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Abstract

The influence of formula optimization on the microbiological safety indicators of lactose-free yogurt products
enriched with plant-based biologically active components was investigated. The purpose of the study was to optimize
the formula using dry oat and corn milks and Jerusalem artichoke powder in order to increase nutritional and
biological values and ensure regulatory quality and microbiological safety indicators. Lactose -free pasteurized milk
with 2.6 % fat and Danisco Yo-Mix 495 starter culture were used as raw materials; additional ingredients were dry
oat/corn milk and Jerusalem artichoke powder. The formulation was optimized using the Statistica 10 software and
the response surface method. Conditional viscosity and sensory evaluation of the product were selected as the
optimization criteria. The optimal mass fractions of the raw ingredients were determined: for the formulation
containing dry oat milk and Jerusalem artichoke powder - 1.43 % and 1.11 %, respectively; for the formulation
containing dry corn milk and Jerusalem artichoke powder - 1.45 % and 1.07 %, respectively. It was shown that after
14 days of storage, the developed samples met the requirements of DSTU 4343:2004 in terms of physical and
chemical indicators and had good microbiological safety indicators: absence of coliforms, E. coli, S. aureus, B. cereus,
and Salmonella spp. The number oflactic acid bacteria was 9.0:107-1.1-108 CFU/ml. The results obtained confirm the
technological feasibility of using the studied plant componentsin lactose-free yogurt health-enhancing products and
creation of prerequisites for expanding the range of functional fermented milk products.

Keywords: lactose-free yogurt products; dry plant milk; Jerusalem artichoke powder; optimization; response surfaces, Pareto
method, microbiological safety.

BIIJIUB ONITUMI3ALI PEIENTYPHOI'O CK/IAZIY HA MIKPOBIOJIOTTYHI IOKA3HUKHU
BE3NMEYHOCTI HOTYPTOBUX IMIPOAYKTIB

TetsHa B. MakoBcbka®*, Hatausisaa A. TkaueHko, Jltogmuaa M. [Ilununenko, OneHa B. CeBacTbsiHOBaA
Odecovkutl HayioHabHUll mexHo02iYHUll yHisepcumem, 8ya. Kanamua, 112, Odeca, 65039, Ykpaina

