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Abstract. Expanding the range of low-lactose dairy products, including yoghurts, is a relevant
direction and task for the food industry in the context of the growing number of people suffering
from lactase deficiency. Research into the technological aspects of the fermentation process was an
important step in the development of such products. The main objective of this work was to analyse
the technological conditions of the fermentation process in the production of low-lactose yoghurts
using whey. The studies used milk mixtures based on buttermilk, normalised for dry matter content
and hydrolysed lactose, and starter cultures containing the lactic acid bacteria Streptococcus
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus. The effect of fermentation temperature,
starter culture dose and fermentation duration on the organoleptic and physicochemical properties
of the finished product was investigated. It was established that the rational parameters for
obtaining sour milk curd and reducing the lactose content are: fermentation temperature 40-45°C,
fermentation agent dose 2.6-2.8 mg/100 g, and fermentation duration 180-240 minutes. The results
showed that during fermentation, the lactose content in the finished product decreased by 45%,
which allowed it to be classified as a low-lactose dairy product. At the same time, an increase in the
concentration of vitamins, in particular B vitamins, indicated an increase in the nutritional value
of the product. The resulting low-lactose yoghurt based on buttermilk had a thick consistency, a
pleasant sour milk taste and sweetness due to the accumulation of monosaccharides — glucose and
galactose — as a result of lactose hydrolysis. The technological parameters of the fermentation
process determined in this work can be used in the production of low-lactose yoghurts for people
with lactase deficiency and will contribute to the expansion of the range of low-lactose dairy
products produced in Ukraine

Keywords: secondary milk raw materials; lactase deficiency; starter culture; fermentolysis;
fermented products; fermented milk drinks; nutritional value

Introduction

Modern scientific programmes and develop-
ment priorities in the food industry within
the European Union are focused on creating
innovative products with proven nutritional
value and health benefits. In this context, con-
siderable attention was paid to establishing
requirements for the correct use of nutritional
and medical-biological claims, as well as devel-
oping technologies that combine traditional
ingredients with low-cost technological solu-
tions. This approach enables the production of
affordable, balanced, and nutritious products
aimed at supporting the health of broad pop-
ulation groups (Faienza et al., 2024). Special
importance is placed on research in the field of
specialised food products designed for individ-
uals with increased sensitivity to specific nu-
trients. These include consumers with chronic

diseases, fermentopathies, and food allergies
who require dietary adjustments through the
replacement or exclusion of certain compo-
nents. According to M. Essa et al. (2023), the
development of such technologies not only im-
proves the quality of life of these groups, but
also corresponds to global trends in functional
and therapeutic-prophylactic nutrition.

As noted by Yu. Honchar & V. Gnit-
sevych (2024), the number of individuals in
the population with health problems related
to lactase deficiency, i.e., the inability to digest
lactose contained in dairy products, increases
annually. One of the most effective methods for
treating lactase deficiency is diet therapy, which
includes either the complete exclusion of dairy
products from the diet or the consumption of
fermented dairy products such as sour cream,
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cottage cheese, kefir, ryazhanka, and yoghurts,
where lactose is partially converted into lactic
acid. In milk, the lactose content is 4.5-5.2%;
in cottage cheese, it is 1.8-2.0%; in sour cream,
2.7-3.2%; in kefir, about 4.0%; and in ryazhanka
and drinking yoghurts, about 3.5%. Thus, fer-
mentation of dairy raw material using starter
cultures based on lactic acid bacteria strains
can reduce only 25-30% of the initial lactose
content (Ryzhkova et al., 2024). The final lactose
level in such products remains quite high, which
makes their regular use in the diets of people
suffering from lactase deficiency impossible.

However, milk and dairy products are an
important source of complete proteins, vita-
mins, and mineral substances, especially calci-
um. Their exclusion from the diet can lead to a
deficiency of essential nutrients and, as a con-
sequence, to a decrease in work capacity and
the body’s resistance to diseases and negative
environmental factors. This is why one of the
promising directions for solving this problem is
the development of technologies for producing
dairy products, particularly yoghurts, that are
lactose-free or have a reduced lactose content.
Research by T. Yudina & A. Serenko (2021) es-
tablished that the assortment of lactose-free
and low-lactose dairy products of Ukrainian or-
igin is quite limited. It is proven that yoghurts
are highly popular among consumers. Howev-
er, the volume of low-lactose and lactose-free
yoghurts on the country’s dairy market consti-
tutes only 36.4%, which is almost 2 times less
compared to imported products.

