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Abstract. The production of lactose-free yoghurts as a dietary product for people with milk sugar
intolerance requires its extraction, which can affect the sensory and physicochemical properties
of the finished product, thus, their evaluation to improve the technology is relevant. The purpose
of the work was to explore yoghurts produced by conventional and lactose-free technologies. The
object of the study was organic drinking yoghurt with “blueberry” filler (with probiotic) 2.5% and
lactose-free organic yoghurt (with probiotic) 2.5%. The experimental samples were determined by a
group of tasters organoleptic indicators, and titrated acidity and active acidity, conditional viscosity
and structural and mechanical parameters of the product. According to the results of the research,
organic drinking yoghurt with blueberry filler tasted sour-milk, without foreign flavours and odours,
moderately sweet, with a pronounced taste of “blueberry” filler, consistency — homogeneous, tender,
dense, without gas generation, with fresh blueberry particles distributed throughout the yoghurt,
colour — with a shading characteristic of blueberries. Organic lactose-free yoghurt had a sour taste,
fermented milk, without foreign flavours and odours, and colour — white. According to the results of
physicochemical studies of the experimental samples of organic drinking yoghurt with “blueberry”
filling and lactose-free organic yoghurt, it was established that the titrated acidity was 80 and 85°T,
pH was 4.7 and 4.5, respectively. The mass fraction of carbohydrates in drinking yoghurt with the
“blueberry” filling was 9.8 g/100g compared to 4.4 g/100g in lactose-free yoghurt, including sugar,
respectively — 5.8 and 0 g/100 g. The energy value and caloric content were higher in the yoghurt
sample with “blueberry” filling. The conditional viscosity of the test samples was respectively 1 min.
30sec.and 59 sec. The degree of syneresis in the samples of organic drinking yoghurt with “blueberry”
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filling and lactose-free organic yoghurt was 55 and 45%, moisture content was 44.07 and 39.49%,

respectively. The results obtained are relevant for understanding the changes in the properties of

lactose-free yoghurts compared to the conventional type of this fermented milk product

Keywords: lactose, lactase, yoghurt, organoleptic evaluation, physicochemical parameters,

viscosity, functional products

Relevance

Milk and dairy products play a significant role in
human nutrition, as they are a source of highly
valuable, easily accessible substances that are
in balanced proportions and are characterised
by high digestibility in the body (Slavov, 2018;
Vlasenko, 2012; Kovalchuk, 2020). However,
not all people can consume dairy products. A
significant part of the world’s population suf-
fers from milk sugar intolerance (partial or
complete lactose intolerance) and, as a result,
cannot consume dairy products in their natural
form (Khavkin, 2009; Ipatova, 2013). To pro-
vide dietary dairy products to people with such
pathology of digestive organs in Ukraine and
all over the world, the production of functional
products, in particular lactose-free dairy prod-
ucts, has been launched. Thus, nowadays, it is
relevant to explore the technological features of
production and evaluation of nutritional proper-
ties of lactose-free fermented milk products.

Analysis of Recent Studies and
Publications

The theoretical and practical foundations
of the production of functional and tactless
dairy products are presented in the works of
many well-known foreign (Dekker, Koenders,
2019; Dekker, 2016; Karnyaczki;
2017) and domestic scientists (Misnyk, 2007;
Khavkin, 2009; Ipatova, 2013). In their works,
the working hypothesis of the production of

Csanadi,
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high-quality tactless dairy products is based
on the assumption that the extraction of lac-
tose from milk does not significantly affect the
organoleptic and physicochemical parameters
of fermented milk products. Currently, there is
an entire range of technical and technological
methods for reducing lactose in milk and dairy
products: enzymatic hydrolysis, baromembrane
treatment, obtaining products of an artificial
combination of components, etc.

The conventional way to reduce the amount
of lactose in dairy products is the fermentation
process during the gelation and coagulation
of casein (Vlasenko et al., 2016). Thus, during
the production of fermented milk products or
cheese ripening, lactose is naturally degraded
(Mashkin & Parish, 2006). When the starter is
added, lactic acid bacteria ferment milk sugar
and produce lactic acid, which is necessary to
start the coagulation process of casein (Gvozdev
et al., 2013). Thus, in all fermented milk prod-
ucts, cheeses are low-lactose, because milk sug-
ar is fermented by bacteria, and as a result - its
amount in them is less than in ordinary milk.

