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Аннотация. Белковая недостаточность рационов различных детерминированных групп потребителей является серьезной 
нутрициологической проблемой. Проблема дефицита белка в рационах может быть решена за счет разработки белковых смесей для их 
обогащения с учетом тенденций персонализированного питания. Переработка молочной сыворотки методами мембранных технологий 
соответствует концепции Green, Circular, Bio economy. Мембранные технологии позволяют фракционировать различные компоненты 
молочной сыворотки и получать высокотехнологичные белковые продукты. Цель исследования - разработка базовой рецептуры, оценка 
органолептических свойств и физико-химических показателей сухой белковой смеси на основе сывороточных белков, полученной на 
основе мембранных методов. В качестве основного компонента белковой смеси использовали концентрат сывороточного белка УФ 
КСБ-80. Концентрат и изолят сывороточного белка в соотношении 6:1 составляют основу разработанной белковой смеси. Предложены 
варианты расширения ассортимента вкусовых добавок для сухих белковых смесей за счет комбинирования традиционных вкусовых 
добавок «Клубника», «Вишня», «Яблоко», «Ананас», «Дыня». Предусмотрено опционное внесение экстрактов папайи и ананаса на 
случай снижения активности пищеварительных ферментов, например, у пожилых людей. Технологическая схема получения готового 
продукта предусматривает сухое двухстадийное смешивание компонентов в соответствии с разработанной нами рецептурой и 
применение серийно выпускаемого оборудования. Белковая смесь представляет собой сухой порошок и рекомендуется к использованию 
в жидком виде путем восстановления ее водой, молоком или натуральным соком, например, витграсс. Состав и свойства разработанной 
сухой белковой смеси исследовали в соответствии с официальными и общепризнанными методиками испытаний. Разработанный 
продукт соответствует требованиям ТР ТС 021/2012 «О безопасности пищевых продуктов» и может быть рекомендован для повышения 
адаптационных возможностей потребителей различных возрастных и физиологических групп к физическим и нервно-эмоциональным 
нагрузкам, в качестве общеукрепляющего компонента рационов питания. 
Ключевые слова: молочная сыворотка, фортификация, концентрат сывороточного белка, изолят, сывороточный белок, белковая смесь. 
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Abstract. Protein deficiency in the diets of various determined groups of consumers is a serious nutritional problem. The problem of protein 
deficiency in diets can be solved by developing protein mixtures for their enrichment, taking into account trends in personalized nutrition. 
Whey processing using membrane technologies corresponds to the concept of Green, Circular, Bio economy. Membrane technologies make it 
possible to fractionate various whey components and obtain high-tech protein products. The aim of the study is to develop a basic recipe, assess 
the organoleptic properties and physicochemical characteristics of a dry protein mixture based on whey proteins obtained on the basis of 
membrane methods. Whey protein concentrate UF WPC - 80 was used as the main component of the protein mixture. Whey protein concentrate 
and isolate in a 6:1 ratio form the basis of the protein mixture we have developed. We offered options for expanding the range of flavoring 
additives for dry protein mixtures by combining traditional flavoring additives "Strawberry", "Cherry", "Apple", "Pineapple", "Melon". We 
have provided an optional addition of papaya and pineapple extracts in case of decreased activity of digestive enzymes, for example, in the 
elderly people. The technological scheme for obtaining the finished product provides for two-stages dry mixing of the components and the use 
of commercially available equipment. The protein mixture is a dry powder and is recommended for use in liquid form by restoring it with 
water, milk or natural juice, for example, veatgrass. We investigated the composition and properties of the developed dry protein mixture in 
accordance with official and generally recognized test methods. The developed product meets the requirements of TR CU 021/2012 "On food 
safety" and can be recommended to increase the adaptive capabilities of consumers of various age and physiological groups to physical and 
neuro-emotional stress, as a fortifying component of diets 
Keywords: whey, fortification, whey protein concentrate, whey protein isolate, dry protein mixture. 
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Introduction 
The development of food industry technologies 