Thus, the development of scientifically
substantiated technologies for yoghurts with
a regulated carbohydrate composition for indi-
viduals with lactase deficiency, in the context
of state policy regarding resource conservation
and the increase of high-quality Ukrainian-pro-
duced goods, is a topical and timely task. The
aim of this study was to establish the optimal
technological parameters of the fermentation
process for the production of low-lactose yo-
ghurts based on buttermilk.
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The fermentation process is one of the most
important stages in yoghurt production. It is at
this stage that the sour milk clot is formed, and
the structural and mechanical properties and
characteristic organoleptic indicators of yo-
ghurt are formed. A key factor in the fermenta-
tion process is the use of starter cultures, which
carry out biochemical reactions that lead to
the formation of curds and the desired organo-
leptic properties (Savaiano & Hutkins, 2021).
According to DSTU 4343:2004 (2005), in order
for a fermented milk product to be labelled
“yoghurt”, the enzyme preparation used in its
production must contain cultures of the lactic
acid bacteria Streptococcus thermophilus and
Lactobacillus delbrueckii bulgaricus. The strains
Str. thermophilus and L. bulgaricus are used as
starting material for the creation of symbiot-
ic starters for yoghurt. The main condition for
the selection of these strains is their symbiotic
relationship. Milk fermented under the action
of a single strain of Str. thermophilus or L. bul-
garicus has a different consistency than milk
fermented by a combination of these micro-
organisms (Ibrahim et al., 2021). When strains
are used together, the finished product has a
thicker consistency with a pronounced taste
and aroma. During milk fermentation, Bul-
garian bacillus strains produce acetaldehyde,
which gives the products a characteristic taste
and aroma, as well as antibiotic substances that
suppress negative intestinal microbiota. When
Str. thermophilus and L. bulgaricus strains are
used together, both microorganisms have high-
er acid resistance. Thus, in the process of fer-
menting milk raw materials when Str. thermo-
philus is used separately, the maximum acidity
for it is 110...120°C, while in combination with
L. bulgaricus, it can withstand an acidity of 180-
190°T, which plays a significant role in the pro-
duction of fermented milk products (Asiimwe et
al., 2021; Hussein et al., 2021).

According to E. Yamamoto et al. (2021), in
the production of fermented dairy products,
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including yoghurts, for people suffering from
lactase deficiency, the characteristic of micro-
organisms in terms of their B-galactosidase ac-
tivity is of particular importance. Most strains
of microorganisms included in starter cultures
have selective enzymatic activity towards lac-
tose. During the life cycle of these microorgan-
isms, a small amount of lactose (0.4-0.8%) is
broken down. Thanks to the use of lactic acid
bacteria, up to 30% of the initial lactose content
is fermented (Minorova et al., 2022). When fer-
mentation using starter cultures is used in the
production of yoghurt, in addition to lactic acid
fermentation, biochemical processes occur, re-
sulting in the accumulation of lactose break-
down products — volatile and organic acids, al-
cohols, diacetyl, which determine the taste and
aroma characteristic of fermented milk prod-
ucts (Li et al., 2023). Among lactic acid bacteria,
thermophilic lactic acid streptococci show the
highest activity in lactose fermentation. The
B-galactosidase enzyme of thermophilic strep-
tococcus actively hydrolyses lactose, demon-
strating high activity and stability. In addition,
according to I. Romanchuk (2020), cations in
milk raw materials help stimulate the fermen-
tation process. Research data on the properties
of lactic acid bacteria show that during fer-
mentation, they produce folic acid, niacin, vi-
tamins B12, B6, and enzymes that are essential
for the human body (Chen et al., 2023). Lactic
acid bacteria, by fermenting milk raw materi-
als, increase the absorption of proteins and fats
and promote the formation of short-chain fatty
acids, which are an important source of energy
for the body. The fermentation process also im-
proves the bioavailability of calcium and other
minerals, which has a positive effect on bone
health (Helikh et al., 2022).

Thus, analysis of recent studies indicates
significant potential for the use of fermenta-
tion in improving food quality. Fermented dairy
products have a higher content of vitamins,
probiotics and other substances, making them
beneficial to human health. However, despite

numerous studies in this area, there is a need
for further research into fermentation process-
es to determine the conditions that will allow
products with maximum beneficial properties
to be obtained. The situation on the dairy mar-
ket is complicated by the fact that, as a result
of hostilities in Ukraine, some milk processing
enterprises have ceased operations, leading to
a decline in milk production and an increase in
prices for Ukrainian dairy products (Yudina &
Serenko, 2021). One of the main problems re-
mains the attraction and effective use of the
food potential of secondary milk raw materi-
als (skimmed milk, milk whey, and buttermilk)
formed during the traditional processing of
milk into cream, sour milk cheese, and butter
(Singh et al., 2021).

The theoretical and practical aspects of
the production of food products for special di-
etary purposes, in particular lactose-free and
low-lactose dairy products, have been the sub-
ject of research by many scientists in different
countries. Scientists G. Polishchuk et al. (2020),
H. Deynychenko et al. (2022), V. Gnitsevych &
Yu. Honchar (2022) have identified priority ar-
eas for the use of secondary milk raw materials
in technologies for food products for special
dietary purposes. Research by M. Corgneau et
al. (2017) confirms the need to expand the
range of these products for the special nutri-
tion of people suffering from lactose intoler-
ance. Despite the large number of scientific
studies, work in this area continues and focuses
on the development of new technologies and
the expansion of the range of dairy products
with reduced lactose content, thanks to the use
of new raw materials that are a natural source
of essential nutrients and have a wide range of
technological properties.

Materials and Methods
Experimental studies were conducted in the
laboratories of the Department of Restaurant
and Craft Technologies of the State University
of Trade and Economics; the Department of
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Milk and Children’s Products of the Institute
of Food Resources of the National Academy of
Agrarian Sciences of Ukraine during 2023-2024.
The subject of the research was buttermilk ob-
tained during butter production by whipping
cream (Table 1); milk mixtures based on butter-
milk, normalised with milk protein concentrate

in terms of dry matter content and hydrolysed
lactose (Tables 2, 3); YC-X11 direct-added yo-
ghurt starter culture (manufacturer Christian
Hansen, Denmark), containing strains of lactic
acid bacteria Streptococcus thermophilus and
Lactobacillus delbrueckii ssp. bulgaricus (Ta-
ble 4), low-lactose yoghurt based on buttermilk.