Lactose-free dairy products are obtained
after membrane filtration of milk and the ad-
dition of lactase enzyme to it. Having lost lac-
tose in this way, milk does not change its taste,
colour and fully preserves mineral compounds
and vitamins. According to the authors (Slavov,
2019; Vlasenko, 2015), lactose-free products
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differ from conventional products only in the
absence or low content of lactose and have ad-
vantages in terms of dietary and functional nu-
trition. Therewith, it becomes less caloric due
to a decrease in carbohydrate concentration by
35-45%, which is lower than in conventional
milk (Dekker, Koenders, 2019). And this, in turn,
can have an adverse effect on the consumer
properties of some types of lactic acid products.

Therefore, a comparative assessment of the
organoleptic and physicochemical characteris-
tics of yoghurts produced by conventional and
lactose-free technologies is quite relevant and
is of both practical and scientific interest.

The purpose of the research - explore
in a comparative aspect the biotechnological

features of yoghurts produced by conventional
and lactose-free technologies and evaluate their
organoleptic and physicochemical properties.

Material and Methods of Research

The research was conducted in the laboratory
of the Department of Processing Technologies
and Quality of Livestock Products of Polissya
National University, Zhytomyr.

The objects of the study were samples of
yoghurts purchased in the branded outlets of
LLC “Organic Milk”, Zhytomyr, namely: organic
drinking yoghurt with “blueberry” filler (with
probiotic), mass fraction of fat 2.5% and lac-
tose-free organic yoghurt (with probiotic) fat
content 2.5% (Fig. 1).
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Figure 1. Research samples
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During sampling, the yoghurts corresponded
to the three-day use-by date. After sampling,
the samples were stored in a refrigerator at 6°C.

Organoleptic parameters (appearance,
structure and consistency, taste and smell, col-
our) of yoghurt were evaluated according to
DSTU 4343:2004 “Yogurts. General technical
conditions” and were conducted by a group of
five tasters. At the time of the study, all sam-
ples had a valid date of use and were coded with
a three-digit code. In the experimental sam-

ples of yoghurt, physicochemical parameters

were determined: titrated acidity (titrometric
method), and active acidity (potentiometric
method using an ionometer). The mass frac-
tion of fat was determined according to GOST
5867-90 by the Gerber acid method. The mass
fraction of protein was determined by the for-
mal method.

The conditional viscosity was determined
on an Oswald viscometer, and the duration (in
seconds) of a continuous flow of the product
was measured, which was 1 min. 30 sec. and 59
sec. respectively (Fig. 2).

'_"'""--

Figure 2. Measurement of conditional viscosity on the Oswald viscometer

To evaluate the structural and mechanical
properties of the prototypes, the conditional vis-
cosity was determined by the time of outflow of
the product with a capacity of 10 cm?® with an out-
let of 5 mm and the degree of syneresis — by the
amount of serum produced per 1 hour of free fil-
tration. The moisture content in the experimen-
tal samples was determined on a moisture meter.
The conditional viscosity was determined on an
Oswald viscometer, and the duration (in seconds)
of a continuous flow of the product was measured.

Animal Science and Food Technology. 2021. Vol. 12, No. 4

All analyses were performed in triplicate.
The obtained results were processed biomet-
rically using the built-in statistical functions
package of MS Excel.

Research Results and their
Discussion

In the conditions of LLC “Organic Milk” organic
drinking yoghurt with “blueberry” filling is pro-
duced according to the conventional scheme by
thermostatic method (Fig. 3).
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Figure 3. Scheme of technological process of organic drinking yoghurt production
with “blueberry” filling

The most common way in the world to re-
duce the lactose content in milk is to add the
enzyme lactase to the product (Slavov et al.,
2019; Vlasenko et al., 2018; Skorchenko &

Greek, 2012). The enzyme splits up to 98% of
the lactose in milk. In the conditions of LLC
“Organic Milk”, this scheme of lactose-free yo-
ghurt production is used (Fig. 2).
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Figure 4. Scheme of the technological process of lactose-free yoghurt production in the conditions of
LLC “Organic Milk”
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The difference in technological schemes is
that lactose-free yoghurt contains the enzyme
lactase. Due to the addition of this component
to milk, people with lactose intolerance can en-
joy dairy products and not feel any discomfort.
Considering that lactose intolerance is the ab-
sence (lack) of the enzyme lactase, it is simply
added to the products. Thus, milk sugar is al-
ready split in this product.

