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Abstract. The relevance of this study is conditioned upon the increasing interest in alternative sources of protein, to solve 
the problem of providing the population with biologically complete food products of a combined composition. The purpose 
of this study was to investigate the effect of freezing on the stability of the moisture content of semifinished products 
in the dough covering using several types of meat raw materials, protein, and flour from hemp seed processing products. 
For the study, eight recipes of minced meat were prepared using beef, pork, red and white meat of broiler chickens with 
flour and protein from hemp seeds in the amount of 20% to the total mass of minced meat. In the samples, indicators 
of moisture content, moisture binding, emulsifying ability of products before freezing and after defrosting, and activity 
of water in defrosted products were determined. In the experimental samples, a substantial difference was found in the 
stability of the moisture content of semifinished products, depending on the combination of flour and hemp seed protein 
in the recipes of semifinished products and conventional types of meat raw materials under the influence of freezing. It 
was found that the best combination of hemp seed flour with beef and pork meat, while protein with broiler chicken meat 
is the best combination in terms of emulsifying ability. All model samples of minced meat had values above 40%, and 
all samples, except the combination of hemp protein with pork, were higher than the control. Studies of water activity 
values in defrosted dumplings were within the normal range of up to 0.970 Aw, and the sample using hemp seed protein 
and pork had the lowest – at 0.951 Aw. The conducted studies indicate the expediency of selective combination of hemp 
seed processing products with various types of meat raw materials in the composition of semifinished products in a dough 
covering. The combination of several types of non-conventional protein-containing raw materials in the composition of 
frozen semifinished products in the dough covering requires considering their technological compatibility to ensure the 
possibility of implementing the developed recipes in the production of dumplings in industrial production conditions
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Introduction
One of the common nutritional issues is the lack of nutri-
ents in the human diet due to the low balance of the com-
position and the dominance of starchy products [1]. The 
lack of essential nutrients necessary for the healthy func-
tioning of the human body causes excessive food consump-
tion, which can lead to the occurrence of diseases of the 
cardiovascular system. Among the nutrients important for 
the functioning of the body, protein plays a significant role, 
the norm of which for people with a sedentary lifestyle is 
0.6 g/kg of body weight, and 1.2-1.7 g/kg of body weight for 
athletes [2; 3].

It is possible to improve the balance of meat-
based products through the combination of animal and 
vegetable raw materials. Vegetable proteins allow bal-
ancing meat-based products in terms of the content of 
deficient nutrients and increase the biological value of 
the diet. Partial replacement of the meat-fat fraction 
with the vegetable fraction leads to a decrease in the 
amount of cholesterol and saturated fatty acids in the 
composition of products. Combined meat products in 
terms of amino acid content are closer to the ideal pro-
tein values according to FAO/WHO (Food and Agricul-
ture Organization of the United Nations/World Health 
Organization)  [4], and their fatty acid composition is 
enriched with polyunsaturated fatty acids, which allows 
designing functional products [5].

In the same way, the modern rhythm of life forces to 
increase the share of consumption of fast food. Growth 
in sales of such products in high-income countries is 
1% per year, and in middle-income countries is 10% per 
year. People would rather not spend time preparing food, 
and this leads to an increase in the demand for semi-
finished products [6]. Insufficient quality composition 
of such products can cause the problem of deficiency of 
useful substances. Among meat semifinished products, 
considerable attention is paid to semifinished products 
in a dough covering (dumplings, ravioli, khinkali), which 
are easy to prepare and do not require considerable time 
to bring to culinary readiness. The combination of meat 
and protein-containing vegetable raw materials in the 
recipe composition of dumplings can both satisfy the 
consumer’s need for a high-quality product and improve 
several functional and technological characteristics of 
frozen products.

The purpose of this study was to identify the influ-
ence of hemp seed processing products on the functional 
and technological characteristics of frozen semifinished 
products in a dough covering with different types of meat 
raw materials using shock freezing. 