Table 1. Physicochemical indicators of buttermilk

Acidity
titrated, °T

Mass fraction
of lactose, %

Mass fraction
of fat, %

Mass fraction
of dry matter, %

Mass fraction
of ash, %

active, pH

16.0£0.3 6.67+0.01 0.64+0.02 8.22+0.03 0.40%0.05 4.5+0.04

Source: developed by the authors based on T. Yudina & A. Serenko (2022)

Table 2. Model compositions of milk mixtures normalised by dry matter content

Raw material Mixture 1 Mixture 2
Buttermilk, % 93.5 92.0
Dry milk protein concentrate, % 6.5 8.0
Total 100 100

Source: developed by the authors based on T. Yudina & A. Serenko (2022)

Table 3. Physical and chemical indicators of milk mixtures based
on buttermilk, normalised for dry matter content and hydrolysed lactose

Acidity

Mass fraction Mass fraction of Mass fraction

Mass fraction

Sample titrated, °T  active, pH of ash, % dry matter, % of fat, % of lactose, %
Buttermilk o) 05 6675001 0.64+0.02 8.22£0.03 0.40%0.05 4.5£0.04
(Control)

Mixture 1 30.0%0.3  6.53£0.01  0.4%0.01 14.1+0.02 0.48+0.04 1.34+0.04
Mixture2  32.0%0.4  6.52%+0.01  0.44%0.02 15.3+0.03 0.50%0.02 1.21+0.04

Source: developed by the authors based on T. Yudina & A. Serenko (2022)

Table 4. Characteristics of the YC-X11 fermentation preparation

Indicator Meaning/characteristic
Appearance Lyophilised cultures in granules
Optimal operating temperature 35-45°C
Fermentation duration 4-5 hours
Recommended dosage 3mg/100 g

Source: developed by the authors based on Y. Song et al. (2023)

For the hydrolysis of lactose in raw milk,
neutral lactase was used — an enzyme prepa-
ration of yeast-derived B-galactosidase GO-
DO-YNL2, manufactured in Japan, the char-
acteristics of which are given in Table 5. A

Animal Science and Food Technology. 2025. Vol. 16, No. 4

detailed methodology for the hydrolysis of
lactose in milk mixtures based on buttermilk,
which was used as the raw material in the cur-
rent study, is provided in the work of T. Yudina
& A. Serenko (2022).
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Table 5. Characteristics of the GODO-YNL?Z lactase enzyme preparation

Indicator Meaning/characteristic
Activity 50,000 ONPGU/g
Appearance Yellowish liquid
Solubility Completely soluble in liquid
Specific gravity 1.17
Optimal active acidity 5.5...6.5 pH
Optimal operating temperature 20...45°C
Thermal stability at temperature up to 55°C
Recommended dosage 0.1%

Source: developed by the authors based on T. Yudina & A. Serenko (2022)

Fermentation of milk mixtures based on
buttermilk with dry matter content of 14.1%
and 15.3% was carried out in a thermostat at a
temperature of 40+ 2°C. The dosage of the start-
er culture varied between 2.2 and 3.0 mg/100 g,
and the fermentation time was 30 to 300 min-
utes with samples taken every 30 minutes. The
effectiveness of the starter culture was evaluat-
ed according to physical and chemical indica-
tors in accordance with DSTU 4343:2004 (2005),
taking into account that the standard titrated
acidity for yoghurts should be within the range
of 80-140°T. The study of the effect of temper-
ature on the activity of the starter culture was
carried out with temperature variations within
the range of 15...55°C, a starter culture dose of
2.6...2.8 mg, and a process duration of 210 min.
Samples were taken every 30 minutes. For each
variant of the experiment, five parallel samples
of milk mixture with a volume of 200 ml each
were prepared.

The carbohydrate composition of the mix-
tures and low-lactose fermented milk product
was determined using a high-performance lig-
uid chromatograph LC-6A with a refractomet-
ric detector (RI detector), column HC-75-Ca++
(250 x 4.7 mm) (manufactured by Shimadzu, Ja-
pan). The method was based on the removal of
fat and protein by filtration, the determination
of carbohydrates in the filtrate of the samples
obtained relative to standard samples with a
known concentration of added carbohydrates.
The efficiency of lactose hydrolysis was deter-
mined using formula (1):

E = (555) « 100%, (1)
where E - lactose hydrolysis efficiency, %; Ci -
initial lactose content in mixtures before hy-
drolysis g/100 g; Cc - lactose content in milk
raw material hydrolysate, g/100 g.

The following physicochemical param-
eters were determined in the test samples:
titrated acidity — by titrimetric method ac-
cording to DSTU ISO 6091:2007 (2009); active
acidity — by potentiometric method accord-
ing to DSTU 8550:2015 (2017); mass fraction
of fat — by gravimetric method according to
DSTU ISO 11870:2007 (2009); mass fraction
of protein — by the Kjeldahl method according
to DSTU ISO 8968-1:2005 (2007), vitamin con-
tent — by high-performance liquid chromatogra-
phy according to DSTU EN 14164:2019 (2019).
The physicochemical parameters were deter-
mined in three parallel samples for each sample.