The results of the organoleptic evaluation
of lactose-free yoghurt are presented in Table 1.
According to the main organoleptic indicators,
lactose-free yoghurt with 2.5% fat content
practically did not vary from organic drinking
yoghurt with “blueberry” fillers of similar fat

content. Some differences were observed only
in the sweet and sour taste. The lactose-free
version of fermented organic milk with probi-
otics had a less pronounced sweet taste than
organic drinking yoghurt and was sourer. It is
explained by the fact that products with lactose
hydrolysis have a more sour taste due to the
lower content of milk sugar (Dekker, 2016). Or-
ganic lactose-free yoghurt (with probiotic) with
2.5% fat content had a sour taste, fermented
milk, without foreign tastes and odours, and
white colour. The consistency of lactose-free
yoghurt was homogeneous, tender, and dense,
without gas production, and practically did not
vary from organic drinking yoghurt.

Table 1. Organoleptic evaluation of research samples

Characteristic

Indicator

organic drinking yoghurt with
“blueberry” filling
(with probiotic) 2.5 %

organic lactose-free yoghurt
(with probiotic) 2.5 %

Sour milk, without foreign tastes and
odours, moderately sweet, with a

Taste and odour

Sour milk, without foreign
flavours and odours, sour taste

pronounced taste of “blueberry” filler

Homogeneous, tender, dense, without
gas production, with fresh blueberry

Homogeneous, delicate,

Consistency particles distributed throughout the moderatelyrg(ejﬂz%,(:/\r/:thout gas
yoghurt mass p
Colour With a shade that is typical for White

blueberries

One of the most significant factors that allow
using fermented milk for human consumption is
its acidity. In addition, viable bacterial cultures
are the foundation for the production of fer-
mented milk, and their activity causes changes in
the finished fermented milk beverages (Dekker &
Koenders, 2019). In these studies, the effect of lac-
tose hydrolysis on the acidity of fermented milk
was hardly noticeable (Table 2). In the samples of
this drink, the titrated acidity was slightly higher

Animal Science and Food Technology. 2021. Vol. 12, No. 4

(85°T) compared to drinking yoghurt (80°T). A
similar picture was observed for active acidity,
which was 4.5 in lactose-free yoghurt against 4.7
in drinking yoghurt. Similar conclusions were
reached by (Csanadi, 2017), who noted that lac-
tose-free yoghurts had a lower pH and a higher
concentration of lactic acid than the control yo-
ghurts using classical technology. The authors
explain their findings by the fact that the split-
ting of lactose into monosaccharides facilitates
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the metabolism of bacteria and enhances the
fermentation process.

Regarding the indicators of total nutrition,
a significant difference between the samples
was observed only in the concentration of

carbohydrates. Thus, the mass fraction of car-
bohydrates in drinking yoghurt with “blue-
berry” filling was 9.8 g/100 g for 4.4 g/100 g in
lactose-free yoghurt, including sugar 5.8 and
0 g/100 g, respectively (Table 2).

Table 2. Physicochemical parameters of the research samples

Indicator

Organic drinking classic yoghurt
(with probiotic) 2.5%

Organic lactose-free yoghurt
(with probiotic) 2.5%

Titrated acidity, °T 80 85
Active acidity 4.7 4.5
Mass fraction of fat, g/100g 2.5 2.5
Mass fraction of protein, g/100g 2.5 2.9
Mass fraction of carbohydrates 9.8 44
Including sugar, g/100g 58 0
Energy value, kJ/100 g 327 216
Calorie content, kcal/100g 78 55

Energy value and caloric content were
slightly higher in the sample of yoghurt with
“blueberry” filling.

Evidently, this is connected with the higher
mass fraction of carbohydrates and sugar in the
composition of this yoghurt.

As for the ingredient composition of the
yoghurt samples, the only difference between
them was that the first sample contained “Blue-
berry” filler, and the second — Lactase enzyme.
The starter and probiotic consisted of the same
lactic acid bacteria (Table 3).