To achieve the stated objective, the following tasks 
were set:

– to determine the influence of hemp seed processing 
products on the moisture content before and after freezing 
of culinary semifinished products;

– to determine the influence of hemp seed processing 
products on the change in the moisture-binding capacity 
of frozen semifinished products;

– to identify the effect of freezing on the emulsifying 
ability of minced meat for culinary semifinished products 
using hemp seed processing products;

– to evaluate the activity of water in culinary semifinished 
products using hemp seed processing products after defrosting.

Literature Review
Trends in modern nutrition and the shortage of high-qual-
ity protein in terms of biological value require the search 
for alternative protein sources. Such sources for meat 
products are milk proteins, fish, hydrobionts, insect pro-
teins, cultured meat, protein-containing vegetable raw 
materials. Milk proteins are widely used in meat products. 
Whey protein isolate performs well in low-fat products 
and increases the gel-forming ability [7]. Likewise, fish, as 
a protein-containing raw material, is used in the technol-
ogy in the form of fillets, mechanically obtained minced 
meat. Fish raw materials are rich in polyunsaturated fatty 
acids and complete proteins, which contributes to the cre-
ation of functional products. Waterfowl meat is also rich in 
useful substances, and the combination of these ingredi-
ents in a meat-containing product allows obtaining higher 
functional and technological indicators [8].

Edible insects are regularly consumed as a staple 
food or dietary supplement by members of various rural 
communities in Southeast Asia, the Pacific, Africa, and 
elsewhere. Insects are rich in protein, and their chemical 
composition varies depending on the species and place of 
their cultivation [9; 10].

Cultured meat is a promising area in food technol-
ogy. This type of product is obtained thanks to the cul-
tivation of meat fibres on a nutrient substrate. The pro-
duction of this type of product is environmentally safe, 
and the substrate for its creation can be vegetable raw 
materials, e.g., algae [11]. However, at this stage of de-
velopment, cultured meat still differs from natural meat 
in terms of quality [12].

Modern research proves the rationality of introduc-
ing a considerable proportion of vegetable proteins into 
the human diet, which improve the overall quality of the 
protein composition of the diet and reduce the consump-
tion of certain nutrients [13]. The results of studies [14] 
showed that, compared to animal protein, the consump-
tion of vegetable protein can improve the lipid profile in 
patients with hypercholesterolemia. The creation of prod-
ucts using plant components necessitates the investiga-
tion not only of their biological value, but also function-
al and technological characteristics. The functional and 
technological characteristics change depending on the 
type of product and the method of their production [15].

The latest methods of production of healthy prod-
ucts are the creation of analogues of meat fibres based on 
vegetable raw materials. The main building materials for 
future products are soy and pea proteins, gluten, polysac-
charides, and fibre. Through physicochemical interactions, 
plant proteins can aggregate particles and anisotropic fi-
brils to give a meat-like texture and taste in the mouth. 
Mixtures of vegetable oils and spices are used to change the 
texture and taste; pigments are added to reproduce the tra-
ditional pink colour for meat products; vitamins, minerals, 
antioxidants, and antimicrobials are included to improve 
nutrition and increase shelf life. There are opportunities to 
overcome technological barriers, nutritional, and safety is-
sues to further develop the alternatives market [16].

However, the creation of vegan products based on veg-
etable proteins causes some discussions. Such raw materials 
have many advantages in terms of technological characteris-
tics; however, plant proteins are common allergens, and to 
obtain higher quality products, raw materials require added 
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processing  [17-19]. It was determined that such types of 
products do not fully satisfy buyers in terms of sensory 
qualities, and to obtain better quality, raw materials re-
quire added processing [20-22]. Such shortcomings can be 
eliminated by combining non-conventional raw materials 
with animal protein. A good example of the interaction of 
plant and animal proteins is the combination of whey pro-
teins of milk and pea or soy proteins, which allow obtaining 
better emulsion stability and rheological characteristics of 
products [23; 24].