The rheological parameters of the finished
product were determined using a RHEOTEST
II (Ukraine) rotational viscometer with a cyl-
inder-cylinder (S/S3) measuring system by re-
cording the deformation (flow) kinetics curves.
The measurements were carried out in mode
“a”, which was set experimentally taking into
account the structural and mechanical proper-
ties of the test samples. The measuring cylinder
(rotor) S2 was selected so that the gradient lay-
er spread throughout the entire thickness of the
product layer located in the annular gap of the
viscometer measuring device. A new portion of
the product was taken for each experiment. The

Animal Science and Food Technology. 2025. Vol. 16, No. 4
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shear stress t (Pa) was measured for 12 values
of the shear rate gradient y in the range from
0.33 to 145.8 s-1 in the forward and reverse di-
rections. For this purpose, the value of o was
recorded at the maximum angle of deflection of
the pointer on the instrument scale.

The organoleptic indicators of the devel-
oped products were determined by a tasting
commission based on a developed sensory eval-
uation scale for low-lactose fermented milk
drinks based on buttermilk. The tasting com-
mission consisted of scientists in the field of
food technology, as well as practitioners from
food industry enterprises and catering estab-
lishments. The organoleptic evaluation was
carried out with the participation of 12 quali-
fied tasters. The evaluation was carried out in
a specially equipped tasting room at a temper-
ature of 20 £ 2°C, with samples served in iden-
tical 50 ml containers. The work of the tasting
commission was organised in accordance with
the ethical standards of the WMA (2013). All
participants were familiarised with the aim of
the study and gave their informed consent to
participate. The sensory evaluation of yoghurt
was carried out on a 5-point scale, taking into
account the main characteristics to be evaluat-
ed (appearance, colour, taste, smell, consisten-
cy) in accordance with DSTU 4343:2004 (2005).

Theresults of the experimental studies were
statistically processed using the least squares
method to determine the error of the obtained

data. All experiments were repeated five times.
Statistical processing of the experimental data
was performed using Statistica 10.0 software
(StatSoft Inc., USA). For each indicator, the
arithmetic mean (M), standard deviation (SD)
and standard error of the mean (SEM) were cal-
culated. Thereliability of the difference between
the groups was assessed using one-way analy-
sis of variance (ANOVA). The difference was
considered statistically significant at p < 0.05.

Results
The main stage in the production of low-lactose
yoghurts is the fermentation of the hydrolysed
milk base, which results in the formation of the
properties of the sour milk curd, safety indi-
cators and the quality of the finished product.
Based on an analysis of the market for fermen-
tation preparations and the work of scientists,
the YC-X11 direct-addition yoghurt fermenta-
tion preparation (manufactured by Christian
Hansen, Denmark) was selected for the produc-
tion of low-lactose fermented milk drinks. The
fermentation parameters recommended by the
manufacturer for the use of the direct-addition
starter culture YC-X11 are specified for whole
milk as the raw material for yoghurt production.
Thus, in order to justify the conditions for the
action of the YC-X11 starter culture in another
dairy system, the effect of its dosage on the qual-
ity indicators of low-lactose yoghurt based on
buttermilk was investigated (Figs. 2, 3; Table 6).
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Figure 1. Effect of the dose of starter culture on the duration
of fermentation of milk mixture with a dry matter content of 14.1%
Source: developed by the authors

Animal Science and Food Technology. 2025. Vol. 16, No. 4




Yudina et al.

77

140 T T T T T T T T T
| | | ! | | | |
g [T22ME m24mg A26ihg  ©28mgX30mg | | Ratjonal | |
2 i i i i i i Zone i
w0 R R R R B
S I I I I |
R e — S S N
e i
S =
s 0 L =%a T Fermentation
= 40 i} i T duration, min
| | | | | | i i
Z00 30 60 90 120 150 180 210 240 270 300

Dose of starter culture preparation

Figure 2. Effect of the dose of starter culture on the duration of fermentation

of milk mixture with a dry matter content of 15.3%

Source: developed by the authors

Table 6. Quality indicators of milk mixtures with hydrolysed lactose after fermentation

Indicators

Milk mixtures based on buttermilk, normalised with milk protein concentrate

Mixture 1 Mixture 2
Dose of FP, mg 2.2 2.4 2.6 2.8 3.0 2.2 2.4 2.6 2.8 3.0
Titrated acidity, °T 80.0 82.0 83.0 84.0 80.0 81.0 83.0 85.0
Heterogeneous, Homogeneous. tender. Heterogeneous, Homogeneous,
. with disturbed omogen § > with disturbed tender, with
Consistency . with undisturbed curd, s -
curd; slight curd; slight undisturbed curd,
- moderately dense ;
serum secretion serum secretion moderately dense
Colour Milky white with a yellowish tint
Pure, characteristic of fermented milk drinks; extraneous aromas
Smell
and odours are absent
Taste Characteristic of fermented milk products, with a pleasant malty flavour;

without extraneous tastes

Note: FP - fermentation preparation
Source: developed by the authors

The research results indicate that the for-
mation of a fermented milk curd with specified
organoleptic properties and regulated titrat-
able acidity within the range of 80-140°T was
achieved under the following rational parame-
ters: for a milk mixture with a total solids con-
tent of 14.1%, the starter culture dosage was
2.6-2.8 mg/100 g, with a process duration of
210-240 minutes; for a milk mixture with a total
solids content of 15.3%, the starter culture dos-
age was 2.6-2.8 mg/100 g, with a process dura-
tion of 180-210 minutes. The use of lower start-
er culture dosages resulted in a reduction in
the intensity of curd formation and an increase
in fermentation time, leading to unnecessary
energy expenditure, which is undesirable.

