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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PRINCIPLES OF DEVELOPMENT OF OSMOTICALLY
AND BIOLOGICALLY ACTIVE COMPOSITIONS
FOR TECHNOLOGIES OF FERMENTED MILK DRINKS

Abstract. Currently, yogurt is considered to be the most popular dairy product in the world. The high content of
skim milk, Bulgarian sticks and thermophilic Streptococcus, the content of which in the finished product at the end
of the term is not less than 10’ CFU in 1g of the product, create a unique recognizable profile of the product. Taking
into account the specifics of Kazakhstan, in particular, geographical, socio-cultural factors, as well as the centuries-
old history of camel milk consumption, the problem of scientific justification and development of industrial tech-
nologies of yogurt on its basis is actualized. The research presents the results of the development of osmotically
active sweetening composition with pronounced probiotic properties. With its use, the technology of the creation of
yogurt from camel milk, including low-lactose one, has been developed. It was found that the optimum level of syrup
is about 5% by weight of the product. The analysis of the produced yogurt and low-lactose yogurt showed their high
organoleptic characteristics. The developed technology suggests the possibility of its implementation in the dairy
industry, producing dairy products.

Key words: camel milk, fermented milk drink, ferment, prebiotic, fructose, isomaltulose, lactulose.

Among the many problems associated with the development of society, the most global is the task of
improving the structure of nutrition of the population, ensuring the availability of food products, as well as
the creation of enriched foods with desired properties that contribute to the adaptation of the organism in a
super-dynamic environment [1-5, 24].

The practical achievement of the goals declared by the state policy in the field of production and
consumption of food products is directly related to the technologies of milk processing, as an important
component in human nutrition throughout his life [1, 6, 23].

One of the most popular dairy products today is yogurt, which is included in many diets, and is also
used in cosmetology. Yogurt is a fermented milk product with a high content of skimmed milk solids,
produced using a mixture of Bulgarian sticks and thermophilic Streptococcus [7].

Lactobacillus bulgaricus is a probiotic bacterium. The energy of exothermic process (AH < 0) is
obtained by microorganisms as a result of homofermentative lactic fermentation. In this case, the Bul-
garian stick synthesizes peptidoglycanhydrolase - specific enzyme responsible for the hydrolysis of
peptidoglycan required for the microbiological process. It is known to be an important component of the
cell wall of bacteria, and also produces extracellular polysaccharides that improve structure, increase
stability and prevent yogurt syneresis. The second necessary microbiological component is thermophilic
Streptococcus, which is a plant probiotic. Under the action of enzymes secreted by Streptococcus, lactose
fermentation occurs with the formation of lactic acid. Lactic acid destroys the putrid bacteria that cause
food to rot in the colon [8].
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Taking into account the specifics of Kazakhstan, in particular, geographical, socio-cultural factors, as
well as the centuries-old history of camel milk consumption, the problem of scientific justification and
development of industrial technologies of yogurt on its basis is actualized. At the same time, it is advisable
to enrich the probiotic product with prebiotics, increasing the effectiveness of preventive action [9, 10].

One of the aspects of this problem is the development of a prebiotic composition with pronounced
sweetening properties. It should be borne in mind that an unbalanced high-calorie diet with high con-
sumption of fast-digested simple sugars in daily diets can provoke the risk of obesity, type 2 diabetes,
etc. [8].

The aim of the work was to develop and study a sweetening osmotically active composition with
prebiotic properties from the position of identifying the laws of formation of its thermodynamic
characteristics depending on the concentration and species characteristics of solutions.

Using the criteria assessment for a number of factors: safety/availability/efficiency/manufacturabi-
lity, etc. were originally selected osmotically active substances such as fructose, isomaltulose, inulin,
lactulose, oligofructose.

A complete factorial experiment for two factors — temperature and concentration for the above
substances-was carried out. The response was the water activity index (Aw) in the solution. Statistical
processing and visualization of experimental data was carried out using the methods of matrix algebra
with the help of the programs "Microsoft Exel", "CurveExpert" and "MatLaby.

Regression equations were found for all solutions of carbohydrates, as well as graphical data on the
interpretation of numerical data on the dependence of osmotic pressure and water activity on the concen-
tration of solutions of carbohydrates.

