHSYI; CKIICEHI KHIIIKOBI KOBOACHI OOOJIOHKH 31 CBHHSIYUX
YepeB 3 apMyBaHHSIM JIOKAJIbHOK TEIUIOBOIO KOATY/AIIEI0, 3 apMyBaHHSIM JIOKaJTbHHM
JyOJICHHSM, 13 CYIIIJIBHAM JAYOJICHHSM 1 MIacTU(IKaI€ro.

Pesynbratn i obroBopenHsi. J{ociipkeHO KIHETHKY TeMIIEpaTypH pPIi3HHX IIapiB
M’SICHUX KOBOACHUX BHPOOIB y CKICEHHX KHMIIIKOBHX OOOJIOHKAX MiJ| 4ac ix cMakeHHs. J{ns
JOCITI/DKYBAaHUX PEXKUMIB CMa)KEHHSI TeMIlepaTypa CUPOBHHH BCEPEIMHI 3pa3Ka OJHOPITHO
posmnopinena B niamaszoni Big 80 mo 90 °C. lle ycyBae HeraTMBHHMH BIUIMB BHCOKHX
TEMIIepaTyp Ha SKICTh MpPOXAYKIii 4Yepe3 YTBOPEHHS PEYOBUH MIPOreHETHYHOIO
PO3ILETICHHS KUPY 3 HEIPHEMHUM CMAKOM 1 3aI1aXOM.

JocnikeHo KIHETHMKY Mach M’SCHHX KOBOACHMX BHMPOOIB Yy CKJICEHHX KHIIKOBUX
000JIOHKAX MiJ 4Yac iX cMakeHHs. MakchMalibHa MIBUJKICTh BTPATH MAacH OTPUMAaHA JJIst
KOHTPOJILHOT'0 3pa3ka — KOBOACHOT0 BUPOOY y TpaulliiiHil KUIIKOBiK 00ooHLi. HalimeHiie
3HAYEHHS IIBUJIKOCTI BTPATH MACH Ma€ 3pa30K, B SKOMY BUKOPHCTaHO KOBOAcHY 00OJIOHKY,
CKJIEEHY CIIOCOOOM CYILIILHOTO AYOJICHHS! 3 MoAajbIIow macTudikaiieto riminepunoM. Le
00YMOBJIEHO MEHIIIOIO MIOJI0 KOHTPOJIBHOTO 3pa3Ka MPOHHUKHICTIO PO3pO0IIEHUX OOOIOHOK
JI0 TIPOITyCKaHHS XHUPY Ta Hapy Boau. CKIIG€HI KUIIKOBI OOOJIOHKM MalOTh MEHINY IO
TPAJULIHHOT KMITKOBOI 00OOJOHKH TPOHHUKHICTB /IO MPOITYCKAHHS )KUPY Ta Maph CUCTEMHOL
BOJIH, IIO € OLTBII TPUHHITHOK (YHKIIIOHATBHO-TEXHOJIOTIHHOIO BIACTUBICTIO.

BcranoBieHo, 1o Termogi3uiHi BIACTHBOCTI TOCIIPKYBAaHUX 3pa3KiB BU3HAYAOTHCS
MePEeBAYKHO TETUIO(I3MYHUMH BIIACTUBOCTSAMH M’SICHOrO (hapiry, MacoBa 4YacTKa SIKOTO
3HAaYHO OiJIbINA MTOPIBHSHO 3 MACOBOO YaCTKOI OOOJOHKH KOBOACH.

BucHoBku. BrsiBieHO 3aKOHOMIpHOCTI Tepediry mporecy TeIIoMacoo0OMiHy i Jac
CMa)KeHHS KOBOACHUX BUPOOIB B 00OIOHKAX 3 KHIIIKOBOI CHPOBHHU.

Kuro4oBi ciioBa: kosbaca, cmadicerHs, 000I0HKA, APMYBAHHI, MENTOMACOOOMIH.
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IIanoBHi kojern!

PenakuiitHa koneris HaykoBoro nepiogumanoro uaanns «Ukrainian Food Journaly
3anpomrye Bac no myOmikamii pe3ynbTaTiB HayKOBUX JOCHIKEHb.

Bumorn 1o opopmiieHHs cratei

MoBa crareii — aHTJICBKa.

MinimMansauii obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIlH i
CIHCKY JIiTEpaTypH).

Jlost BCix enemenrtiB crarti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci monst cropinku — 1o 2 cM.

