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Abstract.

Only high-quality products are competitive, and competitive products have to meet all kinds of requirements, from regulatory
documentation to consumer expectations. Functional foods, such as yogurt, are designed with targeted properties, which is
a complex task that requires a methodologically universal approach. The research objective was to develop and test a new
approach to developing the targeted properties in functional yoghurts.

The research featured a new technology and formulation of functional yogurt with sea buckthorn and cryopowdered germinated
rye. The study involved qualimetric forecasting methodology, as well as standard quality assessment tools and analysis methods.
The new approach included several stages: 1) identifying requirements for product quality and production processes,
2) analyzing data on inadequacy, 3) predicting the effect of quality-forming factors, and 4) developing universal solutions to
ensure the required properties. The research resulted in a nomenclature of consumer expectation indicators and a comprehensive
assessment formula. It revealed the reasons behind the poor quality of yogurt at different stages. The key requirements for
yoghurt included: 1) high moisture-binding capacity, 2) natural functional ingredients that give the product high consumer
properties and reduce the risk of microbiological spoilage. The article introduces a formulations and production technology
for the new functional yogurt, which proved to have a high content of vitamin C, potassium, and f-carotene. The sensory
evaluation demonstrated its high consumer properties.

The new approach to the development and production technology proved to be effective. It can be used in the design and
quality control of yoghurts with functional ingredients.
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AHHOTAMSA.

Jlns obecrnieueHUs] KOHKYPEHTOCIIOCOOHOCTH HEOOXOAMMO OBICTPO MPOSKTUPOBATH MPOIYKIIHMIO, OTBEYAIONIYI0O KOMILIEKCY
TpeOoBaHMI K HEW: OT HOPMAaTUBHOW JOKYMEHTAIMH U IO OXHUJAaHUIl moTpeduTeneid. BaxkHo mpoekTHpOBaTh MPOAYKIHUIO C
3aJaHHBIMH CBOMCTBAMH B CErMEHTE (DyHKIIMOHATIBHBIX IIPOYKTOB IIUTAHMS, TAKUX Kak Horypr. LlenenanpasienHoe popmMupoBanne
CBOMCTB NMPOJYKIMK SIBISCTCSI MHOTOACIIEKTHOH 3amadeif, TpeOyromel MEeTOI0I0THYECKH yHUBEPCAIBHOTO noaxosa. Llems
paboTHI 3aKiII04anach B pa3padoTKe U anpoOaIii HOBOTO OAX0/1a BRIABICHUS U (POPMUPOBAHHS TPEOYEMbIX CBOWCTB HOTYPTOB
¢ GYHKIMOHAIBHBIMU HHTPEANEHTAMH.

OOBEKTHI UCCIEOBAHNS — TEXHOJOTUS TIPOU3BOJCTBA U PELENTypa Horypra ¢ QyHKIHOHAIBHBIMH KOMIIOHEHTAMHU (COKOM
00JISTTXH MPSIMOT0 OTXKUMA M KPHOTIOPOILIKOM IIPOPOIIECHHOT0 3epHa PXK1) U GakTopsl, opMUpYIOIIUE ero KauecTBo. [Ipumensiiach
METOJI0JIOTHSI KBAIMMETPUYECKOTO MPOrHO3UPOBAHUS, @ TAK)KEe OOLICTIPUHATHIC HHCTPYMEHTHI OLEHKH KaueCTBa M METOJIbI
aHaJIM3a.

