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1 BopoHexkckuii rocy JapcTBEHHBIH arpapHblil yHUBepcuTeT uMeHH umneparopa Ilerpa I, yi. Muuypuna, 1, r. Boporex, 394087, Poccus

2 BopoHexckuii rocy1apcTBEHHbIH YHHBEPCUTET HEDKEHEPHBIX TEXHOIOTHH, 1p-T PeBomronuy, 19, r. Boponex, 394036, Poccust
AHHoTanus. BenkoBas HEIOCTATOYHOCT PALMOHOB Pa3IUYHBIX JCTCPMUHHPOBAHHBIX TIPYII HOTpeOWTENeH SBIACTCS CEPbE3HOH
HyTpHIOTIoruueckoii npobiemoii. [Ipobnema neduiira 6enka B paliioHax MOXKET ObITh pellieHa 3a CUeT pa3paboTKu OSTKOBBIX CMecei ATt UX
o0oramnieHus ¢ y4eToM TeHCHIMI IepCOHAT3UPOBAHHOTO MiTaHus. IlepepaboTka MOJIOYHON CHIBOPOTKH METOaMH MEMOPAHHBIX TEXHOJIOTUH
coorBerctByeT KoHuenuuu Green, Circular, Bio economy. MemOpaHHbIe TEXHOIOTHH TMO3BOJSIIOT (DPAKIIMOHUPOBATH PA3THYHbIC KOMIIOHEHTBI
MOJIOYHOH CBIBOPOTKH ¥ MOJTy4aTh BEICOKOTEXHOIOTMYHbIE OEIKOBBIC IPOAYKTHL. Llesb HecnenoBanus - pa3paboTka 6a30BOH peLeNTypbl, OLICHKA
OpraHOJIENTHYECKUX CBOWCTB U (DU3MKO-XMMHUECKUX MOKa3aTesell CyXoi OeKOBOM CMECH Ha OCHOBE CHIBOPOTOUYHBIX OCITKOB, MOTYYCHHOH Ha
OCHOBE MEMOpaHHBIX METOIOB. B KauecTBe OCHOBHOTO KOMIIOHEHTa OENKOBOI CMECH MCHOJb30BAJIM KOHLEHTPAT CHIBOPOTOYHOro Oeinka Y®
KCB-80. KoHLIEHTpaT 1 H30JI4T CHIBOPOTOUHOTO O€lKa B COOTHOLIEHUH 6:1 COCTABIISIIOT OCHOBY pa3paboTaHHoOl 6enkoBoil cmecH. [1pensnoxeHsl
BApUAHThI PACLIMPEHHs] aCCOPTUMEHTA BKYCOBBIX J00aBOK I CyXHX OEIKOBBIX cMecel 3a cueT KOMOMHMPOBAHMS TPAJMIIMOHHBIX BKYCOBBIX
nobaBok «KityOHuKay, «BuiHsy, «161m0ko», «AHanacy, «/piHsay. [IpeaycMOTpeHO OMIMOHHOE BHECEHHE KCTPAKTOB Mamaiin M aHaHaca Ha
Cltyyail CHHIKEHHUsI aKTUBHOCTH MMILEBAPUTENBHBIX ()EPMEHTOB, HAIIPUMED, Y HOXKWIBIX Jtojied. TexHomornueckas cxema MoJy4eHus roTOBOIo
IPOIYKTa IPEXyCMAaTPUBAET CyXO€ ABYXCTAIHUIIHOE CMEIIMBAHHE KOMIIOHEHTOB B COOTBEICTBHH C Pa3pabOTaHHOM HAaMU PELENTYpOHd H
NpUMEHEHHE CepUIHO BhIITyckaeMoro o0opynoBanus. bemkoBas cMech NpeAcTaBiseT co00H CyXoH MOPOIIOK U PEKOMEH/YeTCs K HCIIOIb30BAHHIO
B KIJIKOM BHUJIE ITyTEM BOCCTAaHOBJICHHUS €€ BOJOH, MOJIOKOM HJIM HaTypaJIbHBIM COKOM, Harpumep, Butrpacc. CocTaB U CBOKMCTBA pa3pabOTaHHOM
Cyxoil OENMKOBOM CMeCH HCCIIEIOBAM B COOTBETCTBUH C O(PUIMAIBHBIMH M OOIIEPU3HAHHBIMI METOAMKAMH WCIbITAHHKA. Pa3paboTaHHBIN
npoaykt coorBercTByeT TpeboBanusM TP TC 021/2012 «O 6e30macHOCTH MUIIEBBIX MTPOIYKTOB» U MOXKET OBITH PEKOMEHIIOBAH ISl IIOBBIIIICHUS
aJIaNTallIOHHBIX BO3MOXKHOCTEH MOTpeOuTeNeil pa3inyHbIX BO3PACTHBIX U (PU3MOIOrHYECKHX TPYHI K (PU3HIECKUM M HEPBHO-OMOLMOHAIBHBIM
Harpyskam, B Ka4eCTBE OOLICYKPEIUIIONEr0 KOMIOHEHTA PALIHOHOB ITUTAHNSL.
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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
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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.
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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)
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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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Acceptance of raw materials. quality control (GOST 34352-2017)
1
Cooling (t=4=2-C) and storage (if necessary) Table 1.
i Organoleptic characteristics UF
Cleaning whey from casein dust and milk fut WPC - 80 [1 1]
(t=43:2-C) —
g Characteristic
¥ Characteristic content
Pasteurization (t=76:2-C. T=15 s) Clean, Whey,
Taste and sweetish, without
] smell foreign tastes and
Cooling down to t=(10-12) -C . odors
Fine powder or
¥ powder consisting of
: . g single and
Fut cleaning using microfiltration
agglomerated
¥ particles.
] form A small amount of
Cheese Ultrafiltration (t=10-12-C) lumps is allowed,
whey i crumbling under
permeate llght mechanical
Diafiltration (t=10-12-C) stress
i White with a cream
- Colour shade, homogeneous
g
Spray drying throughout the mass

(in temperature 140-160-C. out temperature- 70-100-C)

i

Packaging. marking and storage before sale

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
p. 6,1-6,8
Solubility index, cm? <0,3
Purity group >[I
Temperature at discharge, °C 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
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"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
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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 Macsg rg?gggli’o%he

Whey protein concentrate UF

wpe 250 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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Technological process Parameters and indicators

T=5-25C
relative humidity < 65 %

Acceptance and storage
of raw materials

Mix preparation Component weighing
- Enzyme extracts
Dosage
Food coloring
Mixing stage 1
- Sweeteners - .

Intermediate storage

Flavors - '
Dosage
Whey protein isolate

Mixing stage 2
- Whey protein concentrate =

Packing, packaging, labeling

Quality control

Storage T=20+5°C,

humidity < 65 %
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Table 4.
Organoleptic characteristics of dry protein
mixture based on whey proteins

Indicator Index
Fine, homogeneous dry powder.
The presence of easily crumbling
Form lumps is allowed with light

mechanical stress. Reconstituted
— homogeneous solution without
sediment

Clean, with a pleasant aroma and

taste, determined by the type of
flavoring additives used

White to light cream. When

reconstituted, the color is

determined by the colorants and

flavors used

Taste and smell

Colour

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, % 4,7+0,2 Federal standard 15113.4
Protein mass content, % 73,240,1 Federal standard 26889
Fat mass content, % 8,2+19 Federal standard 15113.9
Carbohydrates mass content, % 7,7+0,14 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
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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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