CTpykTypa cTaTTi:

YJK.
. Ha3Ba crartri.
. ABTOpHM cTatTi (iM’s Ta Npi3BUILE MOBHICTIO, Mpukia: [dennc O3epsHKo).
. Yemanosa, 6 saxiii euxonana poboma.
. AHoraris. O00B’SI3K0Ba CTPYKTYypa aHOTAIlil:

— Bceryn (2-3 psakn).

— Marepianu Ta MeToau (10 5 psisIKiB)

— PesynbraTi Ta 00roBOpeHHs (I1iB CTOPIHKM).

— BucHoBku (2-3 psaaxu).
6. Kitouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHb).

LA WN R

IIyHKTH 2—6 BUKOHATH AHIIIHCHKOIO | YKPaiHCHKOI0 MOBaMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraT Ta 0OTOBOPEHHS
— BucnHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIABaTH 1HIII PO3/IIITK Ta PO30MBATH 1X Ha MMiAPO3ILIH.

8. ABtopchka moBimka (IIpisBume, iM’st Ta o OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi 1aHi aBTOpA, 110 SKOTO 32 HEOOXITHOCTI Oye 3BepTaTUCh PeNaKIlisl )KypHAITY.

Pucynku BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH He MpUAMaioThes. Po3Mip Tekcty Ha
pucyHKax moBuHeH 0yru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JMie 3a iX 3HaYHOI HayKOBOI LIHHOCTI.

®on rpadikis, aiarpam — numie 6inuit. Komip enemeHTiB pucyHky (JiHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTKOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEJIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATHHCHKHUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micist 2010 poky.
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OdopmiieHHs IUTAT Y TEKCTI CTATTI:

Kisbkicts aBTOpiB cTatTi | IIpukiaag IUTYBaHHA y TeKCTI
laBTop (Arych, 2019)
2 i OipIIe aBTOPIB (Bazopol et al., 2021)

Mpukaan texery i3 uuryBanuam: It is known (Bazopol et al., 2006; Kuievda, 2020), the
product yield depends on temperature, but, there are some exceptions (Arych, 2019).

VY nuTyBaHHSAX HEOOXiHO BKa3yBaTH OTHE JKEPEJIo, 3BIJKH B3ATO iH(OpMAIIitO.
CrHcoK JTepaTypy COpTYeThCA 3a andaBiToM, JIITEpaTypHi JUKepena He HyMEPYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHSATE B CBiTi CHIpOIIEHE
o(hOpMIIEHHS CIIUCKY JIiTepaTypu 3rigHo cTanmapty Garvard. Bei eneMeHTH MOCHIaHHS
PO3ALISAIOTHCS JIMIIIE KOMAMH.

1. [Tocuy1aHHS HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(HOMeEp), CTOPiHKH.
[HIIiaIKM TUITYTHCS MICHS MPi3BHUINA.
Bci eneMeHTH NOCHIIaHHSI PO3AUISIOTHCSI KOMaMHU.
1. Tlpuknan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocus1aHHS HA KHUTY:
ABtopu (pix), Hazea knuzu (kypcusom), Bunapaunrso, Micto.
[HilianM NUITyThCs MiCHs NPi3BHINA.
Bci eneMeHTH noCcHIIaHHS PO3IUISIOTHCS KOMaMHU.
IIpuxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocujanHsa Ha eJTeKTPOHHHUI pecypce:

BukoHyeTbCsl aHAJIOTTYHO NOCHJIAHHIO Ha KHHUTY 200 ctaTTio. [Ticns odopmiteHHs 1aHux
nipo myGuikaito munryThest coBa Available at: ta BkasyeTbes enekTpoHHa ajpeca.
IIpuknanu:
(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

Crmcok JitepaTypu 0 OpPMITIOEThCS JTUIIIE JaTHHUICI0. ExeMeHTH CTUCKy YKpaiHCHKOIO
Ta POCIHCEKOI0 MOBOIO TOTPIOHO TpaHcHiTepyBatd. s TpaHCIHiTepamii 3 YKpaiHCHKOIO
MOBH BUKOPHCTOBYETBCS TACIIOPTHHI CTaHIAPT.

3pyunuii caiit 1y1st TpaHciTepartii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport

CTaTTs HaJACHIAETHCA 3a eJIEKTPOHHOIO aapecoro: Ufj_nuft@meta.ua
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YK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi CTaTTi, KOpOTKi
TTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBHHU Ta OTJISAIH JITEPaTypH.