On figures 1 and 2 respectively, a graphical interpretation of the dependence of water activity (Aw)
and osmotic pressure on the concentration (C,%) of aqueous solutions of fructose is presented.

M,K,L M.K,L

Figure 1 — The response surface of the regression equation, the lower and upper confidence intervals

Figure 1 shows that the surfaces of the upper and lower confidence limits have specific breaks. In
fact, in these areas, the values of Aw should be taken as one or zero, respectively.

By analogy with the scheme of fructose research, the results were experimentally obtained, but the
regression equations for solutions of inulin, lactulose, oligofructose and isomaltulose were obtained
(table 1).

The analysis of all the above data shows that the results are similar to fructose studies: the regression
equations describe the dependence under study with a certain error, which is determined by the tempe-
rature setting error ((£0,5)°C). In other words, the attempt to process the results as the data of a complete
factorial experiment for two factors was somewhat incorrect.
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Figure 2 — Dependence of osmotic pressure on the concentration of fructose solutions

Table 1 — Decoded Aw regression equations for inulin, lactulose, oligofructose and palatinose solutions

The name of Regression equations
carbohydrate & 4
Inulin fxy) :20-89_044)(—55+0‘05y—20.5+O-01'x—55'y—20.5_0424 Xx—-55x-55 _ 008 y—20.5.y—20.5 )
45 15 45 15 45 45 15 15
- -2 - -2 - - —20y -2
Lactulose fxy) = 0.8994— 03522 _ 0162 =20, 0.012-(X 3y Oj - 0.2803("—55-"—55) 40025 =20y =20 )
45 1 45 1 45 45 1 1
. x—55 x—55 x-55 -2l y-21
Oligofructose f(x,y) :=0.91 — 0.45 -0.36 . —0.01{ X 3)
45 45 45 1
- 55 -20.5 —-55 y-205 - 55 x-55
Isomaltulose f(x,y) = 0.83 - 0.251 2 1 0.24% 10231222 _oos| 122X )
45 1.5 45 45 45

The results of further calculations showed that the coefficients in the regression equation of inulin
and lactulose are significant. In the regression equation of (1) oligofructose coefficients are not significant
aty and x-y, (2) isomaltulose — at y”.

The type of aw response surfaces described by adjusted regression equations is shown in figure 3.

In this regard, the results of the experiment were processed as experimental data for one factor — the
concentration of carbohydrates. Processing was carried out using the program "CurveExpert". The data are
presented in figure 4.

Table 2 presents the corresponding regression equations for each of the described carbohydrates,
taking into account the error values.

In accordance with the results of the experiment to identify Aw depending on the concentration of
osmotically active agents, as well as taking into account the biological properties of carbohydrates, in
particular, prebiotic, low glycemic index, etc., the research framework was narrowed to a specific model -
fructose:isomaltulose:lactulose.

Based on these studies of organoleptic characteristics of model samples of syrup, taking into account
the available data on the coefficients of sweetness, consumption rates, the following model of fructose
syrup is proposed — fructose:isomaltulose:lactulose = 49,75:49,75:0,5.
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Table 2 — Aw regression Equations for solutions of inulin, lactulose, oligofructose and isomaltulose

The name of

Regression equation
carbohydrate egression equations

Y=9960-10"+1,160-10" —(1,140-10° £3,100-10™" )-x +
Fructose 5 » s 77 . s 5)
+(2,0357-107 £6,620-10° )-x" —(9,0024-107 £3,950-10"" )-x

: 4
Inulin = (0,094+5,02-107)— (23,267 9,73 1076 ) (1295107228107 7)o~ (82256.4510 ) ©6)

3 =1,036+7,04-107 — (4,64-107 - x+8,44.10) +
Lactulose . s s o 3 ; 7
(143107 - x% +1,22-107°) = (1,724-10"° - x> £2,46-107)

y=1,0929+4,01-107% —(1,14-107 - x +£3,46-107>)
Oligofructose 4 s 6 3 ; ®)
+(3,513-107* - x2 £7,61-10°) - (3,4-107° - x* £ 4,776 -1077)

be (1,029+9,72-107%)-(8,1879972-107 +8,28-107>) — (9,368 - x*>* +1,788-107%)
(8,19-107 + x*346 £1,091-107°)

Isomaltulose

€

Monosaccharide fructose, which is part of the developed osmotically active composition, is not
absorbed by insulin-dependent tissues, this process takes a relatively long time, which causes particularly
useful properties of fructose [11-13]. Metabolism is fast and occurs mainly in the liver, but also in the
intestinal walls and kidneys.