AHoTalis
Y po6ori mocnigxkeHuit BIJIMB onTUMi3anii penenTypHoro ckjajy Ha Mikpo6ioJioriuyHi mokasHMKHU 6e3ne4HOCTi
6e3/1JaKTO3HUX MOrypTOBUX NPOJYKTiB, 36aradyeHMX POCJAMHHMMH 6i0/IOTiYHO aKTUBHUMHM KOMIOHEeHTaMu. MeTo0
AOCaiJ)KeHHs GyJia ONTHMi3alis penenTypH i3 BUKOPHUCTAaHHSAM CyXOro BiBCAHOro Ta KyKypyA3sSHOro MOJIOKA i
NMOPOLIKY TomiHaMGypa JAJiA NiJABUIIEHHsS Xap4oBoi i 6iosioriyHoi IiHHOCTI Ta 3a6e3ne4YyeHH HOPMAaTHUBHMX
NMOKAa3HUKIB AKOCTi i1 MiKp06ioJ1oriyHoi 6e3neyHocTi. Ik CHpOBHHY BUKOPHCTOBYBaJIy 6€3/IaKTO3HE acTepU30BaHe
MOJIOKO 3 MAacCOBOI0 YaCTKOI0 KMPY 2.6 % Ta 3akBacKy Danisco Yo-Mix 495; 50JaTKOBUMM iHrpeAieHTaMHM GyJ/IU cyxe
BiBCsiHe /KyKypy/A3sHe MOJIOKO Ta NOPOIIOK TonmiHaMGypa. OnTuMisaniio penenTypu 34iiicHI0OBa/IM B NPOrpaMHOMY
nakeTi Statistica 10 i3 3acTocyBaHHAM MeTOZ0.JIOTrii mMoBepxHi Bigk/AuKy. Kpurepiammu ontumisanii 6ys1u o6paHi
YyMOBHa B’AI3KiCThb Ta CeHCOpPHA OLiHKAa NpPOAYKTy. BcTaHoBJjieHi onTHMasjibHi MacoBi YacTKHM CHPOBUHHHUX
iHrpeaieHTiB: A/151 KOMNO3UILii 3 CyXUM BiBCAHUM MOJIOKOM i nopomkoM ToniHam6ypa - 1.43 % ta 1.11 % BignoBigHo;
AJISI KOMIO3MIii 3 CYyXUM KYKypyA3sSHUM MOJIOKOM i mopomkom TomiHamGypa - 1.45 % Ta 1.07 % BiamoBigHo.
Iloka3aHo, 0 po3po6JieHi 3pa3ku nicias 14 xi6 36epiranHga BignoBigawTs BumMmoram JICTY 4343:2004 3a ¢pizuko-
XiMiYHMMU NOKa3HUKAMM Ta XapaKTepU3yIOThCAd HaJIe>KHOI0 MiKpob6iosioriyHoo 6GesneuHictio 3a BIKII, E. coli,
S. aureus, B. cereus i Salmonella spp.; KinTbKicTh MOJIOYHOKHCINX GaKTepiit craHoBmiaa (9.0-107-1.1-108) KYO/cm3.
OTpuMaHi pe3y/JbTaTH NiATBEPAKYIOTb TEXHOJIOTiYHY JAOLiJbHICTb BUKOPHUCTAHHA JOCAiJKEHUX POCTHUHHMX
KOMIIOHEHTIB y 6e3/IaKTO3HUX HOTYPTOBHMX NIPOJYKTaX 03,0P0OBYOro CIPsIMyBaHHs Ta CTBOPIOIOTh NepeAyMOBH AJIS
pO3IIMpPEeHHA aCOPTUMEHTY PyHKIiOHA/IbHUX KUCJIOMOJTOYHIX NPOAYKTIB.
Karouosi cnosa: 6€3/1aKTO3HI HOTypTOBI IPOAYKTH; CyXe pOCAMHHE MOJIOKO; HOPOLIOK TONMiHAMOYpa; oNTHUMi3allis; HoBepxHi
BiAkJHKY; [lapeTo; Mikpo6iosioriuHa 6e3MeuHiCThb.
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Introduction

Statement of the problem in general terms and
the relevance of the study. Current food trends are
characterized by a growing demand for organic
yogurts with plant-based ingredients. The
microbiological safety of the target product is
ensured by the use of natural food additives,
modern packaging, and strict hygiene standards
throughout the production process. In addition,
the quality of yogurt depends not only on the
quality of milk raw materials, but also on the
fermentation process and additional recipe
ingredients, including those of plant origin [1].

The most common ingredients used to enrich
yogurt products are fruits, vegetables, cereals,
nuts, seeds, vegetable oils, plant and herbal
extracts, fruit and vegetable fibers, as well as by-
products of fruit processing. The use of such
additives significantly affects the physicochemical
and microbiological indicators, as well as the
structural, mechanical, and organoleptic
properties of products. Analysis of the
composition of enriched yogurts indicates an
increase in their nutritional and biological value,
in particular in terms of the content of functionally
significant components such as dietary fiber,
phenolic compounds, vitamins, fatty acids, and
minerals. A rationally selected high-quality plant
additive can improve both the general health-
promoting and antioxidant properties of the
product [2; 3].

An analysis of recent studies and publications. In
recent years, there has been a growing demand for
yogurt products made from alternative sources of
raw materials to milk. In this regard, scientists
have studied the viability and developmental
characteristics of lactic acid bacteria in the
presence of plant ingredients, including cereals,
nuts, pseudocereals, fruits, etc., as well as
technological solutions related to the enzymatic
and thermal processing of raw materials [4; 5].

Consumer demand for dairy alternatives has
grown significantly. In particular, 249 samples of
non-dairy yogurt alternatives were analyzed,
which included extracts of coconut, almonds,
various types of seeds, oats, legumes, and their
combined mixtures [6; 7].

In studies devoted to enriching yogurts with
ingredients of high nutritional value, pasteurized
cow's milk inoculated with Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus
thermophilus, which was additionally enriched
with walnut and pumpkin flour. The results
showed that enrichment significantly affected the
pH, titratable acidity, dry matter, fat, and protein

content, as well as the moisture retention capacity
and total concentration of phenolic compounds in
the finished product [8].

