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Abstract. The article is based on research of the protein components of different nature analysis. The possibility of 

their use as components of protein and fat emulsions for the purpose of modeling their optimal formulations for use in the 
composition of meat pates was proved. Rational individuals’ emulsification process parameters, which guarantee high-quality 
homogeneous emulsions, were found. The samples of protein and fat emulsions using protein drugs and partial replacement of 
animal fats fortified blend of vegetable oils, determined by their biological value, rheological, functional and technological 
properties were investigated. Organoleptic analysis model of meat pates masses were analyzed and recommended percentage 
of protein and fat emulsions on recipes meat pates are shown. 
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Анотація. У статті досліджено білкові компоненти різної природи та доведено можливість їхнього викорис-

тання у якості складових білково-жирових емульсій для використання у складі м’ясних паштетів. Визначено раціона-
льні фізичні параметри процесу емульгування, які гарантують отримання високоякісних однорідних емульсій. Дослі-
джено зразки білково-жирових емульсій з використанням білкових препаратів та частковою заміною тваринних жирів 
вітамінізованими купажами рослинних олій, визначено їхню біологічна цінність, реологічні, функціонально-
технологічні властивості. Проаналізовано органолептичні показники модельних паштетних мас та наведено висновки 
щодо рекомендованого відсоткового вмісту білково-жирових емульсій у рецептурах м’ясних паштетів. 

Ключові слова: білково-жирова емульсія (БЖЕ), вітамінізовані купажі рослинних олій (ВКРО), м’ясні паштети. 
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Introduction  
 

The creation of foods with high nutritional and bio-
logical value is issue of the day. Meat pates products are not 
an exception because of involving the use of various proper-
ties of animal and vegetable raw materials. Liver and fats are 
usually used in the production of meat pastes. However, in 
the production of foods for a healthy diet it is suitable to re-
place animal fats with the alternative, namely the fortified 
blends of vegetable oils, which are rich with polyunsaturated 
fatty acids. Creating a balanced recipe of meat products in-
creased nutritional value, with an improved fatty acid com-
position and enriched with fat-soluble vitamins can be con-
sidered as important trends in modern nutrition. Technologi-
cal effect of the introduction of protein-lipid emulsions is 
based on fortified blends of vegetable oils in the formula-
tions of meat pate to improve the physical, chemical and 

functional and technological indicators, improving the sta-
bility of the meat of the system during the heat treatment and 
during the storage period. 
 

Formulation of the issue  
 

There is no sufficient number of information re-
sources for the simulation of high-quality protein and 
fat emulsions based on the fortified blends of vegetable 
oils, with certain indicators. Technological contrast of 
animal and plant protein products requires effective 
ways of using. That will take advantage of each of the-
se types of raw materials [1,2]. 

One of the technological solutions that will enable 
more efficient use of raw materials complex is sharing in the 
form of protein and fat emulsions, which is a technological 
product with certain quality parameters. Therefore, there is a 
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need to study the chemical and amino acid composition, and 
functional and technological properties of the protein prod-
ucts of animal and vegetable origin, their rational justifica-
tion for the amount of the compound with fortified blend of 
vegetable oils in the composition of protein and fat emul-
sions. 

There are many formulations of protein-fat emul-
sions with different ratios of protein, fat and a liquid compo-
nent. Behavior of protein in real meat systems is always 
considered in interrelation with other components (water, 
fat, minerals, etc.), and with the environmental conditions 
(pH, temperature) that vary during the process of raw mate-
rial processing. Therefore, in order to compile PFE that 
should be used in the production of meat pates, it is neces-
sary to study their functional and technological, rheological 
and organoleptic characteristics. 
 

Literature review  
 

One of the common ways of adjusting the com-
position of meat products is a combination of raw meat 
with ingredients of plant origin, which contains unique 
set of essential nutrients and various components of the 
therapeutic and prophylactic action: a high content of 
vegetable protein, unsaturated fatty acids, rich in min-
eral and vitamin composition. The use of vegetable raw 
materials, a natural concentrate of essential nutrients, 
can achieve synergies and a significant increase in 
health effects from the use of combined meat products, 
in contrast to similar products enriched with synthetic 
biologically active substances [3]. 