[IpencraBiieHbl pe3yiabTaThl MPUMEHCHHS MOJAX0ha (OpMUpPOBAHUS TpeOyeMbIX CBOWCTB Horypra ¢ (QyHKIMOHAIBHBIMH
uHrpeuenTamu. [1oaxo 3aKmodaeTcs B BBIIBICHHH TPEOOBAHUH K KA4eCTBY MPOIYKIMH U IIPOIIeccaM ee IIPOM3BOICTBA, aHAIN3E
JTaHHBIX O HECOOTBETCTBUSX, H3YIECHUH U MPOTHO3UPOBAHUH BINSHUSA (POPMUPYIOINX KaueCTBO (PaKTOPOB, a TaKkke pa3paboTke
YHHBEPCATbHBIX peIIeHuil obecnedenus TpeOyeMbIX CBONCTB. Y CTaHOBIEHAa HOMEHKIIATypa MoKa3zaTenel moTpeduTeabCcKux
TpeOOBaHMIl K KauecTBY HOTypTa U mpejyioxeHa GopMya KOMINIEKCHON OLEHKH. Y CTAHOBJICHBI IPUYUHBI HECOOTBETCTBUN
forypTa Ha pa3HbIX dTanax ToBapoaBrKkeHns. OO0CHOBaHbI KITIOYeBbIe TPEOOBAHUS IPU MTPOSKTUPOBAHUN CBOWCTB U TEXHOJIOTHU
Horypra: BBICOKas BJIarOCBSI3bIBAIOIIAs CIOCOOHOCTD M COJIEPKAHHUE MOJIE3HBIX HATYPAJIbHBIX (QYHKIIMOHAIBHBIX HHIPEIHEHTOB,
MPUAAIONIUX MPOAYKTY BBICOKHE ITOTPEONUTEIILCKUE CBOMCTBA M CHIIKAIONIMX PHCK MUKPOOHOIOTHIeCKol mopun. PazpaboTaHsl
penentypsl Horypra ¢ TpeOyeMBIMH CBOMCTBAMHU U IIPEII0KEeHA TEXHOJIOTUS IIPON3BOICTBA HOBOTO poaykTa. JlabopaTtopHbie
WCCIIEJIOBAHNUS TPOMBIIUICHHBIX 00pa3loB NMPOJYKTa MOKa3alH BEICOKOE cojepkaHue BuTamuHa C, Kamus W [-KapoTHHA.
ITpoBeaeHHEIH OPraHOIENTHIECKUH aHAIN3 CBHIETENBCTBYET O BRICOKHX MOTPEONUTENBCKUX CBOMCTBAX MPOTYKTa.
Pe3ynbTaTel TOBOPSAT 00 YCTIEIIHOMN armpoOaryy MpeaIoKeHHOro MOAX0a IIPU pa3paboTKe PEHEenTyphl U TEXHOIOTUH ITPOU3BOACTBA
Horypra ¢ GyHKIHOHAIBHBIMU HHIpeueHTaMi. OHU MOTYT OBITh HCIOJIB30BAHbBI IPH IPOEKTHPOBAHUH M YIIPABICHUH KA4€CTBOM
IINPOKOTO psAZia HOrypTOB ¢ QYHKIMOHAIBHBIMU HHTPEJHEHTAMU.

KnmwueBble ciioBa. HpO@KTHpOBaHHC, Ka4yeCcTBO, peuenrypa, (byHKHPIOHaJ'[I)HI)IC IIPpOAYKThI, O6J'IGHI/IX3, 310PpOBOE€ NUTAHUE,
KBaJIUMETPUsL, TEXHOJIOTI' U

dunancupoBanue. Pabora BeimonHeHa Ha 6a3e Poccuiickoro rocy1apcTBEHHOTO arpapHoro yHueepcurera — MCXA uMmeHn
K. A. Tumupsszesa (PTAY — MCXA nmenu K. A.Tumupsazesa)RR npu dpunancoBoii nognepxke MUHHCTEPCTBA HAYKH M
BBICIIETO 0Opa3oBanus Poccuiickoit @enepannu (Munodpuaykn Poccun)ROR B pamkax peanusanuu mporpaMMbl CO3MaHMs
u pa3BuTHus HaydHoro meHTpa MUpPOBOTo ypoBHA «ArporexHonoruu Oyaymiero» (CornameHue o NpeaocTaBIeHUH T'paHTa B
bopme cyOeumii u3 GpeepanbHOro 0101KeTa Ha OCYIIECTBICHUE FOCY IapCTBEHHOM MOAJEPIKKY CO3aHHs U Pa3BUTHS HAYYHBIX
LEHTPOB MUPOBOT'O YPOBHS, BBIITOJIHSIIONIMX UCCIECOBAHHS M Pa3pabOTKH MO NPHOPUTETAM HAyYHO-TEXHOJIOTHUECKOTIO Pa3BUTHS
(BHyTpennnit Homep 00600/2020/80682) Ne 075-15-2020-905 ot 16 HOs6pst 2020 1.).
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Introduction

According to the World Health Organization, human
health depends on lifestyle (50%), heredity (20%),
environmental conditions (20%), and healthcare (10%).
Diet is the most important component of lifestyle [1, 2].
A proper diet can reduce overall morbidity, improve
resistance to adverse environment, and increase life
expectancy [3].