It is known that casein micelles in yogurt form
aggregates with whey proteins and participate in
the formation of a protein gel, which determines
the consistency of the product. Due to their ability
to increase the viscosity of solutions, emulsions,
and suspensions, polysaccharides can be
considered effective thickeners in yogurts;
however, the number of studies devoted to their
use in this area remains limited [9; 10].

Along with studying the physical and chemical
properties, considerable attention is paid to
researching the impact of plant components on
the sensory indicators of product appeal,
consumer perception, and the formation of
emotional, holistic, and conceptual associations in
consumers [11; 12].

Taking into account the trends in food
personalization, lactose-free  yogurts are
produced with the addition of flax, sesame, and
chia seeds, which are rich in vitamins and
biologically active compounds. The consumption
of plant-based beverages has attracted
considerable attention in recent years due to the
growing demand for non-dairy and non-animal
sources of protein, which is caused by lactose
intolerance, allergic reactions, and the diversity of
consumers' food preferences and lifestyles [6; 13;
14].

A potential solution for consumers with lactose
intolerance or those who prefer plant-based
products, while preserving the health benefits of
traditional yogurt products, is to use oat milk in
combination with melon juice [15].

Scientific studies have evaluated the quality
characteristics of yogurt products made from
mixtures of plant-based milk from chufa and soy
with cow's milk compared to yogurt made from
100 % skimmed cow's milk, which was used as a
control sample. Plant-based products were
characterized by higher health potential
compared to traditional dairy yogurt. The results
obtained indicate the possibility of using plant
milk as a functional substitute for traditional
components of dairy yogurts [16; 17].

An analysis of the scientific sources cited
indicates the advisability of using plant-based raw
materials in the production of yogurt products as
an alternative to traditional dairy yogurts. The use
of plant milk and functional plant ingredients not
only increases the nutritional and biological value
of products, but also ensures an adequate level of
microbiological safety, provided that rational
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thermal and enzymatic treatment regimes are
followed. This is especially important when
developing products adapted to the needs of
consumers with lactose intolerance and advocates
of plant-based nutrition.

The aim of the study is to optimize the recipe
composition of a lactose-free yogurt products
using oat and corn milk and Jerusalem artichoke
concentrate to increase its nutritional and
biological value, as well as to ensure adequate
quality and microbiological safety indicators.

To achieve this goal, the following tasks are to
be accomplished:

- justify the choice of oat and corn milk and
Jerusalem artichoke powder for use in the recipe
for yogurt products;

- optimize the recipe composition of yogurt
products using oat or corn milk and Jerusalem
artichoke concentrate, taking into account safety
indicators and functional properties;

- determine a set of sanitary-hygienic and
microbiological indicators confirming the safety of
the developed products;

- develop recommendations for the use of the
studied plant biologically active components in
the recipes of fermented milk and yogurt
products.

Materials and Methods

For experimental studies, pasteurized lactose-
free milk with a fat content of 2.6 % from TM
“Miskmolzavod No. 1” [18] and Danisco Yo-Mix
495 dry bacterial starter culture (Streptococcus
thermophilus, Lactobacillus bulgaricus) from
Danisco France SAS (France). The following new
ingredients were selected for the composition of
yogurt products: MANTeca dry oat milk, MANTeca
dry corn milk, and Zdorovo brand Jerusalem
artichoke powder.

Jerusalem artichoke powder is made by drying
and grinding Helianthus tuberosus tubers. The
chemical composition of the product is
characterized by a high content of carbohydrates,
which account for about 60.0-80.0 % in terms of
dry matter, with inulin being the main component,
accounting for at least 60.0 %. The content of
dietary fiber, represented by pectins, cellulose,
and hemicelluloses, averages 10.0 %.

Protein substances are present in an amount of
6.0%, and the content of mineral substances (ash)
varies between 3.0 % and 6.0 %. The powder also
contains organic acids (1.0 %-3.0 %) and phenolic
compounds and other biologically active
components in an amount of 0.5 %-2.0 %. The
mass fraction of moisture, depending on the

drying conditions, usually does not exceed 5.0 %
[19].