Research results which show that the juiciness 
and tenderness of meat fat content significantly af-
fects [4-6] are reflected in the works of A. Bolshakov, 
I. Rogov, A. Sokolov, S. Khlebnikov etc. In these stud-
ies it was shown that the addition of fat is necessary to 
ensure standardized quality indicators of meat prod-
ucts. The authors also demonstrated that the addition of 
fat in meat products is advantageously carried out in 
the form of emulsions, as in this way the fat is better 
absorbed by the human body. Emulsified fat and vita-
mins dissolved therein is better absorbed in the diges-
tive tract by increasing the contact surface with the en-
zymes involved in the digestion of [1]. 

Many scientific papers have been focused on 
the study of basic properties of two-component sys-
tems. They proved that the presence of various sub-
stances (proteins, salts, organic and inorganic acids, 
etc.) allows to change the functional properties of these 
systems even at low concentrations [7]. 

Thus, the development of recipes multi-protein-
fat emulsion is an urgent task in the creation of bal-
anced foods. 
 

Selection of components and protein and fat emul-
sions recipes modeling  

 

Chemical emulsifier choice and amino acid 
composition and the functional and technological 

properties of protein drugs, «Bilkoton A91», «Forward 
450» and «Supro 500E» were studied on basement of 
market analysis of protein drugs of plant and animal 
origin in order to adequately. 

Determination of emulsifying capacity of pro-
tein preparations was performed by developed 
R. Inklaar and J. Fourtuin, by preparing emulsions 
from 1 % on aqueous dispersions of protein and vege-
table oil to further homogenization, incubation, cen-
trifugation. The criterion of stability of emulsions in 
the original ratio of fatty and aqueous phases is the av-
erage ratio of the phases in the system [8]. 

Emulsions with the ability to unite fats were de-
termined by the prescription of the company «Central 
Soya», which is based on determining the amounts of 
fat, which held 1g sample [8]. 

Determining the ability of meat pates to unite 
fats was conducted by means of "Press" method, de-
veloped by R. Grau and R. Hamm in V. Volovinskf 
and B. Kelman`s modification [8]. 

Determining pH emulsions and meat pates was 
determined by potentiometric method. The method is 
based on measuring the electromotive force element, 
consisting of the electrode with a known size and ca-
pacity indicator (glass) electrode potential is due to the 
concentration of hydrogen ions in the test solution [8]. 

«Bilkoton A91» is a functional compound based 
on meat and connective tissue protein that has a high 
coefficient of moisture and fats-unites capacity, de-
signed for use in emulsified meat systems using Cut-
ters, mixers, Grinders. This fine cream-colored powder 
with characteristic taste and odor produced from genet-
ically unmodified products. In the manufacture of meat 
products for forcemeat dense structure, as well as to 
counter the secondary heating was used. To prepare 
emulsions recommended the following there was ratio 
used – 1:4:4. 

«Forward 450» is the complex nutritional sup-
plement that has high structural properties. This fine 
powder uniform light cream color with a characteristic 
odor produced from genetically unmodified products. 
It is used in food industry as a processing aid in the 
manufacture of meat products. To prepare emulsions 
recommended there was ratio used – 1:10:12. 

«Supro 500E» is an isolated soy protein, de-
rived from vegetable raw materials (soybeans). Pro-
vides texture and emulsion stability meat in various 
systems. With its high viscosity and solubility, hydro-
lyzes quickly and forms a thermo stable emulsion in 
meat products. Emulsified oil and moisture contributes 
to the formation of dense texture of the finished prod-
uct. To prepare emulsions recommended there was ra-
tio used – 1:4:4. 

Qualitative indicators of investigated protein 
drugs were provided by the manufacturer and shown in 
Table 1. 
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Table 1 – Qualitative indicators of investigated protein drugs 
 

Indicators of quality «Bilkoton A91» «Forward 450» «Supro 500E»
Physicochemical indicators:

Proteins, % is not less 90,0 63,5 90,0
Carbohydrates, % is not more - 21,1 -
Ash, % is not more 2,0 4,7 4,0
Fats, % is not more 4,0 5,0 1,0
Dampness, % is not more 4,0 5,7 5,0
рН (1% due to 20ºС) 5,6-7,0 6,4-6,8 6,9-7,6

Microbiological indicators:
MAFAnM, TEM in 1,0 g, is not more 1*103 1*103 1*103

CGB, in 0,01 g, including salmonella in 25 g Not allowed Not allowed Not allowed
 

Analysis of the chemical composition of dry 
protein preparations proves that they are full with meat 
pates raw material for products, but this is not enough 

for choosing components to create balanced product, 
so we must compare their amino acid composition 
which indicators are presented in Table 2. 