Isomaltulose during the digestion process is metabolized in the intestinal mucosa by the enzyme
complex saharase - isomaltase [14]. The main difference between the metabolism of sucrose and isomal-
tulose is that the hydrolysis of isomaltulose is much slower than the hydrolysis of sucrose, which indicates
the possibility of reducing the glycemic and insulin response in healthy people and patients with type II
diabetes (insulin-dependent) in the use of this carbohydrate 11, 13, 15]. Glycemic index (GI) of
isomaltulose - 37 (in comparison, fructose - 19). The glycemic index is used to assess the effects of food
after consumption on blood sugar by comparing the body's response to the product with the body's re-
sponse to pure glucose (glucose GI is 100). [somaltulose, as well as fructose, has a hypoacidogenic effect
in relation to dental plaque, i.e. it is non-cariogenic [11, 14, 16].

Lactulose is now recognized as a classical bifidus factor [17]. This prebiotic is not split in the upper
part of the gastrointestinal tract and passes through the large intestine, where bifidobacteria are used as a
source of energy and carbohydrate.

Taking lactulose does not cause an increase in blood glucose, so it can be used in the diet for
diabetics [11, 17].

It is very important that lactulose, unlike many other prebiotics, is not an alien element for dairy
products, and embodies the therapeutic and preventive value of the nature of dairy products. For lactulose
is not difficult to overcome all the natural protective barriers of the body and as part of any product to
reach the habitat of normoflora. It stimulates quantitative growth of own microflora, therefore, there is no
problem of survival [18].

The most important property of lactulose is its functional stability, that is, its ability to maintain all its
healing properties in the widest range of media and technological regimes. And it opens almost unlimited
possibilities of lactulose use in the food industry in the production of functional foods [17]. The use of
lactulose in the food industry is expanding, including in the production of confectionery, beverages, food
for dietary and diabetic nutrition, dietary SUPPLEMENTS as a low-calorie sweetener with functional
properties. However, the main application of lactulose as a food prebiotic component is the production of
functional dairy products [19-22].

For further use of the obtained results in the development of the technology, the studies of the for-
mation of the Aw index in full-scale models-analogues of yogurt from camel milk with a different mass
fraction of the developed composition.

Dry whole camel milk was used for preparation of fermented milk beverage. The production process
involved the restoration of milk powder, fat normalization, homogenization at (12+2) MPa, pasteurization
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at (85£2)°C for 5-10 minutes, cooling to the fermentation temperature (40+2)°C and the introduction of a
production symbiotic ferment VNIMI STBP (Streptococcus salivarius subsp. termophilius and
Lactobacillus delbruki subsp. Bulgaricus) in an amount of 10% by weight of milk. The end of the
fermentation process was determined by the formation of a clot characteristic consistency, as well as by
the acidity, the value of which should be pH 4.7+0.05. Then the finished product was poured and cooled in
the refrigerator to (4+2)0C, where for 4-6 hours it was further maturation. The experimental data are
presented in table 3.

Table 3 — Formation of a Aw in the models-analogues of the product

Indicator M. D. M. D. M. D. Aw
Variant FR milk, % fat, % syrup, %
1 3,0 0,994
2 5,0 0,991
3 14,4 3.9 7,5 0,987
4 10,0 0,985
5 12,5 0,980
The organoleptic assessment of models-analogs of the product is carried out — table 4.
Table 4 — Organoleptic evaluation of analog models of concentrated product
The name A variant of the formulation
of the indicator 1 2 3 4 5
Weakly sweet, Weakly sweet, Sweet, without Too sweet, Too sweet,
Taste and smell without foreign | without foreign | foreign tastes without foreign | without foreign
tastes and tastes and and smells tastes and tastes and
smells smells smells smells
Consistenc Homogeneous, | Homogeneous, Homogeneous, Homogeneous, | Homogeneous,
y viscous viscous viscous too viscous too viscous
White with a White with a White with a White with a White with a
Color . . . . . . . .
faint cream tint | faint cream tint faint cream tint cream tint strong cream tint
Points according to the
method of VNIMI 8 ? 10 8 7