Meat-vegetable combined products have substan-
tial prospects in the consumer market, thanks to the pos-
sibility of effective modelling of their taste-aromatic and 
functional-technological characteristics and positive im-
pact on the body [25; 26]. Such products are more useful 
for the body, their use does not force a drastic change in 
the diet, and according to global surveys, society positively 
perceives the transition to combining meat and vegetable 
raw materials [27-29].

A study of the use of plant ingredients in the com-
position of meat products demonstrates a positive effect 
on the functional and technological indicators of meat and 
vegetable products [30]. The rich chemical composition of 
such raw materials increases the nutritional and biological 
value of the obtained products and makes them functional [31]. 
The use of plant ingredients, due to their content of cal-
cium and magnesium, allows solving the issue associated 
with the use of phosphates in the composition of products 
and improving their technological properties [32].

The development of recipes using the products of 
the processing of oil-containing vegetable raw materi-
als considerably affects the quality of sausage products. 
Thus, the use of mustard powder in several types of sau-
sage products increases product yield and improves the 
amino acid composition of the product [33]. In the condi-
tions of the development of industrial regional clusters, 
modern meat technologies are increasingly oriented to-
wards the use of ingredients typical for a certain region 
for the development of the latest products. Plant extracts 
that increase the sensory characteristics of products are 
widely used [34].

Among vegetable protein-containing raw mate-
rials, hemp seed processing products are promising for 
Ukraine. Hemp food products such as flour, fibre, and 
protein concentrate are produced by grinding the hemp 
cake and fractionating the resulting mass. The resulting 
fractions vary in size, with the smallest usually classi-
fied by protein content as “hemp protein”. According to 
research  [35], the biological value of hemp seeds and its 
processing products varies depending on the method of 
cultivation and processing. However, the amino acid com-
position of hemp flour and protein contains all essential 
amino acids at a sufficiently high level.

Studies of the use of hemp seed processing prod-
ucts show high technological efficiency in the composi-
tion of meat products. It has been proven that the joint 
use of turkey meat and hemp flour in meat-rich breads al-
lows producing foods with high nutritional characteristics. 
Thus, the use of hemp seed flour in the amount of 8-12% 
allows increasing the protein content by 3.21-11.80% and 

considerably increases the functional and technological 
properties of combined meat products [36]. Studies of the 
rheological properties of minced meat using hemp seed 
flour show a significant increase in the stability of the 
meat emulsion and the ultimate shear stress values [37].

The impact of hemp seed processing products on 
the minced meat system has been understudied. There-
fore, the search for ways to expand the use of such pro-
tein-containing raw materials in meat products, namely 
frozen meat semifinished products in a dough covering, 
needs to be investigated to expand the consumption. The 
design of recipes for frozen semifinished products faces 
the problem of functional and technological indicators of 
minced meat, which can change after defrosting.

It is known that the water content in fresh meat can 
reach 75% and varies depending on the species, condition, 
and type of heat treatment. Water in fresh meat is mainly 
divided into 3 parts: bound water, immobilised water, and 
free water, in which the ratio of immobilised water and 
free water directly affects the moisture-binding capacity of 
meat. Depending on the type of processing, moisture can 
change from a bound state to a free state, which influences 
both the organoleptic indicators of the product and its rhe-
ological and functional-technological characteristics [38].

Freezing causes the crystallisation of water mole-
cules and the loss of meat mass, depending on the catego-
ry of fattening for beef, on average, by 1.58-2.10%, pork – 
by 1.31-1.60%, lamb – by 1.74-2.20%. The quality of the 
product is also affected by the speed and temperature of 
freezing. A low freezing rate can lead to the destruction 
of the myofibrillar structure and a decrease in the mois-
ture retention capacity [39]. Water activity is a parameter 
that directly describes the state of hydration of a certain 
substance and the degree of binding of water in it. Many 
aspects of food system technology are related to food sys-
tem hydration, so water activity (Aw) measurements can 
become widely used in process applications. Water activity 
monitoring is most widely used for products with a long 
shelf life to avoid microbiological spoilage [40].