 

Table 2 – Amino acid composition of protein drugs research 
 

Name of amino ac-
ids 

Etalon (protein of 
chicken egg), mg/100 g

«Bilkoton А91», 
mg/100 g

«Forward»  
mg/100 g 

«Supro 500Е», 
mg/100g

Alanine – 4,60±0,02 3,40±0,02 3,90±0,04
Arginine 6,70±0,06 7,80±0,03 5,50±0,03 6,90±0,03
Aspartic acid 8,20±0,09 12,50±0,09 8,50±0,08 11,50±0,10
Cystine 2,30±0,01 4,60±0,02 2,80±0,01 4,00±0,06
Glutamine acid 12,60±1,10 16,40±0,11 11,90±0,09 16,30±0,12
Glycine 3,60±0,02 3,20±0,02 2,00±0,01 2,30±0,01
Gistidin 2,40±0,01 3,50±0,02 1,60±0,01 2,20±0,02
Valine + Methionine 8,50±0,06 8,30±0,02 4,75±0,02 7,80±0,09
Isoleucine 4,00±0,03 3,90±0,02 2,38±0,01 3,30±0,02
Leucine 7,00±0,06 6,90±0,03 5,20±0,03 6,02±0,05
Lysine 5,50±0,05 5,40±0,02 5,08±0,03 5,10±0,03
Proline 7,80±0,07 6,10±0,04 3,10±0,02 5,7±0,030
Serine 4,50±0,03 4,40±0,02 1,60±0,01 3,50±0,01
Trionin 4,00±0,02 4,20±0,01 2,20±0,02 4,10±0,01
Tryptophan 1,00±0,01 1,20 ±0,01 0,70±0,01 1,10±0,01
Phenylalanine 6,00±0,01 6,91 ±0,01 2,91±0,04 5,82±0,06
 

As shown in Table 2, high-grade animal pro-
teins that form the basis of protein drugs «Bilkoton 
A91» and «Forward 450» far superior plant («Suprо 
500E») on the balance for the amino acid composition. 

For evaluation of functional and technological proper-
ties of protein drugs there was conducted relevant re-
search. Results are presented in Table 3. 

 

Table 3 – Functional and technological properties of protein drugs research 
 

Functional and technological properties «Bilkoton А91» «Forward 450» «Supro 500Е»
Water-holding capacity, % 120,3 103,7 119,1

Fat-holding capacity, % 126,6 121,5 126,2
Emulsifying capacity, % 231,8 230,6 210,4

 

The results of the analysis of protein prepara-
tions indicate that all protein drugs have high function-
al and technological properties, but it provides the 
highest protein «Bilkoton A91». 

The influence of technological factors on prop-
erties of emulsions was investigated in order to im-
prove the technology of protein and fat emulsions 
made from two-component and three-component forti-
fied vegetable oil and protein components and to de-
velop recommendations for their use in technology of 
meat pates. 

Preparation of protein and fat emulsions con-
ducted in the technological scheme was shown оn Fig-
ure 1. There wеre used such components as protein 
drugs, two-component and three-component fortified 
vegetable oil and water. 

Based on preliminary studies, the use fortified 
blends of vegetable oils were designed and selected 
proteins as components for making protein and fat 
emulsions intended to add to the recipe meat pates 
planned. 

Six formulations of protein and fat emulsions 
comprised of fortified vegetable oil blend, blend № 3 – 
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fortified blends of vegetable oils, two-component (the 
ratio of ω-6:ω-3 is 10:1), pumpkin (90 %) + linen 
(10 %); blend № 9 – fortified blends of vegetable oils 
three-component (the ratio of ω-6: ω-3 is 5: 1), sun-

flower (77.5%) + linseed (9.5%) and protein compo-
nents, «Bilkoton A91», «Forward 450», «Suprо 500E» 
were suggested. Samples developed recipes are pre-
sented in Table 4. 