Dry oat milk is characterized by a high
carbohydrate content - 67.0 %, a significant part
of which is dietary fiber (10.0 %), including B-
glucans (3.0-6.0 %). The protein content is 4.0 %,
lipids - 22.0 %, ash elements - 3.0 %, residual
moisture - 4.0 %. This composition provides
increased viscosity, moisture retention capacity,
and prebiotic properties of the product [20].

Dry corn milk contains mainly carbohydrates
(66.0 %), the main part of which is starch and its
hydrolysis products. The dietary fiber content is
lower and usually amounts to 11.0 %. The amount
of protein is 0.5 %, lipids - 27.0 %, ash - 1.5 %,
moisture - 5.0 %. This composition contributes to
the formation of a soft consistency and stable
texture of yogurt systems [21].

Dry oat milk and dry corn milk differ

significantly in terms of the quantitative
composition of their main nutrients, which
determines the different functional and

technological properties of these ingredients in
yogurt products [22].

During the studies, the sensory characteristics
of the produced samples were evaluated on a 20-
point scale according to the sensory analysis
methodology [23], and the rheological properties
were assessed based on the flow time of 100 cm?
of product [24], which served as the basis for
optimization.

To optimize the recipe composition of yogurt
products, the response surface methodology was
used [25]. The experiment was conducted
according to a design that included 12
experimental points (n=12), with the central
point repeated four times to estimate the
systematic error. The results were analyzed at a
confidence level of 0.95. Modelling and processing
of experimental data were performed using the
Statistica 10 package (StatSoft, Inc.).

Physical, chemical, and microbiological
indicators were determined in accordance with
the requirements of the basic standard - DSTU
4343:2004 “Yogurts. General technical
conditions” [26].

Lactose was determined according to DSTU
8059:2015 [27]. The conditional viscosity of the
finished fermented milk product was determined
using a VZ-246 viscometer.

Microbiological safety indicators were
determined using classical methods, namely, the
determination of MAFAnM was carried out in
accordance with DSTU 8446:2015 [28]; the
content of lactic acid microorganisms was
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determined in accordance with DSTU 7999:2015
[29]; the presence of yeast and mold fungi
according to ISO 21527-1:2008 [30]; the presence
of Escherichia coli according to DSTU ISO 16649-
2:2014 [31]; Staphylococcus aureus - according to
DSTU EN ISO 6888-1:2022 [32]; Bacillus cereus -
DSTU 8040:2015 [33]; Salmonella spp. - according
to DSTU EN ISO 6579-1:2022 [34], as well as
accelerated methods wusing Compact Dry
chromogenic media (manufacturer Nissui
Pharmaceutical CO. LTD, Japan)

Results and discussion

The experimental studies were conducted
using a traditional lactose-free yogurt recipe with
a fat content of 2.6 %, but with skim milk powder
- the primary source of lactose - completely
excluded from the recipe.

Pasteurized lactose-free milk with a fat content
of 2.6 % was heated to a temperature of 40...50 °C,
and the dry matter content was adjusted by
adding Jerusalem artichoke powder and either dry
oat milk or dry corn milk. After thorough mixing,
the mixture was filtered to remove undissolved
particles, then heated to a temperature of 60...65
°C and homogenized at a pressure of
12.5..17.5 MPa. The resulting homogeneous
mixture, standardized for fat and dry matter
content, was pasteurized at 90..92 °C for 2..3
minutes. After pasteurization, it was cooled to a
fermentation temperature of 42...45°C. Danisco
Yo-Mix 495 yogurt starter culture was added in the
appropriate  amount according to the
manufacturer’s recommendations; the mixture
was stirred and left to ferment for 6-8 hours. After
reaching an acidity of 95-110 °T, the finished
product was cooled in a refrigerator to a
temperature of 4-6 °C and held for 24 hours to
stabilize the structure.

To determine the effect of Jerusalem artichoke
powder and dry oat or dry corn milk on the
structural and mechanical properties of a yogurt
product, three experimental samples were
prepared using the previously described method.
In the first sample, skim milk powder was
replaced with an equivalent amount of Jerusalem
artichoke powder; in the second, with dry oat

milk; and in the third, with dry corn milk. The
results of the studies showed that the addition of
Jerusalem artichoke powder does not cause
statistically significant changes in the apparent
viscosity compared to the control sample. In
contrast, the addition of dry oat and dry corn milk
results in a significant increase in the value of
apparent viscosity, indicating enhanced structure
formation and the development of a denser
product consistency.