Table 3. Composition of yoghurt of research samples

Organic drinking yoghurt with “blueberry” filler (with

probiotic) 2.5%

Organic lactose-free yoghurt
(with probiotic) 2.5%

Organic cow’s milk normalised

«Blueberry» filler 8% (organic frozen blueberries,

organic sugar, citric acid - acidity regulator, pectin - -

thickener)

organic sugar

yoghurt sourdough starter (streptococcuc termophilus, lactobacilius delbrueckii subsp bulgaricus)

probiotic: lactobacillus rhamnosus

lactase enzyme

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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One of the significant indicators of nutri-
tional evaluation of fermented milk drinks is
syneresis — the separation of the liquid phase
from the gel. This process can be spontaneous
or occur only when the gel is mechanically de-
stroyed by cutting, shaking or freezing. This
visible defect can occur during the storage of
fermented milk drinks and can affect the con-
sumer properties of the final product (Dekker
& Koenders, 2019). This indicator is primarily
influenced by the total solids concentration
and protein content in fermented milk, which
increases the hardness of the gel and the reten-
tion capacity of whey in yoghurt. In addition,
the type of milk and the type of starter used

can affect the syneresis of fermented beverages
(Karnyaczki & Csanadi, 2017). In these studies
(Table 4), it was established that lactose-free
yoghurt had a lower syneresis (45%), while the
samples of drinking yoghurt with “blueberry”
filling (55%). Similar data were observed
(Dekker, 2016). The authors attributed this
phenomenon to a lower amount of synthesised
exopolysaccharides in lactose-free yoghurt at a
higher enzyme concentration.

A similar picture was observed for the hu-
midity content in the research samples. In ad-
dition, it was lower in lactose-free yoghurt and
amounted to 39.49% against 44.07% in drink-
ing yoghurt with “blueberry” filling (Fig. 5).

Table 4. Structural and mechanical indicators of research samples

Organic drinking yoghurt with

Organic lactose-free yoghurt

Indicator (Wﬁl}?gligg}.’tiglfg% (with probiotic) 2.5%
Conditional viscosity 1 min. 30 sec. 59 sec
Degree of syneresis, % 55 45
Humidity content, % 44.07 39.49

ART0) e MR T LR

3949«

Figure 5. Determination of humidity content in research samples
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Conclusions and Perspectives

The conducted studies on biotechnological fea-
tures and consumer qualities of yoghurts pro-
duced by conventional and lactose-free tech-
nologies provide grounds to state:

1) LLC “Organic Milk” organic drinking yo-
ghurt with “blueberry” filling is produced from
organic milk according to the conventional
scheme by the thermostatic method. During
the production of lactose-free yoghurt, the
addition of lactase enzyme is provided in the
technological line;

2) lactose-free version of fermented organ-
ic milk in its consumer qualities practically did
not differ from the drink made by the classical
method and had high consumer quality;

3) some differences in the organoleptic

evaluation and physicochemical parameters
were not significant and were caused by the
technological feature of the preparation of the
fermented milk product;

4) lactose-free yoghurt had a less distinct
sweet taste than organic drinking yoghurt and
was sourer;

5) the mass fraction of carbohydrates in
drinking yoghurt was significantly higher than
in lactose-free yoghurt, caused by the addition
of “blueberry” filler. In addition, lactose-free
yoghurt had no sugar in its composition;

6) in the future, it would be advisable to
explore the effect of the lactase enzyme on the
viability of fermented milk microflora, which is
a source of probiotics in finished products for
functional purposes.
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BioTexHoJI0riuHi 0COO/IMBOCTiI BHUPOOHHUIITBA TA OL[iHKA TKOCTi
0e3J1aKTO3HOro HOTypTYy

Bita 3urmynaiBHa Tpoxnmenko, Mukona Iriu Tigyx,
Tersana IBaniBHa KoBanbuyk, Bonogumup MuxosnaiioBuu BigeHko,
B’sueciaB BacuiboBuu 3axapin

[Momicpkuii HalliOHAJILHUIA YHIBEPCUTET
10008, 6ynbBap Crapwuit, 7, JKutomup, JKutromupcbka o6yactb, YRpaina