 

 
Fig. 1. Technological scheme of protein and fat emulsions preparation 

 
Table 4 – Recipes of protein and fat emulsions 

 

Indicators Variants of recipes of protein and fat emulsions 
Control №1 №2 №3 №4 №5 №6

Raw, kg to 100 kg of emulsion:
Bilkoton А91 – 10 10 – – – –
Forward 450 – – – 5 5 – –
Supro 500Е – – – – – 10 10
Animal fats 45 – – – – – –
Pork skin 10 – – – – – –

Fortified blended vegetable oils:
Blending №3 (two-component) – 45 – 45 – 45 –
Blending №9 (three-component) – – 45 – 45 – 45
Water 45 45 45 50 50 45 45
All 100 100 100 100 100 100 100

Retio, %:
Protein: Fat 1,0:3,0 1,0:4,0 1,0:4,0 1,0:6,1 1,0:6,7 1,0:5,6 1,0:6,6
Protein: Dampness 1,0:3,0 1,0:4,0 1,0:4,1 1,0:5,7 1,0:7,5 1,0:6,0 1,0:7,3
 

It is known that the main physical factors affecting 
the quality of the emulsified product are the rate and dura-
tion of the emulsification process. It was proved experimen-
tally that emulsification takes place most efficiently when 
the dispersing device a rotor speed of 3000 rpm-1 and the op-
timal duration of the process – from 6 to 10 minutes. 

The proposed design principle of protein and fat 
emulsions formulations based on the replacement of the 
content of animal fat fortified blends of vegetable oils, de-
signed to increase the proportion of polyunsaturated fatty ac-
ids sources ratio ω3:ω6; holstering decrease in raw materi-
als; increasing the biological value; prevent oxidative dam-
age to the product; increase shelf life by maintaining the ad-
dition of natural antioxidants and vitamins; improve nutri-
tional value of the product due to the introduction in the 
formulation of protein drugs «Bilkoton A91», «For-
ward 450», «Suprо 500E». 

The criterion for the choice of rational variant for-
mulations for and fat emulsions meat pates were the ratio of 
protein and fat in the compositions, as well as the cost of 

prototypes. The protein composition of the prescription was 
presented with meat poultry, and fat emulsion based on for-
tified blended vegetable oils. Introduction fortified blends of 
vegetable oils emulsion due to their high biological value, 
provided the content of vitamins β-carotene and tocopherol 
and high content of polyunsaturated fatty acids. 

At this stage of the work studied emulsion properties 
on the example of a protein supplement «Bilkoton A91» 
(using a 1 % solution of protein) in the systems of «fat 
phase» (triple vitamin blended vegetable oil) the variance 
with the «Bilkoton A91». 

Studies of «Bilkoton A91» fat phase and protein 
blend in the determination of the ability emulsion showed 
that the introduction of the fat phase to 50 % provides a sta-
ble emulsion. 

The effective application of the production of tradi-
tional protein and fat emulsions of meat products is needed 
to know the patterns of change in the basic functional and 
technological properties such as dynamic viscosity, water-
holding capacity, fat-holding ability, emulsion stability. This 

Adding fortified blended vegetable oils 
 (after 3 – 5 min of chopping) 

Chopping-emulsifying in meat 
grinder, v=3000 rpm-1  

τ (6 – 10) min 

Adding water, warmed to t 
(70 – 75) ºС 

Adding selected protein prod-
ucts  

Fat-protein emulsion 

Cooling to t 10 – 12 ºС 
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is the most significant indicators of the emulsion, as they af-
fect the quality of finished meat products. 

It is known that represents protein and fat emulsions 
dispersions that have a coagulation structure [9,10]. In the 
formation of coagulation structures play an essential role 
protein and fat emulsions surfactants dissolved in water and 
proteins which act as stabilizers and emulsifiers formed and 
systems can significantly modify their rheological proper-
ties. Rheological properties of investigated protein-fat emul-
sions are given in Table 5. 

Studies indicate that not all protein drugs can im-
prove the rheological properties protein and fat emulsion. 
The best indicators observed in the samples are introduced 
into the protein preparation «Bilkoton A91». 

Series of the studies showed that the introduction of 
in blended protein and fat emulsion improves their basic in-
dicators of functional properties, including the ability water-
holding protein and fat emulsion with «Bilkoton A91» on 
average 9.0 % higher compared with other proteins, and in-
crease water-holding pH promotes increased capacity (high 
school) emulsion. High level water-holding capacity – 

96.5 %, 95.1 %, fat-holding capacity – 95.1 %, 94.8 % and 
emulsifying capacity – 96.8 % to 95.4 % samples with 
«Bilkoton A91» ensures the stability of these emulsions is 
an average of 4,0-6,0 % higher than in the control and other 
samples displayed on losses during heat treatment, which on 
average by 3 – 5 % compared other samples (Fig. 2), were 
WHC – water holding capacity, FHC – fat holding capacity, 
ER – emulsion resistance. 