In the experimental samples of yogurt
products, organoleptic parameters (taste, aroma,
consistency, color, and appearance) and apparent
viscosity based on the product’s flow time were
determined.

The optimal ratio of formulation components
was determined using an integral quality index,
which accounts for the combined influence of
structural-mechanical (apparent viscosity) and
sensory characteristics of the finished product.
The integral index was calculated by summarizing
the normalized values of the studied parameters,
taking into account their weight, which allowed
for an objective selection of the optimal ingredient
composition.

In yogurt products formulated with raw
ingredients in optimal proportions,
physicochemical and microbiological parameters
were determined to assess the safety of the tested
samples; based on these results, conclusions were
drawn regarding the feasibility of producing a
range of products using this formulation.

The criteria for optimizing the formulation of
the yogurt product were its apparent viscosity
(AV, s) and sensory evaluation (SE, points). The
independent variables varied in experiment series
A were the mass fraction of dry oat milk (Com, %)
and the mass fraction of Jerusalem artichoke
powder (Cp, %), and in experiment series B - the
mass fraction of dry corn milk (Ccym, %) and the
mass fraction of Jerusalem artichoke powder
(Cp, %).

To model the apparent viscosity (AV, Pa-s) and
sensory evaluation (SE, points) of the products, a
response function in the form of a second-degree
polynomial was selected.

For sample series A:

AV =by + by X Cp + bqq XCPZ + by X Coy + byp XCOMZ + b1y X Cp X Cop, (1)
SE =by + by XCp + by XCPZ + by X Coy + by XCOMZ + by X Cp X Cop, (2)

where AV is the apparent viscosity, s; SE is the
sensory evaluation, points; b is the constant; Cp is
the mass fraction of the Jerusalem artichoke
powder, %; Coum is the mass fraction of the dry oat

milk, %; b, b1i, bz, bzz b1z are the coefficients for
each element of a polynomial.
For sample series B:

AV =by + by X Cp + b1y X Cp® + by X Coy + baa X Com® + b1z X Cp X Cenpy 3)
SE =by + by X Cp + bqq XCPZ + by X Copyr + by X CCMZ + b1 X Cp X Ccpypy (4)
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where AV is the apparent viscosity, s; SE is the
sensory evaluation, points; b is the constant; Cp is
the mass fraction of the Jerusalem artichoke
powder, %; Ccum is the mass fraction of dry corn
milk, %; by, b1, bz, b2z, b1z are the coefficients for
each element of a polynomial.

The studies utilized a central composite
rotatable design, which can be used for the
selected optimization method [25]. The selection
of levels and variation intervals for the factors was
based on the results of preliminary experiments
and an analysis of the literature.

A previous series of experiments found that
adding Jerusalem artichoke powder in amounts
less than 0.5 % does not produce a significant
functional effect (in terms of inulin content),
whereas adding it in amounts of 1.8-2.0 % results

in undesirable graininess and changes in taste
characteristics.

The addition of dry oat or corn milk in amounts
less than 0.5 % has no significant effect on the
viscosity and structure of the product, whereas at
concentrations above 2.0 %, the consistency
becomes excessively dense and the sensory
characteristics deteriorate.

The mass fractions of Jerusalem artichoke
powder and dry oat (or corn) milk varied within
the ranges of 0.50-1.50% and 1.0-2.0%,
respectively.