Applying a starter culture dosage of 3 mg/100 g
did not significantly affect the quality indica-
tors of the developed product but did contrib-
ute to an increase in production costs.

The strains of lactic acid bacteria in
the YC-X11 fermentation preparation are
chemoorganotrophic microorganisms (Ro-
manchuk, 2020). This means that they obtain
energy by oxidising organic substances, i.e.
lactic acid bacteria oxidise lactose, converting
it into glucose and galactose. Glucose and ga-
lactose serve as substrates for the synthesis of
lactic acid. Temperature affects the activity of
lactic acid bacteria and their metabolic rate.
At higher temperatures, the enzymes involved
in the metabolism of lactic acid bacteria work

Animal Science and Food Technology. 2025. Vol. 16, No. 4
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faster, producing more lactic acid per unit of
time and, as a result, accelerating the process
of sour milk curd formation. Considering the
above, in the next series of experiments, the

= =
o N
o O

Titratable acidity, °T
(o)
o

effect of fermentation temperature on the ac-
tivity of the starter culture in milk mixtures
normalised for dry matter content was inves-
tigated (Figs. 4, 5).

FP dose

H 2.6 mg 2.8 mg

TN

Fermentation temperature, °C

Figure 3. Effect of temperature on the activity of the starter culture
in a milk mixture with a dry matter content of 14.1%

Source: developed by the authors

—_ =
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o O O

6
40
20

0

o

Titratable acidity, °T

FP dose m2.6 mg 2.8 mg

15 20 25 30 35 40 45 50 55

Fermentation temperature, °C

Figure 4. Effect of temperature on the activity of the starter culture
in a milk mixture with a dry matter content of 15.3%

Source: developed by the authors

The results showed that the fermentation
agent was most effective at temperatures be-
tween 40 and 45°C. At lower temperatures, the
fermentation process and curd formation were
slower, which can be explained by the low activ-
ity of Lactobacillus bulgaricus and Streptococcus
thermophilus lactic acid bacteria at these tem-
peratures. When the temperature rose above
45°C, the effectiveness of the starter culture
decreased due to the inactivation of lactic acid
bacteria at high temperatures. Thus, the most
rational parameters for the fermentation pro-
cess of milk mixtures with a high dry matter

Animal Science and Food Technology. 2025. Vol. 16, No. 4

content, which ensure the formation of a sour
milk curd with the specified organoleptic prop-
erties, standardised titrated acidity within the
range of 80-140°C and reduce energy consump-
tion, are fermentation temperature — 40-45°C,
a starter culture dose of 2.6-2.8 mg/100 g, and
a process duration of 180-210 minutes for milk
mixtures with a dry matter content of 14.1%
and 210-240 minutes for milk mixtures with a
dry matter content of 15.3%.

Consistency — one of the most impor-
tant indicators of the consumer properties of
low-lactose fermented milk drinks, including
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yoghurts. It is formed during the technolog-
ical process and depends on many factors,
including the properties of the milk base, the
dose of enzyme and starter cultures, and pro-
duction parameters. Figures 6 and 7 show the

results of a study of the effect of the dose of
the starter culture and the duration of fer-
mentation of milk mixtures with different dry
matter contents on the rheological properties
of low-lactose yoghurt.
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£ v =-3.9643x% + 67.44x + 277.61
i ~ R? = 0.9984
‘g 500
&
s
2
£ 400
&
25| b H H H H
<00 y=-1.8214x%+49.917x + 257.82
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Figure 5. Dynamics of effective viscosity change during fermentation
of milk mixture with dry matter content of 14.1%

Source: developed by the authors

700
FPdose | e2/6mg m2.8mg

600

s y =-0.25x2 + 34.869x + 316.96

E 500 R*=0.9894

g

= 400

%

z

& y =-1.3036x2 + 43.958x + 281.55

300 R?=0.995

T

30 60 90

120 150 180 210 240

°C - Fermentation temperature, °C

Figure 6. Dynamics of effective viscosity change during fermentation
of milk mixture with dry matter content of 15.3%

Source: developed by the authors

Animal Science and Food Technology. 2025. Vol. 16, No. 4




80

Study of technological parameters of the fermentation process...

The results of the studies show that as the
fermentation time increases, the viscosity of
the test samples increases. This is because the
components of the milk mixture, such as pro-
teins and lactose, are involved in the formation
of sour milk curds. The lactic acid bacteria con-
tained in the fermentation preparation convert
lactose into glucose and galactose, which serve
as substrates for biochemical reactions that re-
sult in the formation of lactic acid. Lactic acid
causes protein coagulation, followed by the
formation of lactic acid curds. Thus, when add-
ing 2.6-2.8 mg/100 g of starter culture and fer-
menting for 180-210 minutes the viscosity of
the finished product was 523-559 mPa*s, and

5 2.17
2.