AHoranisg. Bupo6GHUIITBO 6€3/1aKTO3HMX MOTYPTiB, SIK MiE€TMYHOTO TMPOAYKTY IJis Jofeit 3
HENEPEHOCUMICTIO MOJIOUHOTO I[YKpy IMOTpebye i0ro BWIYYEHHS, IO MOXE TIO3HAUYUTUCH
Ha CeHCOpHMX Ta (i3MKO-XiMiYHMX BJIACTMBOCTSIX TOTOBOTO TMPOMAYKTY, TOMY iX OI[iHIOBAaHHS
IUIST YOOCKOHAJIEHHST TEeXHOJIOTii € aKkTyaJbHMM. MeToi0 poGOoTM 6Y/0 AOCTiIKEHHS HOTYypTiB,
BUTOTOBJIEHMX 3a TPAAMIIIIHOI Ta 6e3/IaKTO3HOI0 TeXHOojorisiMu. O6’€KTOM MOCTiIKEeHHST Gy
JOTYPT OpraHiyHMiI MUTHMII 3 HAIIOBHIOBAUEM <«YOPHMUISI» (3 TpobioTukom) 2,5 % Ta iorypt
6e371aKTO3HMIT OpraHiyHuit (3 MPo6ioTMKOM) 2,5 %. V MOCHiIHMX 3pa3Kax BU3HAUAIM TPYIIOI0
JleTyCTaTOPiB OPraHOIeNTUYHI TOKa3HUKY, a TAKOK TUTPOBAHY KUCIOTHICTb i aKTUBHY KUC/IOTHICTb,
YMOBHY B’SI3KiCTb Ta CTPYKTYPHO-M€eXaHiuHi MMOKa3HUKM MPOAYKTY. 32 pe3yabTaTaMMu JOCTiIKeHb,
JIOTYPT OpraHiuHWiI MUTHUIT 3 HATIOBHIOBAUEeM «UOPHMIISI» Ha CMak 6YB KMCIOMOJIOUHMIA, 6e3
CTOPOHHIX MPUCMaKiB i 3amaxiB, y Mipy COMOAKMIL, 3 BUpaskeHUMM IPUCMaKOM HaIlOBHIOBaya
«YOPHUIIST», KOHCUCTEHIIiSI — OMHOPIIHA, Hi’kKHA, 1i/TbHA, 6€3 ra30yTBOPEHHSI, 3 YaCTKAMM YOPHMII]
CBDXOI, SIKi pO3MOi/ieHi 3a BCi€0 Maco MOTypTY, KOJIip — 3 BiITIHKOM, XapaKTepHUM 7151 YOPHMUIII.
MorypT 6e31aKkTO3HMIT OpraHiuHMit MaB KMUCIYBaTMil CMaK, KUCIOMOJIOYHMIL, 6e3 CTOPOHHIX
MIPUCMAKIB i 3amaxiB, Komip — Ginmit. 3a pesynbratamu Qi3uKo-XiMiUHMX JOCTIIKEHDb TOCTiTHUX
3pasKiB JOTypTy OPraHiuHOTO MUTHOTO 3 HAIIOBHIOBAYEM «UOPHUIIST» Ta JIOTYPTYy 6€371aKTO3HOTO
OPraHivHOTO BCTAaHOBJIEHO, 1[0 TUTPOBAHA KUCIOTHICTh cTaHoBMIa 80 Ta 85 °T, pH BigmoBigHO —
4,7 Ta 4,5. MacoBa 4acTKa BYIVIEBOAIB Y OTypTi MUTHOMY 3 HAaITOBHIOBaUEM «UOPHMUIISI» CTAHOBWJIA
9,8 1/100 T 3a 4,4 1/100 r B JiorypTi 6€371aKTO3HOMY, Y TOMY YMC/Ii I[yKpy BimmoBigHo — 5,8 Ta
01/100 r. EHepreT1yHa LIiHHICTb Ta KaJIOPilHICTb OyJia BUILOIO Y 3pa3Ky OrypTy 3 HATIOBHIOBAYeM
«4OpHMUIIST». YMOBHA B’SI3KiCTh JOCTIZHMX 3pa3KiB cTaHOBWJIA BigmoBimHo 1 xB. 30 cek. Ta 59 cek.
CryniHb CMHepe3ucy y 3pa3Kax MOTypTy OPTaHiuHOTO MUTHOTO 3 HATIOBHIOBAYEM <«UOPHMUIIST» Ta
Jiorypty 6e3/1aKTO3HOTO OpPraHiuyHOro CTaHOBMB 55 Ta 45 %, BMicT Bosoru BimmoBimHo — 44,07
Ta 39,49 %. OTpuMaHi pe3yabTaT¥ MAalOTh 3HAUEHHS MJISI PO3YMiHHSI 3MiH y BJIACTUBOCTSIX
6€e371aKTO3HMX JOTYPTiB y MOPiBHIHHI 3 TPAAUIiIHKM BUIOM ITbOTO KMCTIOMOJIOYHOTO MMPOIYKTY.

Kiio4oBi c/1oBa: 1akT03a, 1aKTasa, oTypT, OpraHONIeNTUYHA OIliHKa, (i3MKO-XiMiuHi TOKa3HUKHA,
B’SI3KiCTb, QYHKITiOHATBHI ITPOAYKTU
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