TemaTtuka nyoaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis IIpornecu Ta oOnamHAHHS

XapuoBa XiMis HanorexHororii

Mixkpobiosnoris ExoHoMika Ta yrpaBiiHHS

@i3nyHi BJIaCTUBOCTI Xap4yOBHX MPOAYKTIB  ABTOMAaTH3allisl IIPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX HPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB

IepiognynicTh BUXOAY KypHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi qOCIiIKEHB, IPENICTABIICH] B )KypHaJli, TOBUHHI OYTH HOBUMH, MaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOIO 1 TPEJCTAaBIISATH IHTEpeC Ui MIXXHApOIHOTO HayKOBOT'O
CIIBTOBApHUCTBA.

Ukrainian Food Journal ixmekcyeTbcst HAyKOMETPHIHUMHE Oa3aMu:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Peunensisi pykonucy crarrti. Marepianu, npenacraBieHi mis myomikysanuas B «UKkrainian
Food Journaly, mpoxomste «IloaBiiiHe citinie pelieH3yBaHHS» IBOMAa BUCHUMH, MPU3HAYCHHUMU
PEeNaKIiiHO KOJIETIE: OJIUH € YICHOM PEKOJICTIT i OUH HE3aIeKHUN YICHHIA.

ABTOpPCBKE NPaBo. ABTOPHU CTATEH rapaHTYIOTh, 110 pOOOTa HE € MOPYIICHHIM OYAb-IKUX
aBTOPCHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIIEHHsS MaHol rapantii. OmyOniikoBaHi
Marepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo
iHmIe.

HetanbHa indopmanis npo KypHas, iHcTpykuii aBTopam, npukjIagn opopMIeHHS
CTATTi Ta aHOTaMili po3mileHi Ha caWTi:

http://ufj.nuft.edu.ua
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PenakuiiHa Koneris
I'onoBHUIT pexakTop:

Bosogumup IBanoB, 1-p. 6ion. Hayk, npod., Hayionanvruil yHigepcumem xapuo8ux
mexuonoait, Ykpaina

YuieHn MikHAPOIHOI peJaKIiiiHOl KoJIerii:

Arora ienpe Paiimene, n-p, Jlumogcoxutl inicmumym azpapHoi exonomixu, Jlumea
Basepiit MupoH4yKk, 1-p. TexH. HayK, npod., Hayionanvruil yrisepcumem xapuoux
mexuonozit, Ykpaina

BikTop CtadHikoB, 1-p TeXH. HayK, pod., HayionanbHuil yHieepcumem xapiosux
mexuonozit, Ykpaina

Baagimip I'pynanos, a-p. TexH. Hayk, npod., binopycokuil depoicasHuil azpapHuti
mexuiunui ynieepcumem, binopyco

Eron Hlniuyep, a-p, npodecop, Jeporcasuuii ynisepcumem Ilonma I poccu, Bpazunis
WMopnanka Credanosa, 1-p, [l106discokuii ynisepcumem "Tlaiciii Xinenoapcxi”, Boneapis
Kpicrina lMonoBuy, 1-p., nou., Texuniunuii ynigepcumem Monoosu

Mapk lamusn, a-p., gou., Yopuomopcvka acoyiayis 3 xapuo8oi HayKu ma mexHoozii,
Pymynia

JleniBenwa Xy0, acoyiayis «Mixcnapoona eapmonizayitina iniyiamusay, Hioepaanou
Oxrasio Ilapenec Jlonec, 1-p., npod, Llenmp nepcnexmugnux docaiodxcens
Hayionanvrnozo nonimexuiunoeo incmumymy, Mexcuka.

Mackanb Jonbo, n-p, Yuieepcumem Knoo bepnapo Jlion 1, @panyis

Cemix Otiiec, 1-p., npogh, Yuieepcumem Eze, Typeuuuna

Const AMapeii, 1-p., npogh, Ynieepcumem «lllmean wen Mapey, Cyuasa, Pymynis
Credan Credanos, 1-p., npod., Yuisepcumem xapuosux mexuonoziil, boreapis
Tersna I[upor, a-p. Gion. Hayk, pod., Hayionanvhuil yrieepcumem xapuoux
mexHonozil, Yxpaina

Tomam Bepuart, 1-p., npod., Llleyuncokuii ynieepcumem, Ionvwya

KOuais [3s13bK0, 1-p. XIM. HayK, C.H.C., [HCmumym 3a2aivHoi ma Heop2aniunol Ximii imeHi
B. I. Bepnaocvkoco HAH Ykpainu

KOpiii Binan, o-p., npod., Kewyscokuii mexnonociunuii yHisepcumem, Ionvwa
SAcmina Jlykinak, n-p, mpod., Ocickcovkuil ynigepcumem, Xopsamis.