> 1.63

2
15 0.81

Mass fraction of
carbohydrates

1
A

Mixture 1 (DM 14.1)

for a milk mixture with a dry matter content of
15.3%, it was 560-564 mPa*s, respectively. The
resulting low-lactose yoghurt is characterised
by a stable structure and semi-liquid consist-
ency. During the further fermentation process
for 210-240 minutes, insignificant changes in
viscosity were observed in the test samples,
while the consistency of the yoghurt remained
homogeneous, semi-liquid, without whey sep-
aration. In order to determine the compliance
of the products obtained after fermentation
with the requirements for low-lactose prod-
ucts set by the European Food Safety Author-
ity (2010), their carbohydrate composition was
determined (Fig. 8).

2.23

Lactose
1.47 u

Glucose
0.73

Mixture 2 (DM 15.3)

] Galactose

Figure 7. Carbohydrate composition of fermented milk mixtures with hydrolysed lactose

Source: developed by the authors

The results of the studies show that in the
obtained milk mixtures with a dry matter con-
tent of 14.1% and 15.3%, the lactose content
after fermentation is less than 1%, which com-
plies with the recommendations for its content
in low-lactose dairy products. For further re-
search and development of low-lactose yoghurt
technology, a milk mixture with a dry matter
content of 15.3% was selected as the milk base,
as it has a lower residual lactose content, and
the higher dry matter content in the specified
milk base makes it possible to obtain a finished
low-lactose fermented milk drink with a stable
structure and consistency.

During the fermentation of the milk base
in the production of low-lactose yoghurt, bio-
chemical processes occur that affect changes in
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the chemical composition of the finished prod-
uct. In particular, under the action of lactic acid
bacteria, lactose is converted into glucose and
galactose, which, in turn, serve as a substrate for
the formation of lactic acid, which participates
in the formation of a fermented milk curd (Bol-
gova et al., 2021). In addition to lactic acid, the
lactic acid bacteria that make up the yoghurt
starter culture are a source of vitamins, particu-
larly B vitamins. Analysis of the research results
(Table 7) shows that the carbohydrate composi-
tion changes during the fermentation of the milk
base in yoghurt production. Thus, the lactose
content in yoghurt after fermentation decreased
by 45%, which indicates the high B-galactosidase
activity of the lactic acid bacteria included in the
starter culture (Wolf et al., 2015).
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Table 7. Effect of fermentation on the chemical composition
of low-lactose yoghurt based on buttermilk

Indicator Before fermentation After fermentation
Carbohydrate content, g/100 g:
Lactose 1.33 0.73
Glucose 1.69 1.47
Galactose 1.44 2.23
Vitamin content, mg/100 g:
B, 0.128 0.131
B, 0.111 0.122
B, 0.937 1.0
B 0.372 0.386

5

Source: developed by the authors

Since low-lactose yoghurt based on but-
termilk falls into the category of special health
foods and is recommended for people with
lactase deficiency, the lactose content in the final
product is particularly important. The data ob-
tained show that a lactose content of 0.73% per
100 g of product meets the requirements of the
European Food Safety Authority (2010). There
is also an increase in the vitamin content in the
finished yoghurt, which indicates the ability of
lactic acid bacteria to produce, in addition to
lactic acid, other biologically active substances
that increase the nutritional value of the product.

The combination of biochemical transfor-
mations in the yoghurt production process af-
fects not only the change in chemical composi-
tion, but also the formation of the organoleptic
properties of the finished product. During fer-
mentation, in addition to the conversion of
lactose to lactic acid, side processes also occur
with the formation of organic acids, aldehydes,
alcohols, and peptides, which determine the
characteristic sour milk taste and aroma of yo-
ghurt. The quality characteristics of the devel-
oped low-lactose yoghurt based on buttermilk
are shown in Table 8.

Table 8. Quality indicators of low-lactose yoghurt based on buttermilk

Indicators Characteristics
Titrated acidity, °T 83.0
Active acidity, pH units 4.78

Consistency Homogeneous, delicate, with intact curds, moderately dense
Colour Milky white, homogeneous, with a yellowish tint
Smell Pure sour milk, mild; no foreign odours
Taste Pronounced sour milk, mild, balanced, with a characteristic sweet taste

Source: developed by the authors

The developed low-lactose vyoghurt
is characterised by high organoleptic in-
dicators that meet the requirements of
DSTU 4343:2004 (2005). Thanks to the accumu-
lation of glucose and galactose, whose sweet-
ness indices are 5-6 times higher than that of
lactose, low-lactose yoghurt based on butter-
milk has a pleasant sweet taste, which makes it

possible not to use sugar in its recipe and rec-
ommend the product for low-calorie diets.

Discussion
The results of the study of the fermentation pro-
cess in low-lactose yoghurt technology based
on buttermilk confirm the importance of de-
termining technological parameters to achieve
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the desired organoleptic and physicochemical
properties of the product. Analysis of the results
obtained shows significant correspondence
with other scientific works devoted to the study
of the fermentation process of food products.
Thus, the research by S. Saritas et al. (2024) con-
firms that a temperature range of 38-45°C is op-
timal for the activity of most lactic acid bacteria
and ensures the production of fermented milk
products of the required quality. The rational
fermentation parameters established in the cur-
rent study ensure the formation of a stable sour
milk clot with standardised titrated acidity (80-
140°T) and active acidity (pH 4.78), which cor-
relates with the optimal conditions described
in the study by A. Asiimwe et al. (2021), where
a temperature of 40-42°C contributed to bet-
ter rheological stability of yoghurts with added
probiotics. Compared to the study by E. Halb-
mayr-Jech et al. (2020), where the concentration
of B-galactosidase from Lactobacillus paracasei
(0.3%) reduced the lactose content in 100 g of
yoghurt to 2.5 g, the approach used in the cur-
rent study, combining enzymatic hydrolysis of
lactose with the action of the YC-X11 starter
culture based on lactic acid bacteria, demon-
strates a lower final lactose content (0.73%),
which makes the product more attractive for
people with lactase deficiency.

