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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 "MatLab».

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

Tz it Regression equations
carbohydrate e d
Inulin ey = BRI A= . OS2 |, g o ¥ —2088 0.24(’“ EE 55) - o.ox(y g 5 20'5) (1)
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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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Figure 3 — Surface response regression equations of carbohydrates
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Figure 4 — Graphical interpretation of the dependence of Aw on the concentration of carbohydrates
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Table 2 — Aw regression Equations for solutions of inulin, lactulose, oligofructose and isomaltulose

The name of

carbohydrate Regression equations

Y =9,960-10" +1,160-107 — (1,140 - 107 +3,100-10* ) - x +
Fructose 75 p , ~ - : ®))
+(2,0357-107 £6,620-10"° )-x* —(9,0024-107" £3,950-107" )- x

4

6 7,,~(2.82246.45107) )

Inulin 3 =(0,994+5,02:10 ) (23,267 £9,73-10 %) (295107 +2.48:10

y=1036+£7,04-10" - (4,64-107 - x+8,44-107) +
Lactulose @)
(143107 - x* £1,22-107) = (1,724 10°° - x* £2,46-1077)

_ y=1,092944,01-102 = (1,14-10% - x £3,46-107)
Oligofructose (8)
+(3,513-107* x?+£7.61-10°)-(3,4-107° - x* £4,776-107")

)= (1,029+9,72-1072)-(8,1879972-107 £828-10 ) — (9,368 - x 3¢ £1,788-10%)
(8,19-107 +x>*% £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 11
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). Isomaltulose, as well as fructose, has a hypoacidogenic effect
in relation to dental plaque, i.¢. 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, diectary 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 fiaitic 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 1 without foreign | without foreign | foreign tastes without foreign | without foreign
aste and sme tastes and tastes and and smells tastes and tastes and
smells smells smells smells
. Homogeneous, | Homogeneous, | Homogeneous, Homogeneous, | Homogeneous,
Consistency : ; ; : :
viscous viscous viscous too viscous too viscous
Ealinn White with a White with a White with a White with a White with a
faint cream tint | faint cream tint | faint cream tint | cream tint strong cream tint
Points according to the
method of VNIMI 8 2 10 8 v

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 propertics. 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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CYTKBIHIKBLJIAbI CYCBIHIAPAAP TEXHOJOI'HACHI YIHNIH BUOJOI'UAJBIK BEJICEHI
KOMIIO3UIMAHBIH OCMOCTBIK KBISMETIH EHI'T3Y KAFUJATTAPBI

Annoramus. Kasipri yaksrrra HOTypT 9IeMICTI €H TAHBIMAJ CYTKBIIIKBLIIABI 6HIM OombIm caHanagsl. Cyrreri
MaHCBI3JAHABIPBIIFAH 3aTTAPABIH SKOFAPBI KYpaMbl, OOIrap TAsIKIIACH MEH TEPMO(HIIAI CTPENTOKOKK JAKbIITAPEL
JaibIH OHIMIE CAKTAY YAKBITBIHBIH COHBIHAA JCHiH OOTATHIH CYTKBIIKBITIB OakTepuamapasH 1 r eximae 107 kem
emec KTb kypayst eHimai Giperci TaHbMal >kacaiapl. KazakCTaHHBIH TeOTPAPIAIBIK, OMCYMETTIK-MOACHH (hak-
TOPJApPBIH, COHTAN-aK TYWE CYTIH TYTBIHYIbIH FACHIPJIBIK TAPHXBIH €CKEPE OTHIPHII, TYHE CYTI HETi3iHAC AIBIHATHIH
HOTYPTTHIH 6HCPKICINTIK TCXHOIOTHAIAPHIH FRIIBIMH JOJICIACY JKOHC JAMBITY MOCCIICCI ©3¢KTi 00BN TaOBLIAIBL.
Kympicta mPeOHOTHKANBIK KACHCTTEpI Oap TOTTUICHOIPTIIN 3aTTApABIH OCMOCTHIK OCICCHII KOMITO3HITHSHBIH
JAMYBIHBIH HOTIOKEICpl KenripinreH. OHBI KOMAAHA OTHIPHINT TYHE CYTIHCH HOTYPT TCXHOJOTHACHI, COHBIH IIMIH/C
TOMCHT1 JIAKTO3aIBI HOTYPT 93ipacHOi. LIIBIpBIHHBIH OHTAIIBI KOCBUIATHIH MOIICP] OHIMHIH CaaMarsl OOHBIHIIA
maMaMeH 5% KypaWThIHBI aHBIKTAXIbI. OHAIPIITEH HOTYPTKE MKOHE TOMEHTI JAKTO3aIbl HOTYPTTapFa *KYpri3iireH
TanAaynap OJapAbIH >KOFAphl OPTaHOJCNTHKANBIK CHIIATTAMANAPBIH KepceTTi. JKacanFaH TEXHOIOTHA OHBI
CYTKBIIIKBUIABI OHIMAEP OHAIPETIH CYT KOCIMOPBHIHAAPBIHIA ICKE ACHIPY MYMKIHIITIH YCHIHAIBL.
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HOPUHIAIBI PASPABOTKH OCMOTHYECKHA JEATEJABHBIX BHOJOTHYECKH AKTHBHBIX
KOMIIO3UIHUU A TEXHOJOTI'MU KHCJIOMOJIOYHBIX HAITUTKOB