Yienu pegakuiiHoi KoJierii:

Arora Tienpe Paiimene, 1-p, Jlumoscoxuii inicmumym acpaphoi ekonomixu, Jlumea
Amnarodiii CaiiranoB, 1-p. eKOH. HayK, pod., [Hcmumym cucmemrnux oociioxcers 8 AIIK
HAH benapyci

Basepiii MupoHuyk, 1-p. TeXH. HayK, pod., Hayionanvuuil yrigepcumem xapuogux
mexHonoeil, Yxpaina

BikTop CtadHikoB, 1-p TexH. HayK, pod., HayionareHuii yHisepcumem xapio8ux
mexHonoeil, Yxpaina
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Bosomumup Koso6aca, 1-p. TexH. Hayk, npod)., Hayionanvhutl yrigepcumem xapuosux
mexuonozit, Ykpaina

Baangimip I'pynanoB, 1-p. TeXH. HayK, pod., binopyceKkutl 0epicasHull azpapruti
mexuiunui ynigepcumem, binopyce

Ianuna Cimaxina, 1-p. TexH. HayK, npod., HayionanvHuil yrigepcumem xapuoux
mexHonozit, Ykpaina

Eron HHimmep, 1-p, npodecop, Jepocasnuii ynisepcumem Ionma I poccu, bpazunis
Hopnanka Credanosa, 1-p, [Tnosoiscoruti ynisepcumem "laiciii Xinenoapexi”, Boneapis
Kpicrina IlonoBuw4, 1-p., non., Texuiunuii ynigepcumem Monoosu

Jlaga llepinsH, 1-p. eKoH. HayK, ipodecop., Hayionanvruil ynigepcumem xapuoeux
mexuonozit, Ykpaina

Mapxk Wamusii, 1-p., Ao1., Yopromopcoka acoyiayiss 3 Xapuoeoi HayKu ma mexuHonozii,
Pymynia

Mukosna CuueBChbKHid, J1-p. €KOH. HAYK, pod., Ikcmumym npodosonvuux pecypcise HAAH
Yrpainu

Jeniseana Xy0, acoyiayis «Misxcrnapoona eapmonizayitina iniyiamueay, Hioepranou
Oxragio [Iapenec Jlonec, n-p., npod, [{enmp nepcnekmugrux 0ocaiodicens
Hayionanonozo nonimexuiunozo incmumymy, Mekcuka.

Ouexcannp lleBuenko, 1-p. TeXH. HAyK, pod., Hayionarenuil yHieepcumem xapuosux
mexuonoait, Yrpaina

Ouiena I'padoBcbKa, 1-p. TexH. Hayk, pod., Hayionanvhuil yHisepcumem xapyosux
mexuonoait, Ykpaina

Ouiena JlparaHn, 1-p. eKoH. Hayk, ripod., Hayionanvruii ynisepcumem xapyoeux
mexHoaoeill, Ykpaina

Ouabra Pudak, kaH1. TeXH. HAYK, JOIL., /epHONINbCLKUL HAYIOHANbHUL MEXHIYHUL
yuiepecumem imeni leana Ilymos, Yxpaina

Mackanb Jonbo, n-p, Yuieepcumem Knoo bepnapo Jlion 1, @panyis

Cemix Otiiec, 1-p., npogh, Yuieepcumem Eze, Typeuuuna

Const AMapeii, 1-p., npogh, Ynieepcumem «Illmepan wen Mape», Cyuasa, Pymynis
Cranka [lamsinoBa, 1-p., npogh, Pycencwiuii ynigepcumem «Anenen Kanueey, ¢inis
Paszpao, boneapia

Credan Credanos, 1-p., npod., Yuisepcumem xapuosux mexuonoziil, boreapis
Tersina I[upor, a-p. Gion. Hayk, npod., Hayionanvhuil yrigepcumem xapuosux
mexHonoeil, Yxpaina

Tomam Bepuart, 1-p., npod., Llleyuncokuii ynieepcumem, Ionvwya

KOunis [35136K0, O-p. XiM. HaYK, C.H.C., [Hcmumym 3a2anvHoi ma HeopeaHiunoi Ximii imeni
B.1 Bepnaocvxkozo HAH Yxpainu

KOpiii Binan, o-p., npod., Kewyscokuii Texnonoziunuii Yuigepcumem, Ilonvua
SAcmina Jlykinak, n-p, mpod., Ocickcovkuil ynigepcumem, Xopsamis.

Ounexciii I'y6ens (BiamoBinanpHU cekperap), KaHA. TEXH. HAYK, A0L., HayionansHuil
VHI8epcumem xap4o8ux mexuonozii, Ykpaiuna.
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