The state strategy of food industry development
usually depends on several key issues. In the Russian
Federation, these issues stretch far beyond the simple
task of providing the population with high-quality and
safe food products. Food industry should provide people
with functional foods that satisfy their physiological
needs and are fortified with essential nutrients [3-9].
As a result, food products with functional ingredients
are gaining popularity, often as part of therapeutic,
preventive, and targeted diets [2]. Such foods attract
patients with homeostasis problems or people subject
to extra risk or stress, e.g., pregnant women, senior
citizens, children, etc. [10]. Functional foods intended
for these population groups have stricter safety and
quality requirements [2, 3, 10]. These products require
a compulsory field-to-fork strategy of quality and safety
control [5, 11].

Together with economic efficiency, the theory and
practice of food design usually follows one or two of
the following goals:

— attractive consumer properties;

—new functional ingredients;

— broader product range;

— stable quality indicators;

— longer storage capacity at all distribution stages;

— lower production and sales risks related to faulty or
unsafe products;

— predesigned technological characteristics of the product
or production processes, e.g., particular viscosity,
etc. [1, 3, 12, 13].

Product quality and safety of products require a
whole complex of procedures [14]. In food systems, the
mechanism of quality development is a multifactorial
process. Finished products are the result of a complex
interaction of technology, formulation, raw materials
and other factors along the entire field-to-fork chain [11].
New universal solutions of food quality issues need a
new scientific approach based on modern principles
of quality modeling and nutrition science. In addition,
customer satisfaction is one of the key factors that
determine product quality [15, 16].

Qualimetry is a new promising direction based
on the achievements of domestic science and world
experience of quality management. Qualimetry is based
on the principles of forecasting quality and food safety
indicators as methods of assessing, planning, and quality
formation [10, 11, 17].

This approach is especially relevant for structured
dairy products, e.g., yogurt. This product can turn into

a nutrient medium for unwanted microflora. As a result,
its quality indicators are highly sensitive to the storage
and transportation conditions, the sanitary profile of the
enterprise, the quality of raw materials, etc. [18-20].

The present research objective was to develop a new
scientific approach to product quality formation and
test it on a new functional yogurt product.

Study objects and methods

This new yogurt production technology relied on
a particular scientific approach to the food quality
formation. The key elements of the new approach
followed a sequence of steps:

—requirements for product quality and production
processes, which were identified, structured, and ranked
based on regulatory documentation and the intermediate
and final consumer demands;

— formula for a complex product quality indicator that
reflects the weight of each indicator;

— the main requirements for the target quality indicators of
the finished product, including the functional ingredients
and production processes;

— processing the data on faulty products, e.g., negative
consumer reviews, batch reviews, and complaints,
followed by a cause identification analysis;

— factors that make up product quality indicators and
their effect on quality;

— information-matrix models for the formation of product
quality affected by the factors identified at the previous
stage [11];

—universal solutions, e.g., by selecting specific functional
ingredients, that guarantee the required properties of the
finished product, take into account the requirements for
the target quality, and reduce production risks.

The method of qualimetric forecasting included the
following steps:

—asociological survey of 250 respondents in the Moscow
region based on the questionnaire method with subsequent
statistical processing (State Standard R 56087.2-2014);

— weight coefficients of indicators by pairwise comparison;

— a formula for a complex quality indicator based on a
qualimetric assessment, i.e., an integrated method for
assessing product quality as a weighted arithmetic mean;

— collecting data from distribution centers on faulty
functional yoghurts in 2015-2019 using a control
sheet (State Standard R ISO 13053-2-2013) and the
SAP program;

— applying such intelligent expert techniques as the
Delphi method (State Standard R 54147-2010) and expert
qualimetry to the questionnaires, expert assessments,
and data analysis;

— applying the profile method (State Standard ISO 13299-
2015) and expert qualimetry to the sensory assessment
of samples;