In the work of F. Tonolo et al. (2020), it
was determined that the fermentation of dairy
products at a temperature of 40-45°C ensures
high efficiency of lactic acid bacteria and pro-
motes the formation of a stable sour milk clot.
At the same time, according to the results of
scientific research, the most effective temper-
ature range for reducing lactose is 42-44°C.
Research by Y. Gao et al. (2025) shows that
temperatures above 45°C can cause the inacti-
vation of lactic acid bacteria, which leads to a
decrease in fermentation efficiency. The results
obtained in the study prove that fermentation
of the milk base at temperatures above 45°C
has a negative effect on the activity of starter
cultures, confirming the importance of precise

Animal Science and Food Technology. 2025. Vol. 16, No. 4

temperature control to achieve stable results.
Thus, the results of the current study confirm
the conclusions of previous studies, according
to which the optimal temperature range for re-
ducing lactose content is 42-44°C. The select-
ed fermentation parameters were found to be
comparable to scientifically substantiated data.

It is worth noting the study by K. Kondro-
tiene et al. (2024), which examined the effect of
fermentation duration on the quality of dairy
products. Their study indicated that prolonging
fermentation for more than 240 minutes leads
to a decrease in the activity of lactic acid bac-
teria, which negatively affects the organoleptic
properties of the product. This coincides with
the observations of the authors of the current
work: a process duration of more than 210 min-
utes affects the reduction in the activity of lac-
tic acid bacteria, which indicates the need to
control this parameter to achieve high product
quality. An increase in the concentration of B
vitamins and the accumulation of short-chain
fatty acids in the finished yoghurt indicates
the biosynthetic activity of lactic acid bacteria
during fermentation. This is consistent with
the findings of D. Savaiano & R. Hutkins (2021),
where fermentation with Bifidobacterium long-
um under similar parameters increased the con-
tent of B vitamins and organic acids, improving
the bioavailability of minerals, in particular
calcium. Research by H. Abbas et al. (2024) also
demonstrates that bifidobacteria in the fermen-
tation of yoghurt not only enrich the product
with biologically active substances, but also
increase its antioxidant activity. The data ob-
tained also correlates with the conclusions of
B. Namshir et al. (2025), where the fermentation
of goat’s milk with similar strains of lactic acid
bacteria led to an increase in the content of B vi-
tamins by 5-15%, increasing the biological val-
ue of the product. Scientists W. Li et al. (2020)
also note that the addition of probiotics to yo-
ghurt promotes vitamin synthesis and improves
its stability during storage. Research by L. Li et
al. (2023) proves that the fermentation of dairy
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products not only reduces the lactose content
but also improves the nutritional value of the
product by increasing the concentration of vi-
tamins, in particular B vitamins. This was con-
firmed by the results of the current study, which
note an increase in the content of vitamins, in
particular B vitamins, during the fermentation
of the milk base of buttermilk yoghurt.
Scientists E. Yamamoto et al. (2021) have
confirmed that the fermentation of lactose in
the production of yoghurt contributes to the ac-
cumulation of glucose and galactose, which de-
termines the natural sweetness of the product.
According to their data, this process makes it
possible to significantly reduce the need to add
sugar to achieve the desired taste. The results
of the studies also confirm that the process of
lactose hydrolysis and monosaccharide accu-
mulation gives yoghurt a natural sweet taste,
which makes it less caloric due to the absence
of sugar in the recipe. In conclusion, the con-
sistency of the results obtained in the current
study with the data from previous studies con-
firms their scientific validity and emphasises
the importance of controlling the fermentation
process as a determining factor in the forma-
tion of the nutritional value of dairy products.

Conclusions
Based on comprehensive analytical and exper-
imental studies, the role of fermentation in the
production of low-lactose yoghurts has been
determined. The patterns of influence of tech-
nological factors on the fermentation process
and the formation of sour milk curd in low-lac-
tose yoghurt have been established. It has been
determined that the rational parameters of the
fermentation process of milk mixtures with a
dry matter content of 15.3%, which ensure the
formation of a sour milk curd with the speci-
fied organoleptic properties and a standardised
titrated acidity within the range of 80-140°T,
are a fermentation temperature of 40-45°C, a
dose of YC-X11 direct-added yoghurt starter
culture of 2.6-2.8 mg/100 g, and a fermentation

time of 210 minutes. The effect of fermentation
on the nutritional value of the finished product
was investigated. It was proven that during the
fermentation of the milk base, the lactose con-
tent decreased by 45% and did not exceed 1% in
the finished yoghurt, which meets the require-
ments of the European Food Safety Authority
for its content in low-lactose dairy products.
At the same time, the recorded increase in the
concentration of vitamins, in particular group
B, indicates an increase in the nutritional val-
ue of low-lactose yoghurt. The accumulation of
monosaccharides, such as glucose and galac-
tose, in the process of lactose hydrolysis during
fermentation determines the natural sweetness
of the finished product, which makes it possible
to avoid adding sugar to its recipe.