should comply with the concept of Green, Circular, 
Bio economy, as it is aimed at achieving integrated 
"economic, environmental and social goals" [1]. 
Among the enterprises of the food industry, milk 
processing enterprises attract attention as objects 
that are potentially hazardous to the environment [2]. 
It is necessary that they apply effective methods 
aimed at protecting the environment and rational 
use of secondary raw materials [3, 4]. The works of 
a number of authors have shown that membrane 
technologies make it possible to fractionate various 
components of whey and obtain high-tech protein 
products with added value [5]. On the other hand, 
protein deficiency in the diets of various deter-
mined groups of consumers is a serious nutritional 
problem [6]. Protein deficiency is characterized  
by a deficiency in the human body of proteins  
due to their inadequate intake, or a violation of their 
assimilation and metabolism (Figure 1). The prob-
lems of protein deficiency in diets can be solved by 

developing protein mixtures for their fortification, 
considering the trends in personalized nutrition [7]. 
Thus, the improvement of formulations and tech-
nologies of dry protein mixes based on secondary 
resources of livestock products whey proteins,  
is an urgent task [8]. 

The purpose of the study is to develop  
a basic formulation, evaluate the organoleptic 
properties and physicochemical characteristics  
of a dry protein mixture based on whey proteins  
obtained using membrane methods. 

Materials and methods 

When developing the formulation of the dry 
protein mixture, whey protein concentrate UF 
WPC 80 produced by Molvest JSC, Kalach was used 
as the basis. The block diagram of the production 
of KSB is shown in Figure 2. The conditions  
and modes of production, the characteristics  
of the organoleptic and physico-chemical indicators  
of KSB-UV-80 are presented in Figure 3, tables 1 and 2. 

 

Figure 1. Diagram of amino acid metabolism pathways in the human body, according to Report of an FAO Expert 
Consultation (Aucklend, New Zealand, 31 March – 2 April, 2011) 

 
Figure 2. Initial, intermediate and final products in the processing of cheese whey by ultra – and microfiltration methods 
to obtain dry whey protein concentrate [9] 
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Table 1 .  
Organoleptic characteristics UF 

WPC – 80 [11] 

Characteristic Characteristic 
content 

Taste and 
smell 

Clean, whey, 
sweetish, without 
foreign tastes and 

odors 

form 

Fine powder or 
powder consisting of 

single and 
agglomerated 

particles.  
A small amount of 
lumps is allowed, 
crumbling under 
light mechanical 

stress 

Colour 
White with a cream 
shade, homogeneous 
throughout the mass 

 

Figure 3. Technological scheme to produce UF whey protein concentrate [10]  
 

Table 2.  
Physical and chemical indicators UF WPC – 80 [11] 

Indicator Value 
Mass fraction, %:  
 moisture 5,0 
 protein ≤76,0 
 protein in DM, % ≥80,0 
 fat, % ≤8,0 
 lactose, % ≤9,0 
pH 6,1–6,8 
Solubility index, cm3 <0,3 
Purity group >II 
Temperature at discharge, оС 2–20 

 

The composition and properties of the devel-
oped dry protein mixture were studied in accordance 
with official and generally recognized test methods. 
The mass fraction of moisture was determined  
according to GOST 15113.4 “Food concentrates. 
Moisture determination methods”; mass fraction of 
protein – according to GOST 26889 “Food and flavor 
products. General guidelines for the determination 
of nitrogen content by the Kjeldahl method”; mass 
fraction of fat – according to GOST 15113.9 “Food 
concentrates. Methods for determination of fat”; 
mass fraction of carbohydrates – according to 
GOST R 54667 “Milk and milk processing prod-
ucts. Methods for determining the mass fraction  
of sugars. The content of lead and cadmium was 
determined according to GOST 30178 “Raw mate-
rials and food products. Atomic absorption method 
for determination of toxic elements”; arsenic con-
tent – according to GOST R 51766 "Atomic ab-
sorption method for the determination of arsenic"; 
mercury content – according to MI 5178–90 

"Guidelines for the detection and determination  
of the total mercury content in food products by 
flameless atomic absorption". 

The discussion of the results 

The solution of the problem of fortification 
of food rations of various deterministic groups  
of consumers is the subject of study and discussion 
by many researchers [12–14]. 

Scientific research is being carried out aimed 
at improving prescription-component solutions  
of specialized products for the nutrition of various 
deterministic consumer groups, in particular, sports 
nutrition [15, 16], nutrition for pregnant and lactating 
women [17], school meals [18]. 