— information-matrix models based on qualimetric scaling
of expert qualimetry methods with subsequent statistical
concordance coefficient processing [11];
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—a complete factorial experiment with regression
equations: mass fraction of yogurt — 50-85%, mass
fraction of germinated rye cryopowder — 1.0-3.0%;
mass fraction of fat in yogurt — 0.5-5.0%;

—values of normalized quality and safety indicators
as determined by conventional methods of laboratory
analysis: mass fraction of fat — by State Stan-
dard 5867-90, mass fraction of protein — by State
Standard 25179-2014; mass fraction of carbohydrates —
by State Standard R 54667-2011; vitamin C — by State
Standard 34151-2017; S-carotene — by State Standard EN
12823-2-2014; potassium — by State Standard ISO 8070/
IDF 119-2014). The results were statistically processed
using an Intel(R) Core (TM)i7 personal computer and
Microsoft Excel software.

The research featured requirements for the quality
of yogurts, the causes of product discrepancies, the
production technology and formulation of yogurt with
functional components (patent RU 2742146C1), and the
sources of functional ingredients, i.e., directly expressed
sea buckthorn juice and sprouted rye cryopowder
(0OS 25622234-001-2018).

Results and discussion

The first stage identified the quality and safety
requirements for yogurts with functional ingredients.
They were decided into three groups: safety indicators,
identification indicators, and indicators of consu-
mer requirements. The first two groups are to be
found in such standards as Technical Regulations
of the Customs Union TR CU 021/2011, 033/2013,
and 022/2011, State Standard R 31981-2013, etc.
These indicators are mandatory for all new
products. The third group of indicators, however,
has no mandatory requirements since they totally
depend on the consumer needs, and the degree of
customer satisfaction determines the demand for
new products.

The sociological survey involved 250 respondents
from the Moscow region. The survey established a
range of indicators of consumer requirements for the
quality of functional yoghurts, which were ranked by
their importance for consumers. The resulting formula
for a comprehensive quality assessment of functional
yoghurts was as follows:

Q=152q, +13.7-q,+12.9-q, +10.6:q, + 9.8-q, +
+8.1-q, +8.1-q,+42:q,+4.1:q,+33-q,+3.1"q, +
+2.7q,+23q,+19q, (D

where () is a complex quality indicator, and g,...q,, are
relative quality indicators: 1 — pleasant taste, 2 — useful
components, 3 — affordability, 4 — minimal amount of
ingredients, 5 — maximal amount of flavor filler, 6 — low
calorie content, 7 — uniform consistency, 8 — low fat,
9 — pleasant smell, 10 — no liquid fraction, 11 — uniform
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and pleasant color, 12 — expiration date, 13 — a large
amount of protein, 14 — unusual filler.

The sociological survey revealed the following
consumer expectations. A good yogurt with functional
ingredients should be both beneficial to human health,
i.e., contain functional ingredients, and natural, i.e., no
artificial additives, dietary supplements, etc. Consumers
wanted a product with functional flavors, vitamins, or
mineral premixes. They saw no fundamental difference
between a functional product and a product with
functional ingredients.

The next stage analyzed five years of statistical data
on product discrepancies registered at the distribution
network or mentioned by consumers (Fig. 1). The most
common discrepancies included mislabeling, blown or
leaking packaging, and liquid separation.

Mislabeling included the differences between the
information on the label and the established requirements
or misinformation about the flavor. They can be prevented
by involving highly qualified specialists in the label
design, as well as a stricter control of the labeling process
during packaging. Other discrepancies resulted from
unwanted microbiological processes in the product and
a decrease in the moisture-binding capacity of the curd.
Therefore, the new yogurt with functional ingredients
needs higher moisture-binding capacity, lower risks of
unwanted microbiological processes during distribution,
and also stricter control during storage and transportation
from the producer to the shop.

The main requirements for the target quality indicators
of the finished product included:

— fortifying the yogurt with functional ingredients by
adding functional flavoring agents;

— selecting such flavoring fillers that need no food dyes,
flavor enhancers, acidity regulators, etc.;

—reducing the risks of producing and selling yogurts with
syneresis;

—selecting components with lower risks of microbiological
spoilage.

The next stage established the main requirements for
the production processes, as well as the product quality
factors. The resulting factors were divided into three
groups: technology, formulation, and raw materials.