The resulting low-lactose yoghurt based on
buttermilk was characterised by favourable con-
sumer properties — a thick consistency, pleasant
sour milk taste and natural sweetness, which
meet the requirements of DSTU 4343:20024.
The technological parameters of the fermen-
tation process determined in the work can be
used in the production of yoghurts for people
with lactase deficiency, which will contribute to
the expansion of the range of low-lactose dairy
products of Ukrainian production based on sec-
ondary milk raw materials. Further research in-
volves the development of a recipe and techno-
logical scheme for the production of low-lactose
yoghurt based on buttermilk, as well as research
into changes in the quality and safety indicators
of the finished product during storage, which
will allow determining its shelf life while ensur-
ing the preservation of its beneficial properties.
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AHoTauisg. Po3mupeHHSI aCOPTMMEHTY HU3bKOJAKTO3HUX MOJIOYHUX IPOAYKTIB, 30Kpema
MOTYpTiB, € aKTyaJIbHUM HAIpPSIMOM Ta 3aBIaHHSM [IJIsS XapyoBOi MPOMMCIOBOCTI B KOHTEKCTi
3pOCTAaOY0i KiJIbKOCTI 0Cib, 1[0 CTpakgarTb Ha JAKTa3sHy HEeOOCTATHICTh. [OCTiIKeHHS
TEXHOJIOTIUHMX acIeKTiB Ipolecy QepMeHTallii € BaXXJIMBUMM €TalloM Yy TEeXHOJOTii
PO3pO6IEHHS TaKMX MPOAYKTiB. OCHOBHOIO METOI0 JaHOi po6oTM 6YB aHali3 TEXHOJOTiUHMUX
yMOB (epMeHTaIliiiHOro Tpollecy TPy BUPOOHUITBI HMU3bKOJAKTO3HUX MOTYpTiB i3
3aCTOCYBAHHSM CKOJIOTMH. Y NOCTiIKeHHSIX BUKOPUCTOBYBAJIMCH MOJIOYHI CyMmilni Ha OCHOBIi
CKOJIOTMH, HOpMaji30BaHi 3a BMICTOM CyXMX pEUYOBMH Ta TipO/Ni30BaHOI0 JIAKTO30I0,
3aKBalllyBa/IbHi Ipernapary, M0 MiCTSITb MOJIOYHOKMCII Gakrepii Streptococcus thermophilus
ta Lactobacillus delbrueckii ssp. bulgaricus. [JocmigkeHO BIUIMB TeMIIEpPATypM CKBALIyBaHHS,
031 3aKBalllyBaJbHOTO MpeIapaTry Ta TPUBAJIOCTI Mpolecy ¢depMeHTallii Ha OpraHOJeNTUYHI
Ta (i3uKo-XiMiuHi TOKA3HMKM TOTOBOTO TMPOAYKTY. BcCTaHOB/IEHO, IO paliOHATBHUMU
rnapaMeTpamMu OTPUMAHHS KUCIOMOJIOYHOTO 3TYCTKY Ta 3HVWKEHHS BMICTy JIaKTO3M €:
TeMIlepaTypa ckBauryBaHHs 40...45 °C, [o3a 3akBallyBaJIbHOrO Ipemnapary — 2,6...2,8 mr/100 r
Ta TpuBaIicThb npouecy depmenTanii — Big 180 no 240 xBuanH. OTpuMaHi pe3yibTaTy IOKa3aiu,
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o y mpoiieci hbepMeHTaIlii BMiCT TaKTO3M B TOTOBOMY MTPOAYKTi 3MeHIIMBCS Ha 45 %, 110 1a/10
3MOTY BiiHeCTH /10T0 0 KaTeropii HM3bKOIAKTO3HMUX MOJIOUYHMX BUPOGiB. BomHouac 3adikcoBaHe
3pOCTaHHSI KOHIeHTpalii BiTamiHiB, 30KpeMa rpynu B, cBiguuTh mpo migBuIineHHS XapyoBOi
LIHHOCTI NpoAyKTy. OTpuMMaHMii HU3bKOJIAKTO3HUIA IOTYPT Ha OCHOBi CKOJIOTMH MaB ILiIJIbHUI
3TYCTOK, IPUEMHMIT KMCTOMOJIOYHMI CMaK Ta COJOKiCTh 3aBISIKM HAKOTIMUEHHIO MOHOIYKPiB —
IJIIOKO3Y Ta rajakTo3¥, B pesyJbTaTi rigposisy yiakTo3u. BusHaueHi B po6OTi TeXHONOTiUHi
rapaMeTpu mpoiiecy pepMeHTallii MOXKYTb 6YTY BUKOPUCTaHI Y BUPOOHUIITBI HU3bKOTAKTO3HUX
JOTypTiB [71s1 0Ci6 i3 JIaKTa3HOI HEAOCTATHICTIO Ta CIPUSITUMYTh PO3IIMPEHHIO ACOPTUMEHTY
HM3bKOJIAKTO3HUX MOJIOYHUX MMPOAYKTiB YKpaiHCbKOTO BUPOOGHUIITBA

KiniouoBi coBa: BTOpMHHA MOJIOUHA CMPOBMHA; JIaKTAa3HA HENOCTATHICTh; 3aKBalTyBaJIbHUI
rpemnapar; hbepMeHTOi3; hepMeHTOBaHi MPOAYKTHU; KMCIOMOJIOUHI Haroi; XapuoBa LIiHHiCTh
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