The introduction of plant ingredients into the com-
position of meat products can considerably affect their 
functional and technological characteristics and the equi-
librium state of moisture in the product, which affects its 
rheological and technological characteristics, as well as 
sensory indicators of quality under various conditions of 
technological influence.

Materials and Methods
Research was conducted in laboratory conditions at the 
Department of Meat and Meat Products Technology and in 
the Problem Research Laboratory of the National University 
of Food Technologies in 2021-2022.

During research, the recipes of minced meat fillings 
for semifinished products in a dough covering with various 
meat raw materials and products of hemp seed processing 
(Cannabis Sativa L.) produced by LLC “Desnaland” of the 
Sumy Oblast were simulated. The “Siberian dumplings” 
recipe was chosen as the control sample. The recipe com-
position of experimental samples of dumplings is presented 
in Table 1.
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Meat raw materials were ground using a meat grinder 
(HKN-22SS), minced meat was kneaded on a minced meat 
mixer (KVL 8470 S. KENWOOD). The dough was mixed using 
a food processor (KVL 8470 S. KENWOOD). Dumplings were 
formed manually using a mould.

The semifinished products were frozen using a 
shock freezing chamber (ASH05K) at -34-35°C until reach-
ing -18°C inside the dumplings.

The moisture content was determined by drying 
a 5 g sample in a drying cabinet to a constant mass at 
105°C. The water-binding capacity to the moisture content 
(WBCm) and to the weight of the sample (WBCw) was per-
formed by pressing 0.30 g of the minced meat and calcu-
lating the ratio of the area of the wet spot to the weight of 
the minced meat or moisture in the sample [41]. The emul-
sifying capacity was determined by centrifuging a sample 
of combined minced meat homogenised with vegetable oil 
and calculating the ratio of the volume of emulsified oil to 

the total volume of the sample [41].
Determination of water activity was carried out us-

ing the HygroLab 2 device – a water activity analyser for 
analytical laboratories, with an accuracy of ±0.01 Aw.

Results and Discussion
The content and state of moisture is a factor that direct-
ly affects the quality and safety of finished products. The 
moisture content of products influences their rheological, 
organoleptic, and technological indicators.

The specific features of the technology of prepar-
ing semifinished products in a dough covering, namely the 
freezing process and the presence of a dough part in the 
recipe, make it rational to investigate the change in mois-
ture content indicators before and after refrigerating, as 
well as separately minced meat fillings. Figure 1 shows the 
change in moisture content in minced meat fillings and 
dough before and after their shock freezing.

Table 1. Recipe composition of experimental samples of dumplings using protein and flour from hemp seeds

Raw material Control Sample 1 / 
Sample 5

Sample 2 / 
Sample 6

Sample 3 / 
Sample 7

Sample 4 / 
Sample 8

1 2 3 4 5 6

The composition of the minced meat filling

Beef of the 1st grade, % 44 37 – – –
Fat pork, % 17 – – – –

Semi-fat pork, % 33 37 74 - -
Red meat of broiler chickens, % – – – 74 -

White meat of broiler chickens, % – – – – 74
*Hemp seed protein/flour, 
hydrated 1:2 with water, % - 20 20 20 20

Onions, % 6 6 6 6 6

Composition of the dough

Wheat flour, % 58 58 58 58 58
Chicken eggs, % 8 8 8 8 8

Drinking water, % 34 34 34 34 34

Spices for 100 g of minced meat

Table salt, % 1.7 1.7 1.7 1.7 1.7
Black pepper, % 0.6 0.6 0.6 0.6 0.6

Figure 1. The value of the mass fraction of moisture in the samples of dumplings
and dough under study before freezing and after defrosting
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As Figure 1 demonstrates, all minced meat sam-
ples had sufficiently high moisture content values, rang-
ing from 75.36 to 65.19% before freezing. Samples using 
protein and hemp seed flour had comparable results with 
no significant deviations. The comparison of the indicators 
of minced meat with diverse types of meat shows that the 
highest value in terms of moisture content was observed 
in samples based on beef and pork compared to samples 
based on broiler chicken meat.