In parallel, a similar scheme developed a technology of low-lactose beverage, which was characteri-
zed in that the pasteurized and chilled milk was introduced 0,02-0,03% B-galactosidase (activity 5200 u/g)
to its mass, after which the mixture was kept for 2,5-3,0 hours for lactose hydrolysis. Other processes are
similar to the basic technology. As studies have shown, the low-lactose drink was characterized by a
relatively large decrease in Aw, slightly more pronounced sweetness and intensity of the cream shade.

Thus, the osmotically active composition with pronounced probioticeski properties. With its use, the
technology of yogurt from camel milk, including low-lactose, has been developed. It was found that the
optimal level of syrup is about 5-7,5% by weight of the product. The analysis of the produced yogurt and
low-lactose yogurt showed their high organoleptic characteristics. The developed technology suggests the
possibility of its implementation in the dairy industry, producing dairy products.
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! AJIMaThl TEXHOIOTHAIIBIK yHuBepcureTi, AnMatsl, Kazakcran,

*Bykinpeceiinik chipa KaifHATY, AIKOrOIbCI3 KOHE IIAPaIl OHEPKACIOi FRUTBIMU-3epTTey HHCTUTYTHl — DMBFM
¢ummanel B. M. T'opbaroB aTbiHIarbl «A3BIK-TYIIIK OHIMIEPiHIH (elepalabIK FhUIBIMU OpTaibiFby PFA,
Mackey, Pecei,

Kasax yITTHIK arpapiblK yHuBepcuTeti, Anvarsl, Kazakcran

CYTKbBIIIKBLJIABI CYCBIHIAPIAP TEXHOJIOTUACHI YIHIH BUOJIOTUAJIBIK BEJICEH/I
KOMITIO3NHUAHBIH OCMOCTBIK KbI3BMETIH EHI'I3Y KAFUJATTAPBI

AnnHoranus. Ka3ipri yakpITTa HOrypT oJieMIeri €H TaHbIMall CYTKBIIIKBULIBI OHIM 00jbIn caHanaabl. CyTTeri
MaiChI3aHIBIPBUIFAH 3aTTap/IbIH KOFApPbl Kypambl, O0JIrap TasKIIachl MCH TEPMOGMIII CTPENTOKOKK JaKbUIIAPhI,
NaifblH OHIMJIE CAKTAy YaKBITHIHBIH COHBIH/A JeiiH GOIaThIH CYTKBIIKbULIbI OakTepusuiapabi 1 r enimae 107 kem
emec KTB kypaysl eHimai Oipereid TaHbIMan >kacaiasl. KazakCTaHHBIH TeorpadUsIIbIK, QJICyMETTIK-MOJeHH (ak-
TOpJAPBIH, COHAW-aK TYIe CYTiH TYTHIHYIBIH FACBIPIIBIK TAPUXBIH €CKEPE OTHIPHIN, TYHE CYTi HETi3iHAe albIHATHIH
HOTYPTTBIH OHEPKICINTIK TEXHOJIOTHSJIAPHIH FHUIBIME JTOJICIICY JKOHE NAMBITYy MOCENeCi ©3¢KTi OO TaObLTAIbI.
JKyMmpicTa TpeOMOTHKANBIK KacHeTTepi Oap TOTTUICHIIPTINI 3aTTaplblH OCMOCTBIK OCJICEHAI KOMIO3UIUSHBIH
JIaMyBIHBIH HOTIDKEJIepi KenTipiareH. OHbBI KOJJIaHa OTBIPBINT TYHE CYTiHEH HOTYPT TEXHOJOTHSCHI, COHBIH IMIiHIC
TOMEHT1 JIaKTO3aJbl HOTYpT o3ipaeHmi. LIIBIpBIHHBIH OHTAMIBI KOCBUIATHIH MOJIIIepi OHIMHIH calMarbl OOMBIHIIA
mramMaMeH 5% KYpaWTBhIHBI aHBIKTAJABL. OHIIPUITeH HOTYpTKE OHE TOMEHT1 JIAKTO3aJIbl HOTYpTTapFa KYpPri3ijareH
TaJlfaynap OJNapAblH JKOFapbl OPraHOJENTHUKANBIK CHUIATTaMallapblH KepceTTi. JKacanfaH TEXHOJOTHsS OHbI
CYTKBIIIKBUIABI OHIMAEP OHAIPETIH CYT KOCITOPBIHIAPBIH/A ICKE aChIpy MYMKIHJITIH YCHIHAbI.