The issues of nutritional support in the nutri-
tion of people who are unable to combine a rational 
regime of work and rest due to social deprivation 
are discussed [19]. 

The subject of research is the effect of indi-
vidual products and ingredients on physical fitness, 
endurance, health status of athletes and people with 
increased physical activity [16]. However, the prob-
lem of nutrition of older and elderly people, in our 
opinion, has received little attention [20, 21, 22], 
especially taking into account the criterion of min-
imizing raw material costs based on the effective 
use of whey protein components. The solution  
to this problem is associated with the development 
of specialized food products, applicable, among 
other things, for correcting the basic diets of older 
and older people. 
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In 2019, the pension system was reformed  
in Russia, which provides for a gradual increase  
in the retirement age for women from 55 to 60 and 
for men from 60 to 65 years. In this regard, there is 
a strategic task of maintaining the health of the 
body of the elderly (60–74 years), which implies 
two directions for its implementation. The first is 
the promotion of a healthy lifestyle. The second is 
a healthy diet, taking into account the physiological 
characteristics of the body. 

In the works of other authors scientifically 
substantiated and experimentally confirmed the 
feasibility of using milk proteins, vitamin and min-
eral fortifiers when creating dry mixes intended for 
the nutrition of the elderly [19, 21, 22]. They 
showed that the quality, safety and high consumer 
properties of products should be due to the use of 
high-protein whey preparations with an optimal 
amino acid composition. 

The closest in composition and properties  
to the developed product are specialized products 
for athletes and baby food, the composition of which 
provides for the use of animal proteins. At the same 
time, considering collagen and whey proteins as an 
alternative, it should be emphasized that among all 
proteins of animal origin, milk whey proteins are 
the most valuable for the human body due to the 
rate of their assimilation, which is determined by 
the amino acid composition of these proteins, which  
is almost identical to the amino acid composition 
of human skeletal muscle. 

We have developed a basic formulation of 
 a dry protein mixture to ensure the protein status 
of the human body (Table 3). Whey protein con-
centrate and isolate in the ratio of 6:1 form the basis 
of the protein mixture formula developed by us.  
An important stage in the development of a dry 
protein mixture for fortifying food rations is the 
formation of its flavor profile. for which the use of 
flavors, sweeteners, natural food colors is provided. 
Options for expanding the range of flavor solutions 
for dry protein mixtures by combining traditional 
flavoring additives "Strawberry", "Cherry", "Apple", 
"Pineapple", "Melon" are proposed. In case of re-
duced activity of digestive enzymes, for example, 
in the elderly, the optional addition of papaya and 
pineapple extracts is provided. 

To attract the attention of consumers, satisfy 
their preferences, the product must have excellent 
tastes, the originality of which comes down to 
changing several production parameters – the use 
of various flavoring additives. So, for example, the 
usual tastes of "Strawberry", "Cherry", "Apple", 
"Pineapple" and "Melon" with the addition  
of a certain amount of flavor additive "Biscuit" can 
be organoleptically identified as the modern taste 
of the French confectionery "Macaron", which exists 
in combined with strawberries, cherries or other 

fruit jams. When using "Strawberry" and "Marsh-
mallow" flavors in equal proportion, you can get 
the taste of "Strawberry Marshmallow", and when 
using several fruit flavors (VAD) at once, you can 
get the tastes of "Malibu" and "Tutti-Frutti". 

In addition to expanding the range of flavor 
solutions, due to such techniques in a limited list of 
dietary supplements, it is possible not only to increase 
the variety of products, but also to more rationally use 
the stocks of raw materials in production, increase the 
originality and recognition of the brand of this 
group of goods in a competitive environment. 

The remaining ingredients of the dry mix 
formulation can be optionally added, taking into 
account the physiological characteristics and he-
donistic preferences of specific deterministic con-
sumer groups, taking into account the gradation of 
the daily requirement for proteins of animal origin (g), 
recommended by the Norms of Physiological  
Requirements for Energy and Nutrients [23], which,  
in particular, includes: children from 7 to 18 years; 
men aged 18–29 years of the II group of physical 
activity; men aged 18–29 years of group V of physical 
activity; men over 60; women aged 18–29 years  
of the II group of physical activity; women during 
pregnancy, women during the period of feeding  
a child (1–6 months); women over 60. 