The design matrix and experimental values of
the response functions are presented in Table 1.
To minimize the influence of systematic errors
caused by external conditions, the order of the

experiments was randomized.
Table 1

Design Matrix and Response Functions

Mass fraction of the
Jerusalem artichoke powder

Mass fraction of the dry
oat milk (Com) or corn

Apparent Sensory evaluation

expli(:-.i ::lfent ) milk (Ccx) Vle:OSlty (AV)-, s (SE), points
Coded level % Coded level % Se:es Seges SeriesA  Series B
1 -1 0,65 -1 1,15 128 120 12 11
2 0 1,00 0 1,50 146 162 14 13
3 0 1,00 -2 1,00 178 174 15 14
4 +/2 1,50 0 1,50 389 223 16 15
5 -2 0,50 0 1,50 442 370 13 12
6 +1 1,35 +1 1,85 397 294 10 10
7 0 1,00 0 1,50 245 256 12 11
8 0 1,00 0 1,50 182 140 15 14
9 0 1,00 0 1,50 352 256 17 17
10 +1 1,35 -1 1,15 361 260 18 18
11 0 1,00 +/2 2,00 356 274 17 17
12 -1 0,65 +1 1,85 353 270 18 18

To test the significance of the regression
coefficients (1) and (2) for Series A, and (3) and
(4) for Series B, Pareto charts were constructed, as

Com, % (Q) -—IZAS
Cp, % (Q) -5.235
(1) Com, % (L) -4.700
(2)Cp, % (L) 3.307
1Lx2L -1.732
p=0.05
Standardezet Effect Estimate (Absolute Value)
a

shown in Fig. 1 (L is the linear effect, Q is the
quadratic effect)

(1) Com, % (L) -64.371
(2) Cp, % (L) 47.237
Com, % (Q) -30.977
Cp, % (Q) 26.621
1Lx2L 18.187
p=0.05
Standardezet Effect Estimate (Absolute Value)
b

Fig. 1. Pareto chart for testing the significance of coefficients: a is the regression (1); b is the regression (2)
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Cem, % (Q) _-1423
Cp, % (Q) -7.696
(1) Cem, % (L) -3.830
(2) Cp, % (L) 3.307
1Lx2L -1.73
p=0.05
Standardezet Effect Estimate (Absolute Value)

a

(1) Cem, % (L)

2) Cp, % (L) 11.992

Cp. % (Q) -10.729

Cem, % (Q) 3973

1Lx2L 3.569

p=0.05
Standardezet Effect Estimate (Absolute Valuc)

b

Fig. 2. Pareto charts for testing the significance of coefficients: a - regression (3); b - regression (4)

The Pareto charts shown present standardized
coefficients sorted by their absolute values.
Analysis of the data in Fig. 1a and Fig. 2a indicates
that the product of the mass fraction of Jerusalem
artichoke powder (Cp) and the mass fraction of oat
(or corn) milk for regressions (1) and (3) is
insignificant, since the column of the estimate for
this effect does not cross the vertical line

AV = —1017.23 + 426.38 X Cp — 342.26 X Cp* + 1156.24 X Coy — 398.26 X Cop> + 300.00 X Cp X Cop
SE = —43.088 + 21.151 X Cp — 9.616 X Cp? + 68.120 X Coy — 23.616 X Coy>

For series B:

representing the 95 % confidence interval. Taking
this into account, the specified regression term
was eliminated from models (1) and (3). For
regressions (2) and (4), according to the data
presented in Fig. 1b and Fig. 2b, all coefficients are
significant. The resulting equations with the
calculated coefficients are as follows:
For series A:

(5)
(6)

AV = —442 415 + 491.461 X Cp — 286.911 X Cp> + 364.323 X Coy — 100.911 X Cepn® + 122.449 X

Cp X CCM

SE = —54.034 + 30.189 X Cp — 14.135 X Cp? + 76.182 X Ccm — 26.135 X Cem®

The adequacy of the developed models for
Series A (5) and (6) and Series B (7) and (8) was
tested using analysis of variance. Its results, in
particular, include the values of the coefficients of
determination (for model (5), R?=0.98178; R?qq; =
0.96659; for model (6) RZ = 0.92083; RZq =
0.87559; for model (7) R?=0.92215; Ry =
0.85727; for model (8) RZ = 0.93433; R =
0.89681) and the absence of a loss of fit (for all

SNEE:
Z <3

% 200 «@““‘g‘\}{‘ <220
e e

¢
% o:‘"‘

Q\t““

(7)
(8)
four models, the significance level of this indicator
is p>0.05) indicate that the models adequately
describe the experiment.

The combined effect of the mass fraction of dry
oat milk (Com, %) and Jerusalem artichoke powder
(Cr, %) on the apparent viscosity (AV, s) and
sensory evaluation (SE, points) of lactose-free
yogurts is presented graphically in Fig. 3, a and b,
respectively.