Tyiiin ce3mep: Tyiie CyTi, CYTKBIIIKBULIBI CYCBIH, AllIBITKBI, IPEOHOTHK, PPYKTO3a, N30MANIBTYJI034, JIAKTYJI03a.
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NPUHIOUIIBI PABPABOTKH OCMOTHYECKH JEATEJABHBIX BUOJTOI'MYECKA AKTUBHBIX
KOMITO3NIUU AJ11 TEXHOJIOT U KUCJIOMOJIOYHBIX HAIIUTKOB

AHHoTanus. B HacTosimiee Bpemsi HOTYpT MO MpaBy CYUTACTCS CaMbIM IOMYJISIPHBIM KHCJIIOMOJIOYHBIM IIPO-
IOyKTOM B Mupe. Bricokoe comep:kaHuMe O0€3)KUPEHHBIX BEIECTB MOJIOKA, KyIbTYpbl — OOJrapcKoi Ialodkd M
TEepMO(GUIFHOTO CTPENTOKOKKA, COAEPKaHUE KOTOPBIX B TOTOBOM IIPOAYKTE HA KOHEIl CPOKa COCTABIISCT HE MCHEe
10" KOE B 1 T npoayKTa, CO3/al0T YHUKaNbHbI y3HABAeMBIH MPOGMIb MPpOAyKTa. YuuThiBas cremupuky Kazax-
CTaHa, B YaCTHOCTH, reorpadryeckre, COMaIbHO-KYJIbTYPHbIE (PAKTOPBI, 8 TAKIKE MHOT'OBEKOBYIO UCTOPHIO MOTPEO-
JIeHUs] BEpOJIIOKBEr0 MOJIOKA, aKTyallU3UpyeTCs MpodiieMa HayqYHOro 00OCHOBAaHUS U pa3pabOTKU MPOMBIIILIEHHBIX
TEXHOJIOTHI1 HoTypTa Ha ero ocHoBe. B paboTe mpencTaBieHbl pe3ysbTaThl pa3pabOTKU MOACIANIMBAIOIIEH OCMO-
THUYECKH JIESATENbHONH KOMIIO3HIMH C BBIPKEHHBIMH IIPEOOMOTHYECKMMH cBoiicTBamu. C ee MpHMEHEHHEM paspa-
0oTaHa TEXHOJIOTHs HOTypTa M3 BEpOJIOKBETO MOJIOKA, B TOM YHCIIE HM3KOJIAKTO3HOTO. Y CTaHOBIIEHO, YTO ONTH-
MaJIbHbIH yPOBEHb BHECEHHUS CHPOIA COCTABIIET HopsAaKa 5% K Macce MpoayKTa. AHAJIN3 IPOU3BEAEHHOTO HorypTra
Y HHU3KOJIAKTO3HOT'O HOTYpTa IOKa3aJl MX BBICOKHE OPraHOJICNITHYECKHE MOKa3zaTeNd. Pa3paboTaHHAs TEXHOJOTHS
IpenroaraeT BO3MOXKHOCTh €€ BHEAPCHHS Ha MPEANPUATHIX MOJIOYHOH OTpaciii, NPOU3BOASIINX KUCIOMOJIOYHYIO
HPOAYKLHIO.

KnroueBble ciioBa: BepOIIOKbE MOJIOKO, KHCIOMOJIOYHBIH HAIUTOK, 3aKBAacKa, NPEOHOTHK, (PYyKTO3a, H30-
MaJbTyJ03a, JaKTyJI03a.
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