 

Table 5 – Rheology study  
of protein-fat emulsions (PFE) 

Emulsion 
samples

Dynamic viscos-
ity, Ра·с-1 

The threshold volt-
age shift, Ра

Control 30,1±0,6 4,8±0,3
PFE №1 44,3±0,3 5,5±0,3
PFE №2 41,5±0,4 5,3±0,1
PFE №3 34,8±0,4 4,7±0,1
PFE №4 36,3±0,5 5,1±0,2
PFE №5 30,1±0,6 4,6±0,3 
PFE №6 35,6±0,4 4,8±0,1

 

 

 
 

The highest level of rheological and functional 
properties was marked with the protein in protein and 
fat emulsion «Bilkoton A91». In this connection, in 
further studies as a protein component for protein and 
fat emulsion recipes was elected «Bilkoton A91» in 
combination with two-component (pumpkin, flax oil) 
and three-component (pumpkin, linseed oil) blended 
fortified vegetable oils with a ratio of ω-6:ω-3 is 10:1 
and the ratio of ω-6:ω-3 is 5:1. 

One of the factors that ensure the quality of 
manufactured products is its organoleptic characteris-
tics. Therefore, an analysis of the impact of protein and 
fat emulsions the organoleptic characteristics of model 
of meat pates masses, which showed that taste aromatic 
characteristics of each oil used in the manufacture pro-
tein and fat emulsion significantly expressed in the fin-
ished product. 

Organoleptic evaluation meat pates mass of pro-
tein and fat emulsion based on fortified vegetable oil 
shows that adding them to recipes pates in the amount 
of 15 – 20 % does not degrade the taste, smell and does 
not affect the consistency of the products. At higher 

concentrations BZHE (25 – 30 %) in the meat pates 
mass color is pale, the products acquire the taste and 
odor is characteristic of vegetable oils, especially 
pumpkin. 

Therefore, meat pates recipes are recommended 
for making 15 – 20 % protein and fat emulsion. 
 

Conclusions  
 

The results of the studies of the influence of 
prescription components in the quality of protein and 
fat emulsions, as well as practical recommendations for 
protein drugs, developed formulations of multicompo-
nent protein and fat emulsions, which include fortified 
blended vegetable oils and protein components, 
«Bilkoton A91», «Forward 45», «Suprо 500E». The 
introduction of the protein preparations fat-protein data 
improves the rheological properties and functional 
properties of emulsions. In this case the highest level 
of use of these properties provides «Bilkoton A91», 
which at 4.0 – 6.0 % is higher on average than the con-
trol and other samples affects the losses during thermal 
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processing, in which an average of 3 – 5 % less than 
the other samples. 

An organoleptic estimation model samples were 
shown, the results of which revealed that the formula-
tions of the meat pates are advisable to make protein-
fat emulsion in an amount of 15 – 20 %. 

On the basis of experimental data the rational 
parameters of emulsification were investigated. Name-
ly they are the process speed – 3000 rpm-1 and the total 
duration of the process – 6 –10 min. 
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Аннотация. В статье на основании исследований проанализированы белковые компоненты различной приро-

ды и доказана возможность их использования в качестве компонентов белково-жировых эмульсий с целью моделиро-
вания оптимальных рецептур для дальнейшего использования в составе мясных паштетов. Определены рациональные 
физические параметры процесса эмульгирования, которые гарантируют получение высококачественных однородных 
эмульсий. Исследованы образцы белково-жировых эмульсий с использованием белковых препаратов и частичной за-
меной животных жиров витаминизированными купажами растительных масел, определена их биологическая цен-
ность, реологические, функционально-технологические свойства. Проанализированы органолептические показатели 
модельных паштетных масс и приведены выводы относительно рекомендованного процентного содержания белково-
жировых эмульсий в рецептурах мясных паштетов. 

Ключевые слова: белково-жировая эмульсия, купажированные растительные масла, мясные паштеты. 
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