After defrosting, the moisture content in the fillings 
of semifinished products in the dough shell decreased by 

4.92-0.26%. The largest weight loss was observed in the 
sample using white meat of broiler chickens, namely 7.30%, 
which is 1.88% more than the loss in the control sample.

Research on the moisture content of the dough 
showed an increase in its moisture content before freez-
ing from 36.36% to 46.49% after defrosting the dumplings, 
which indicates the redistribution of moisture from the 
minced meat to the dough covering during the freezing of 
the dumplings.

Figure 2 shows the averaged values of the moisture 
content of dumpling samples.

Figure 2. Value of the relative mass of moisture in the samples of dumplings under study before freezing
and after defrosting

Studies of the average moisture content of dump-
ling samples (minced meat in a dough covering) showed 
that the moisture content of the samples before freezing 
ranges from 59.76% to 53.66% depending on the type of 
meat raw material (Fig. 2). The highest values of moisture 
loss after cryogenic exposure were observed in the control 
and the first and second samples of semifinished products 
using beef, fat pork, and semi-fat pork (control and samples 
No. 1 and No. 2, No. 5, No. 6). For samples with both white 
and red meat of broiler chickens using protein or hemp 
seed flour, the change in the moisture content of dump-
lings during cryogenic exposure changed insignificantly. 
The samples using white meat from broiler chickens dif-
fered the most, where the sample using flour had a 1.34% 
lower moisture value than the sample with hemp protein.

The moisture content in experimental dumplings 
after defrosting decreased for all samples and had a val-
ue of 54.86-49.52%. At the same time, moisture loss was 
the largest in the control, and the smallest in dumplings 
with broiler chicken meat using flour and protein from 
hemp seeds.

The moisture-binding capacity has a direct im-
pact on the organoleptic and functional-technological 
properties of the product and is one of the key indica-
tors of the quality of the minced meat emulsion and the 
product in general.

To investigate the moisture-binding capaci-
ty, samples of minced meat were taken before freezing 
and after defrosting. The obtained experimental data of 
WBCw are presented in Figure 3.

Figure 3. WBCw values in dumplings before freezing and after defrosting
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The obtained experimental data of WBCw (Fig.  3) 
indicate that all samples had indicators at a sufficiently 
high level, which were corrected with the total moisture 
content of dumplings. Pork and beef dumpling samples had 
higher WBCw values compared to broiler chicken meat. At 
the same time, higher WBCw values were observed in sam-
ples with added protein compared to samples with hemp 
seed flour before freezing.

After defrosting, all minced meat samples decreased 
in WBCw, except sample No. 8 with hemp seed flour and 

broiler chicken white meat. Sample No. 1, which combined 
hemp seed protein with beef and pork, had the largest dif-
ference between WBCw values. In this sample, WBCw after 
defrosting decreased by 8.36% compared to the pre-freez-
ing value. The best indicators were sample No. 6 using pork 
and hemp seed flour, where both indicators were at the 
same level – 69.64% and 69.54%.

The results of the WBCm study are presented in 
Figure 4.

Figure 4. Value of WBCm in dumplings before freezing and after defrosting

The WBCm indicator (Fig. 4) characterises the mois-
ture-binding capacity of minced meat to moisture content. 
The obtained data indicate sufficiently high values of this 
indicator for model mincemeats, which for all samples 
were higher than 90.00%.