The research revealed the weight and nature of
the effect provided by each group. The technological
factors included the sequence, as well as the type and
modes of technological operations. The raw material
factors included the type of raw materials and their
quality and safety indicators. The formulation factors
included the type of each ingredient and their ratio.
The obtained results were processed and represented
as an information-matrix quality predicting model for
yogurts with functional ingredients.

The quality of yogurt with functional ingredients
appeared to depend on the technological and formulation
factors in the ratio of 42 to 38%, respectively.
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The research also revealed the total expert assessment
of the contribution of each factor on the quality and safety.
The most important technological factors included milk
pasteurization (259 points), fermentation (129 points),
formulating (120 points), and packaging (113 points).
The formulation factors with the greatest contribution
included stabilizer (184 points), flavor filler (156 points),
yogurt (145 points), and dye (103 points). Consumers
appreciated yogurts with few components: the weight
coefficient of the “minimal number of ingredients”
indicator was 10.6%. Therefore, the number of functional
ingredients should be minimal.

Functional ingredients increase the nutritional and
biological value of the product. However, they should
also provide the following additional target properties:
— be associated not with an artificial additive but with
a healthy natural food product;

— high moisture-binding (> 32%) and structure-forming
abilities;

— a pleasant taste and aroma;

— a pleasant rich color, i.e., act as a natural dye;

— inhibit unwanted microflora.

Sea buckthorn juice and germinated rye cryopowder
were chosen from the database of food fillers and
functional ingredients. Their functional properties
were proved information-matrix models for predicting
the effect of functional ingredients on structured dairy
products. These models were developed at the Department
of Quality Management and Commodity Research of
the Moscow Timiryazev Agricultural Academy.

Adding 5-7% of sea buckthorn juice increases the taste
characteristics and fortifies the product with vitamin C,
minerals, and fatty acids. f-carotene improves the

dietary properties of the product, as well as its quality
characteristics. Sea buckthorn has a bright yellow color
that mixes well with both fat and water fractions. Vitamin
C possesses preservative properties, which reduce
the risk of developing unwanted microflora.

Rye dietary fibers fortify the product with plant fiber
and give it the desired rheological properties. They are
a source of amino acids, vitamins C, E, PP, folic acid,
copper, manganese, selenium, and silicon. They help to
lose weight, increase hemoglobin, strengthen the immune
and antioxidant system, improve eyesight, skin, hair,
and nails. In addition, sprouted rye cryopowder has a
high moisture-binding capacity and structure-forming
properties.

A complete factorial experiment provides universal
solutions that allow food producers to respond to the
constantly changing product requirements and to develop
competitive products. A regression equation for the
effect of controlled factors on the moisture-binding
capacity (Y) looks as follows:

—21.336 + 1.341-j + 156.671-k + 0.038-f +
+1.029jk +0.002-j-f— 0.408 k£ +0.005 -k (2)
where j —mass share of yoghurt in the model environment, %o;
k — mass share of sprouted rye cryopowder in the model
environment, %; f — mass share of fat in the yoghurt, %.

The resulting regression equation made it possible
to develop a high moisture-binding yogurt formulation
fortified with sea buckthorn juice and germinated
rye cryopowder (Table 1).
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Figure 1. Discrepancies and their frequency over five years of product distribution: yoghurts with functional ingredients
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Table 1. Formulations of yoghurts with functional ingredients

Weight of components, kg/1000 kg of finished product
No. Component Formulations

No. 1 No. 2 No. 3 No. 4
1 Yoghurt with 3.3% fat 750.0 650.0 700.0 630.0
2 Standardized milk with 3.3% fat 98.0 190.0 145.0 207.0
3 Sea buckthorn juice with sugar (1:1) 140.0 140.0 140.0 140.0
4 Germinated rye cryopowder 12.0 20.0 15.0 23.0
Total, kg 1000.0 1000.0 1000.0 1000.0

Table 2. Sensory evaluation of yoghurts with functional

ingredients
Weight of components, kg/1000 kg
Sensory of finished product
No. . ;
properties Formulations

No. 1 No. 2 No.3 | No.4
1 Taste 4.9 4.9 4.9 4.8
2 Smell 4.7 4.7 4.7 4.7
3 Appearance 4.9 4.8 4.9 4.8
4 Texture 4.7 4.6 4.6 4.7
5 Color 5.0 5.0 5.0 5.0
Total score 24.2 24.0 24.1 24.0

The obtained data made it possible to develop a
new production technology for yogurt fortified with
sea buckthorn juice and germinated rye cryopowder.