Fig. 3. Relationship between apparent viscosity (AV, s) - a, and sensory evaluation (SE, points) - b, as a function of the
mass fraction of dry oat milk (%) and the mass fraction of Jerusalem artichoke powder (%)
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Increasing the mass fraction of hydrocolloids in
the form of Jerusalem artichoke powder and dry
oat milk in the formulation of lactose-free yogurts
contributes to an increase in the apparent
viscosity of the system (Fig. 3, a). At the same time,
increasing the mass fraction of Jerusalem
artichoke powder from 0.5 to 1.11 % has a more
significant effect on the sensory evaluation score
than increasing the mass fraction of dry oat milk.
The maximum sensory evaluation score - 17.8
points (Fig. 3, b) - is achieved by the lactose-free
yogurt drink with a dry oat milk mass fraction of

S CRNIR MOY WY

1.43 % and a Jerusalem artichoke powder mass
fraction of 1.11 %. At the same time, the product’s
apparent viscosity is 349.6 s, which falls within
the standard values for the product. Therefore, the
specified mass fractions of Jerusalem artichoke
powder and dry oat milk are optimal.

The combined effect of the mass fractions of
dry corn milk (Ccu, %) and Jerusalem artichoke
powder (Cp, %) on the apparent viscosity (AV, s)
and sensory evaluation (SE, points) of lactose-free
yogurts is presented graphically in Fig. 4, a and b,
respectively.

Fig. 4. Relationship between apparent viscosity (AV, s) - a, and sensory evaluation (SE, points) - b, as a function of the
mass fraction of dry corn milk (%) and the mass fraction of Jerusalem artichoke powder (%)

As in sample A, increasing the mass fraction of
hydrocolloids in the form of Jerusalem artichoke
powder and dry corn milk in the lactose-free
yogurt formulation contributes to an increase in
the apparent viscosity of the system (Fig. 4a).
Increasing the mass fraction of Jerusalem
artichoke powder from 0.5 to 1.07 % and the mass
fraction of dry corn milk from 1.0 to 1.45 %
improves the product’'s sensory characteristics
(Fig. 4b), whereas a further increase in the mass
fraction of Jerusalem artichoke powder from 1.07
to 1.50 % and the mass fraction of dry corn milk
from 1.45 to 2.0 % deteriorates the organoleptic
properties of the lactose-free yogurt product. As in
sample A, an increase in the Jerusalem artichoke

powder content has a more significant effect on
the sensory evaluation of the target product
(Fig. 4b), The lactose-free yogurt drink achieves
the highest sensory evaluation score - 17.6 points
- at a dry corn milk content of 1.45 % and a
Jerusalem artichoke powder content of 1.07 %. At
the same time, the product’s apparent viscosity is
261.1s, which (as in sample A) falls within the
standard values for the product. Therefore, the
specified mass fractions of Jerusalem artichoke
powder and dry corn milk are optimal.

The main quality indicators of the lactose-free
yogurt samples studied after 14 days of storage,
produced using raw materials in optimal
proportions, are presented in Table 2.

Table 2

Comprehensive characteristics of the quality, stability, and safety of lactose-free yogurt products (n = 3, p< 0.05)

. Lactose-free yogurt
Indicators yog

Lactose-free yogurt

(control)

Sample 1 Sample 2

Sensory indicators

Taste and smell

A clean, tangy flavor A sour milk flavor with a sweet
with a sweet aftertaste  aftertaste characteristic of
characteristic of lactose-free products, with a
lactose-free products, light oat aftertaste and no
with no off-odors. foreign odors.

A sour milk flavor with a
sweet aftertaste
characteristic of lactose-
free products, with a faint
corn aftertaste.