This indicator was the lowest in the sample using 
pork and beef meat and hemp seed flour. The change of 
this indicator after defrosting occurred unevenly: in sam-
ples using protein, WBCm values decreased, except for the 
recipe with white meat of broiler chickens, and for sam-
ples using flour, after defrosting, WBCm values increased, 
except for sample No. 7.

Therewith, the highest WBCm values were observed 
in samples using broiler chicken meat.

Emulsifying ability is an indicator that directly 
characterises the functional and technological combined 
minced meat. The qualitative composition of proteins and 
the quantitative ratio of protein moisture and fat in the 
composition of minced meat contribute to the formation 
of a stable emulsion structure. The emulsifying ability of 
minced meat for semifinished products in the dough cover-
ing was investigated after defrosting (Fig. 5).

Figure 5. The value of the emulsifying ability in the minced meat of semifinished products in the dough covering

According to the results of the emulsifying capacity 
obtained (Figure  5), all experimental samples using hemp 
seed processing products have higher values than the control, 
except for sample No.  2, the recipe of which included pork 
and vegetable protein. The most important was sample No. 5 

with beef, pork, and hemp seed flour, which was 56.97%. 
In experimental samples using hemp seed protein, the best 
combination was with red meat broiler chickens.

The “water activity” indicator is an essential indi-
cator that shows the state of moisture in the food product 
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and the direction of moisture-mass exchange. This indica-
tor characterises the presence of water in a state that can 
be involved in biochemical reactions and can be used by 
microorganisms for their vital activities.

The water activity (Aw) in dumpling samples was in-
vestigated after their defrosting, which allowed assessing the 
state of moisture in the product after freezing. The values of 
water activity are presented in the diagram in Figure 6.

All the samples of dumplings under study showed 
acceptable values for meat products of this assortment 
group in the range of 0.951-0.967 Aw, except for sample 
No. 7 using hemp seed flour and red meat of broiler chick-
ens, where the value was at the level of 0.972 Aw.

The water activity value of the control sample was at 
the level of 0.962 Aw, the lowest water activity values were 
shown by samples using beef and pork with protein from 
hemp seeds at the level of 0.957 Aw and 0.951 Aw, which is a 
good indicator for the microbiological safety of this group 
of products. The lowest water activity of the samples using 
hemp seed flour was the sample containing the white meat 
of broiler chickens.

Based on a review of literary sources, it is possible to 
conclude on the relevance of developing products with a com-
bined composition. Considering the prospects of non-con-
ventional protein-containing raw materials in Ukraine, prod-
ucts processed from hemp seeds are of particular interest.

The study  [36] of the effect of hemp seed flour on 
the functional and technological properties of meat-rich 
breads from the mechanically separated poultry meat of 
turkey showed their increase compared to the analogue, the 
recipe of which included wheat flour. The moisture content 
in the experimental samples increased and amounted to 
70.03-77.13%, and the moisture binding and emulsifying 
capacity increased by 15-20% on average.

According to research [42], the use of 5% hemp seed 
processing products in the composition of pork loaves, the 
moisture content in recipes using flour and protein were at 
the level of 63.04% and 62.96%, respectively.

The data were obtained by researchers [36; 42] testi-
fy to the high efficiency of hemp seed processing products 
in the composition of meat and meat-containing products. 
However, the comparison of the values of the functional 
and technological indicators of minced meat based on di-
verse types of meat raw materials and their change during 
the freezing process is still under studied.

The freezing process directly affects the moisture in 
the meat, and according to research  [43], it varies for di-
verse types of meat depending on the morphological com-
position of the raw material.

The obtained results of research on minced meat 
for dumplings before freezing confirm the data obtained by 
other researchers [36; 42]. Products processed from hemp 
seeds with meat raw materials of different origins did not 
significantly differ in moisture content from the control 
sample and had values higher than 65.0%. Moisture change 
after defrosting shows a considerable decrease in the sam-
ples using white broiler chicken meat and hemp seed pro-
tein, but all other plant-based samples showed better val-
ues than the control. Such results indicate better binding 
of moisture by plant protein-containing raw materials and 
reduction of its freezing.