Annoramus. B Hacrogmee BpeMsa HOTYPT MO MPABY CUMTACTCS CAMBIM TOMYJDIPHBIM KHCIOMOJIOYHBIM ITPO-
OYKTOM B MHpe. BBICOKOS coaepkaHHE OOC3KHPEHHBIX BEINCCTB MOJOKA, KYIbTYPbl — OONTapcKoil MANOYKH U
TEPMO(HUIBHOTO CTPENTOKOKKA, COACP)KAHHE KOTOPHIX B TOTOBOM IPOAYKTE HAa KOHEI[ CPOKA COCTABILICT HE MCHEE
10" KOE ® 1 T mpoaykTa, CO3IAI0T YHHKATBHBIH y3HABASMBIH TPO(QUIs MPOAYKTa. YUuTHBAA cemupuky Kaszax-
CTaHa, B YACTHOCTH, reorpa()MiecKue, CONHAIBHO-KY IBTY PHBIC (DAKTOPBI, a TAKKE MHOTOBEKOBYFO HCTOPHIO TOTPEO-
JICHAS BEPOIFOKBETO MOJIOKA, AKTYAJIH3HPYCTCA MPOOICMa HAYTHOTO 0OOCHOBAHHA W PA3padOTKH MPOMBIIIICHHBIX
TEXHOJIOTHH HOTypTa HA €ro OCHOBE. B padoTe mpeacTaBICHBI PE3YIBTATHI Pa3pabOTKH MOICTANIHBAROIMICH OCMO-
THYCCKH ICATCIIBHON KOMIIOZHIIMH ¢ BBIPAKCHHBIMH MPCOOHOTHUCCKAME CBOHCTBAMH. C ¢¢ MPHUMCHCHHCM pa3pa-
060TaHA TEXHOIOTHS HOTYPTa M3 BEPOIFOXKBETO MOJIOKA, B TOM HYHCIE HU3KOJAKTO3HOTO. YCTAHOBICHO, UTO OITH-
MAaJIbHBIH YPOBEHb BHECCHHUSI CHPOIIA COCTABILICT HOPAaKa 5% K Macce MpoAyKTa. AHAIM3 MPOU3BEACHHOTO HOTYpTa
W HH3KOIAKTO3ZHOTO HOTYPTa IMOKA3ajl MX BBICOKHME OPTAaHOJCNTHYCCKHE MOKazaTenu. PaspaboraHHas TEXHOJIOTHS
TIPEATOIAracT BO3MOKHOCTD €€ BHEAPCHHS HA MPEAMPHATHIX MOJIOYHOH OTPACIH, TIPOU3BOIIIIX KHCIOMOJIOYHYIO
TIPOIY KIHFO.

KmoueBnie c10Ba: BSpOTFOKBE MOJIOKO, KHCJIOMOJIOYHBIH HATIMTOK, 3aKBacKa, MPCOHMOTHK, (PyKTO3a, H30-
MAaJIbTy 1034, JIAKTYJI034.
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