Consistency

A uniform, smooth texture with an intact clump. Moderately dense, without gas

formation
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Continued from Table 2

Light gray tint, due to the color

Light yellow tint, due to the

Color White of Jerusalem artichoke powder .
and dry oat milk color of dry corn milk
Physical, chemical, and biochemical indicators

Mass fraction of fat, % 2.6 2.6 2.6
Mass fraitlon of non-fat solids 95 119 122
content, %
Acidity, °T 105.0 115.0 120.0
Active acidity, pH 4.5 4.4 4.3
Mass fraction of lactose, % Absent Absent Absent
Peroxidase, presence Absent Absent Absent
Apparent viscosity (flow time), 196.8 + 18 349.6 + 20 261.1£15

S

Stability and safety indicators

Lactic acid bacteria
(Lactobacillus bulgaricus,

Streptococcus thermophilus), 2-107 9-107 L1-108
CFUin 1.0 cm®

E. coli group bacteria Absent Absent Absent
(coliforms), in 1.0 cm®

Escherichia coli, in 0.1 cm® Absent Absent Absent
Bacillus cereus, in 1.0 cm3 Absent Absent Absent
Staphylococcus aureus, in Absent Absent Absent
1.0 cm®

Pathogenic microorganisms,

including bacteria of the genus Absent Absent Absent
Salmonella, in 25.0 cm®

Yeast, CFU in 1.0 cm® 11+£3 101 7%2
Mold fungi, CFU in 1.0 cm? 4+3 3+1 1+1

The results obtained (Table 2) are consistent
with data from recent studies showing that the use
of plant-based ingredients in yogurt products
affects their physicochemical [13], sensory, and
structural-mechanical properties [9]. A similar
trend has been described in studies on plant-
based and combined yogurt products [6; 7; 8].

The tested samples of lactose-free yogurt
products (Table 2), with an optimized ratio of raw
material components, meet the standardized
physical, chemical, and  microbiological
parameters established by current regulatory
documents, namely DSTU 4343:2004 “Yogurts.
General Technical Requirements” [26]. The results
obtained indicate high sensory properties of the
products, in particular a harmonious taste,
pleasant aroma, and uniform color, which is due to
the inclusion of Jerusalem artichoke powder and
oat or corn dry milk in their composition [6].

The developed and optimized formulation of
the lactose-free yogurt products ensures stable
microbiological safety indicators throughout the
specified shelf life. The proposed formulation is
characterized by technological adaptability to
existing production lines using tank and
thermostatic production methods, does not
require significant equipment modernization, and
can be integrated into standard pasteurization,
homogenization, and fermentation processes. The

presented research results are consistent with the
literature regarding compliance with safety
requirements and the absence of pathogens in
yogurts [13; 17]. The increased number of lactic
acid bacteria in the test samples compared to the
control indicates a beneficial effect of plant
components on the development of the
fermentation microbiota and the intensification of
the fermentation process [7; 16].

From a technological standpoint, optimizing
the formulation composition helps increase the
stability of the curd structure, reduce syneresis,
and improve rheological properties, which
reduces raw material losses and increases the
yield of finished products. Replacing skim milk

powder with plant-based formulation
components allows for the formation of
predictable structural and mechanical

characteristics and maintains the activity of the
starter culture microbiota at the required level.
Our results are consistent with the literature [7; 9;
16], which indicates that the use of plant-based
ingredients helps increase the viscosity and
stabilize the structure of yogurt products, and
does not inhibit the growth of the starter culture.
The feasibility of this initiative stems from the
opportunity to expand the product range of
lactose-free fermented milk products, thereby
enhancing competitiveness and targeting the
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growing segment of consumers with lactase
deficiency.

Based on the developed and optimized
formulation base for lactose-free yogurt products,
itis possible to develop and produce an expanded
range of fermented milk products, including
drinking and thick yogurts, bio-yogurts, functional
yogurt desserts, fermented beverages, as well as
products with increased dietary fiber and
probiotic cultures.

Prospects for further research include the
scientific and practical justification of the
technological parameters for producing a line of
lactose-free yogurt products with plant-based
bioactive components for healthy nutrition.

Conclusions

The effectiveness of using dry oat or corn milk
blends with Jerusalem artichoke powder in the
production of lactose-free yogurt products has
been scientifically proven. It has been established
that the addition of plant-based ingredients rich in
inulin and B-glucans ensures the formation of a
stable curd structure by enhancing water-holding
capacity and the interaction of protein-
polysaccharide components.

The formulation of lactose-free yogurt
products has been optimized. Optimal
concentrations of the components were
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