The change in moisture during freezing also in-
fluences the moisture-binding capacity of minced meat. 
WBCw when using beef and pork with hemp seed protein 
was higher than the control and a similar sample with flour, 
but the loss of this indicator after defrosting was the high-
est. A sample using pork and hemp seed flour revealed no 
changes in WBCw.

The moisture-binding capacity to the mass of mois-
ture in the sample after defrosting showed uneven chang-
es. According to the results of the study, the combination of 
broiler chicken meat with hemp seed processing products 
gives the highest values. This is explained by the higher 
content of fibre and carbohydrates in flour.

The redistribution of moisture during the freezing 
process can cause changes and affect the formation of a 
stable meat emulsion. Comparing the combination of meat 
raw materials with vegetable protein-containing raw mate-
rials, the best emulsifying ability with flour is given by beef 
and pork, and with protein by broiler chicken meat.

The state of moisture after defrosting influences the 
chemical processes occurring in the raw meat and the de-
velopment of microorganisms. All samples developed had 
values in the range suitable for meat products – 0.967 Aw, 
except for the sample with red broiler chicken meat and 
hemp seed meal.

According to the results, semifinished products in a 
dough shell using hemp seed processing products give sta-
ble indicators after freezing, which proves the relevance of 
further research.

Figure 6. Value of water activity in samples of defrosted dumplings
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Анотація. Актуальність дослідження зумовлена збільшенням зацікавлення альтернативними джерелами білка, для 
вирішення проблеми забезпечення населення біологічно повноцінними продуктами харчування комбінованого 
складу. Метою роботи є дослідження впливу заморожування на стабільність вологовмісту напівфабрикатів у тістовій 
оболонці з використанням різних видів м’ясної сировини, протеїну й борошна з продуктів переробки насіння 
конопель. Для дослідження було складено вісім рецептур фаршів із використанням яловичини, свинини, червоного та 
білого м’яса курчат-бройлерів із борошном та протеїном із насіння коноплі в кількості 20 % до загальної маси фаршу. 
У зразках визначались показники вмісту вологи, вологозв’язуюча, емульгуюча здатність виробів до заморожування та 
після розморожування та активність води в розморожених виробах. В дослідних зразках виявлено суттєву різницю в 
стабільності вологовмісту напівфабрикатів, залежно від поєднання в рецептурах напівфабрикатів борошна і протеїну 
насіння конопель і традиційних видів м’ясної сировини під впливом заморожування. Визначено, що за показниками 
емульгуючої здатності краще поєднання має борошно з насіння конопель із м’ясом яловичини та свинини, а протеїн 
з м’ясом курчат-бройлерів. Усі модельні зразки фаршів мали значення вищі за 40 %, а всі зразки окрім поєднання 
протеїну конопель зі свининою, були вищими за контрольний. Дослідження значень активності води в розморожених 
пельменях були в межах норми до 0,970 Aw, а зразок із використанням протеїну з насіння коноплі та свинини мав 
найнижчий показник у 0,951 Aw. Проведені дослідження свідчать про доцільність селективного комбінування продуктів 
переробки насіння конопель із різними видами м’ясної сировини в складі напівфабрикатів у тістовій оболонці. 
Поєднання різних видів нетрадиційної білокумісної сировини в складі заморожених напівфабрикатів у тістовій 
оболонці потребує врахування їхньої технологічної сумісності для забезпечення можливості реалізації розроблених 
рецептур при виробництві пельменів в умовах промислового виробництва

Ключові слова: рослинні білки, протеїн, борошно з насіння коноплі, заморожені напівфабрикати, вологовміст, 
активність води

Вплив заморожування на характеристики напівфабрикатів
у тістовій оболонці з використанням нетрадиційної білокумісної сировини