The main stages of production included: raw
material delivery and evaluation; milk standardization,
homogenization, pasteurization, cooling; adding starter

sweet

sour sea buckthorn
.

fresh floury

[

=

flavorful bland

aftertaste sharp

sour milk

creamy

—&—Formulation 1
—@—Formulation 3

—®— Formulation 2
Formulation 4

Figure 2. Sensory profile of yogurts with functional
ingredients
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culture, fermentation, and curd mixing; adding a mix of
sea buckthorn juice, skim milk, sugar, and sprouted rye
cryopowder; mixing, bottling, packaging, and storage.

Milk was standardized according to the mass fraction
of fat (3.3%), heated to 60-65°C, homogenized at
1.5 £ 2.5 MPa, pasteurized at 88 = 2°C for 8—10 min,
and cooled until fermentation at 40 + 2°C. After that, it
was mixed with starter cultures Lactobacillus bulgaricus
and Lactobacillus thermophiles (3—5%). The fermentation
was complete when the acidity reached 90-100°T.

Cryopowder and sugar were dissolved in sea
buckthorn juice in a separate container. The mix was
cooled to 8-12°C, mixed with standardized milk,
and stirred for 10 min. The resulting mix was added
to the fermented curd and stirred for 10 min. Yoghurt
with functional ingredients was cooled to 15-20°C,
packed in containers, labeled, and cooled to 4°C.

The sensory analysis of commercial samples revealed
their excellent consumer properties (Table 2). Figure 2
illustrates the flavor profile chart.

Conclusion

Qualimetric forecasting proved to be an effective
approach to product quality formation. The obtained
results made it possible to develop universal solutions
that provide prompt adjustment of formulation and
production technology. The approach guarantees
properties important for yogurts with functional
ingredients, stable quality and safety, lower risks of
discrepancies, and better consumer attractiveness.

The proposed scientific approach revealed
the key requirements for the quality indicators of
yogurts with functional ingredients: high sensory
properties, natural formulation components, and
low risks of syneresis or microbiological spoilage.
The research also substantiated the choice of sea
buckthorn juice and germinated rye cryopowder as
functional components. A set of experiments resulted
in regression equations that can predict the effect of
the content of germinated rye cryopowder and the
mass fraction of fat in the milk base on the moisture-
binding capacity. These equations produced new formu-
lations and production technologies for yogurts
with sea buckthorn juice and sprouted rye grain
cryopowder.



Dunchenko N.I. et al. Food Processing: Techniques and Technology. 2022;52(2):214-221

Table 3. Nutritional and energy value of yogurts with functional ingredients

Formulation Protein, g Fat, g Carbohydrates, | Energy, Potassium, Vitamin C, [-carotene,
g kcal mg% mg% mg%
Basic 3.80 +£0.02 3.50+£0.10 9.70 £ 0.9 85.5 147.0+1.1 0.61 +£0.05 10.11 +£0.05
No. 1 3.29+0.02 3.25+0.20 1048 £0.8 83.9 150.0+1.2 14.58 £0.04 114.03 £0.19
No. 2 3.27+£0.02 3.24+0.10 10.57+£0.8 84.2 149.0+1.3 14.32+0.05 112.02+£0.18
No. 3 3.28 £0.02 3.23+0.20 10.34+£0.7 83.3 151.0+1.1 14.78 £0.05 114.31£0.19
No. 4 3.26 +£0.02 3.26+0.10 10.15+£0.9 81.6 150.0+1.1 14.02 +£0.05 113.03 £0.19
The sensory assessment and the flavor profile chart Contribution

revealed excellent consumer properties of all samples
(24.0-24.2 points out of 25.0 points). The yoghurt was
rich in vitamin C, f-carotene, and potassium. The content
of vitamin C rose from 0.61 in the base sample to 14.02—
14.78 mg% in the experimental samples. The content of
f-carotene increased from 10.11 to 112.02—114.31 mg%,
and that of potassium — from 147 to 149-151 mg%
for. The high content of vitamin C and f-carotene makes
the new yogurt a functional product.
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