The technological scheme for obtaining the 
finished product provides for two-stages dry mixing  
of the components in accordance with the recipe 
developed by us and the use of commercially avail-
able equipment (Figure 4). 

Whey proteins are characterized by increased 
solubility, foaming, and emulsifying properties,  
resulting in a reduced reconstitution process com-
pared to other animal protein sources. 

The effectiveness of the product is affected 
not only by its physical and chemical characteristics, 
but also by organoleptic properties. This makes  
it expedient to form a line of products that differ  
in flavor profile based on the basic variant of the 
mixture recipe (Table 4). 

The physicochemical parameters of the devel-
oped dry protein mixture are presented in Table 5,  
the results of the assessment of the content of toxic 
elements are in Table 6. 

Table 3.  
An example of the basic formulation of a dry 

protein mixture based on whey proteins  

Component name Mass fraction of the 
component, % 

Whey protein concentrate UF 
WPC – 80 78,000 

Whey Protein Isolate 12,800 
Flavour intensifiers 8,7000 
Sweeteners 0,4800 
Food coloring agents 0,0157 
Papaya extract (optional) 0,0022 
Pineapple extract (optional) 0,0021 
TOTAL: 100,0000 
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Table 4 .  
Organoleptic characteristics of dry protein 

mixture based on whey proteins 
Indicator  Index 

Form 

Fine, homogeneous dry powder. 
The presence of easily crumbling 

lumps is allowed with light 
mechanical stress. Reconstituted 
– homogeneous solution without 

sediment 

Taste and smell 
Clean, with a pleasant aroma and 
taste, determined by the type of 

flavoring additives used 

Colour 
White to light cream. When 

reconstituted, the color is 
determined by the colorants and 

flavors used 
 

Figure 4. Technological scheme to produce a mixture of protein 
dry based on whey proteins 

 

 

Table 5.  
Physicochemical indicators of dry protein mixture based on whey proteins 

Indicators Analysis result Test methods 
Moisture mass content, % 4,70,2 Federal standard 15113.4 
Protein mass content, % 73,20,1 Federal standard 26889 
Fat mass content, % 8,219 Federal standard 15113.9 
Carbohydrates mass content, % 7,70,14 Federal standard R 54667 

 

Table 6.  
The content of toxic elements in a mixture of protein dry based on whey proteins 

Indicators Result Acceptable level Test methods 
Lead, mg/kg <0.02 ≤0.3 Federal standard 30178 
Arsenic, mg/kg <0.02 ≤0.2 Federal standard R 51766 
Cadmium, mg/kg <0.003 ≤0.05 Federal standard 30178 
Mercury, mg/kg <0.02 ≤0.03 MI 5178–90 

 
The protein mixture is a dry powder and is 

recommended for use in liquid form by reconstitution 
with water, milk, or natural juice, such as wheatgrass. 
Its use is promising in the manufacture of puddings, 
whipped desserts, vegetable, and sweet casseroles. 

The developed product complies with the  
requirements of TR TS 021/2012 "On food safety" 
and can be recommended to increase the adaptive 
capabilities of consumers of different age and  
physiological groups to physical and neuro-emotional 
stress, as a fortifying component of diets. 

Conclusion 
Whey processing using membrane technologies 

corresponds to the concept of Green, Circular, Bio 
economy. A basic formulation of a dry protein mixture 

based on whey protein concentrate KSB-UV-80 
and recommendations for its use, considering  
nutritional characteristics in determining the daily 
requirement for proteins for various consumer 
groups in accordance with the Norms of physiological 
needs for energy and nutrients, have been developed [23]. 

The technological scheme for obtaining the 
finished product provides for dry mixing of the 
components in accordance with the recipe devel-
oped by us and the use of commercially available 
equipment. Powdered protein powder is a dry powder 
used for nutrition in liquid form by reconstituting  
it with water or milk. and can be recommended to 
ensure the protein status of the human body, including 
increasing the adaptive capabilities of consumers 
of different age and physiological groups. 
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