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DEVELOPMENT OF FUNCTIONAL BEVERAGES
ON THE BASE OF WHEY

Abstract. Nowadays, there are new facts on the connection of intestinal microbiome with diseases of not only
the digestive tract. Because of violations in immune status and in composition of normal microbiome largely due to a
decrease in food quality and safety, the humanity is experiencing an epidemic of opportunistic infections. In these
conditions, the development, based on modern achievements of science and technology, fundamentally new original
processes and technologies, which allow receiving innovative and functional products based on traditional and non-
traditional raw materials that will contribute to the public health is of great importance. A special place in this
respect belongs to curd and cheese whey, which is not inferior to the whole milk in terms of its biological value but
mainly falls into the waste because of its taste qualities. The scientific data and rationale for the use of whey as a
high-grade raw material for the production of beverages, improving the digestive function, immune system and
metabol ic processes in the human body, regulating them through the use of lactic acid microorganisms and natural
plant supplements containing biologically active substances, preventing the emergence of a number of pathological
conditions of the body are given. Specific examples of the production of whey-based beverages with improved
organoleptic properties for a wide range of consumers are shown.

Key words: whey, functional beverages, lactic acid bacteria, phyto-additives, organoleptic properties.

The need to create functional foods is caused by a significant deterioration in the health status of the
population, which is largely due to the decline in food quality and safety [1, 2]. Nowadays, there are new
facts on the connection of intestinal microbiome with diseases of not only of gastrointestinal tract, but also
with obesity, diabetes, malignant tumors, allergic, autoimmune, cardiovascular diseases and other [3-7].
Currently, everyday products are added with a large number of various physiologically unjustified food
additives that lead to "diseases of civilization" and to a violation in the composition of the normal
microflora of the gastrointestinal tract. In addition, contamination of raw materials and foodstuffs by
extraneous microorganisms and their metabolic products, which have a toxic effect on the human body,
takes place at all stages of production. In these conditions, the development, based on modern
achievements of science and technology, fundamentally new original processes and technologies, which
allow receiving innovative and functional products based on traditional and non-traditional raw materials
that will contribute to the public health is of special importance.

Because of violations in the composition of normal microbiome and the decrease of immune status,
the humanity is experiencing an epidemic of opportunistic infections, one of the leading places among
which belongs to mycoses. The most frequent mycotic infection in all age groups is candidiasis of the
mucous membranes of the digestive organs. Yeast of the genus Candida is widely spread in nature and
their constant contact with a person explains the significant prevalence of transient candidiasis in human
population.

Candida albicans is a commensal fungus of the oral, gastrointestinal and genital tracts in up to 80%
of healthy individuals [8, 9]. Under specific host and environmental conditions, C. albicans can transit
from its commensal state to a parasitic state causing mucosal (oral and vaginal) candidiasis and life-
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threatening systemic disease. Yeasts of the genus Candida are easily included in microbial associations,
contributing to exacerbation of chronic diseases [10]. They complicate surgical interventions, are the
cause of systemic intractable mycoses, mimic oncological and tuberculosis diseases [11]. Cure of
candidiasis requires diligence and time, as the fungus can take various forms, encapsulate, develop
immunity to drugs and revive after treatment [12-14]. All the foregoing calls for the urgent need for
scientific development of ways to prevent and eliminate the imbalance of microbiota, using specially
selected functional foods [15-17]. Currently, one of the priority areas in healthy nutrition in international
practice is the creation of functional wellness products. Worldwide, there is a growing demand for natural
non-toxic compounds with a wide spectrum of action against pathogenic and opportunistic micro-
organisms, the use of which does not cause side effects. So, the actual task in this regard is the search for
natural antibacterial and antimycotic agents.

Treatment of dysbiosis is largely based on the probiotic lactic acid bacteria and their metabolites. The
consumer market of functional products is formed by 50-65% by lactic acid products suppressing
putrefactive bacteria, preventing dysbiosis and intoxication of the body. Bacterial starter cultures used in
such products are in fact unique probiotics adapted to the human digestive tract. At present, new
functional properties of lactic acid bacteria, in addition to antimicrobial and antifungal ones, continue to
appear: the ability to accumulate antioxidants, peptides, fibrinolytic activity, synthesis of polyglutamic
acid, degradation of harmful components etc., which are the essential criteria for choosing starter cultures
in increasing the biological value of dairy products and their directed physiological and biochemical
properties [18-32].

A special place in the production of functional foods belongs to curd and cheese whey, a secondary
product of the dairy industry. The whey mainly falls into the waste despite the fact that it contains up to
50% of milk solids, up to 250 different valuable compounds, about 20% of milk proteins, other nitro-
genous, micro- and macro compounds, milk fat, mineral salts, lactose, vitamins, enzymes, and organic
acids [33-39]. Whey proteins include more essential amino acids than caseins, which possess a biological
value superior to that of chicken eggs that are a benchmark in nutritional evaluation of foods. The
composition of milk whey indicates that it is a full-fledged kind of raw material, which is not inferior to
the whole milk in terms of its biological value. The energy value of whey is 3.5 times lower than that of
whole milk, which makes it expedient to use whey in the production of dietary food. Processing of
secondary dairy raw materials, providing a closed production cycle, would significantly improve the
efficiency and profitability of the food industry.

Methods for the production of various useful products, such as milk fat (whey cream), whey protein
complex, lactose, have been developed on the basis of whey. The opportunity of extraction vitamins,
peptides, amino acids, bacteriocins, bacterial pool, and water from the whey seems promising. Cued and
cheese whey is the ideal medium for probiotic microorganisms, and on this paradigm, it is possible to
reconsider the whole concept of obtaining dairy products. It is also the starting material for the synthesis
of prebiotics, for example lactulose. On the basis of whey it is possible to implement the principles of
biotechnology of synbiotics [39]. In this regard, in last few years, there has been an increase of interest in
whey [41, 42]. The possibility of effective use of whey products in the treatment and prevention of
diabetes, bowel diseases, hypertension, infections of integumentary and bone tissues, immunodeficiency,
complications after surgical interventions has been clinically proven [43].

Unfortunately, the whey is not popular as a drink because of its taste, despite its useful properties. To
increase consumer demand, the development of opportunities to regulate its organoleptic indicators is
being carried out.

A popular way to increase the organoleptic parameters of whey is the addition of milk or cream,
kefir, yogurt, and fruit juice, which greatly enriches the product. Fruits, berries and vegetable additives are
used as phytocomponents [44-49]. The most popular functional foods on the market are beverages
containing various fruit mixes, which give the drink a fruit ease and freshness. A special place is occupied
among them by combined milk and vegetable products with increased nutritious and biological value.
Drinks with milk and vegetable extracts can be classified as neuroceutical functional group, as they are
characterized by high content of antioxidants, amino acids, vitamins, mineral compounds, polyphenols,
have anti-stress and hypoglycemic effect, increase resistance and working capacity. The beneficial effect
of lactic acid products is associated with their suppressive action against a number of microorganisms
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including pathogens. This effect is due to the ability of lactic acid bacteria to produce lactic acid and other
substances (hydrogen peroxide, acetic acid, benzoic acid, bacteriocins, etc.) that stop the development of
pathogenic bacteria in the intestines, which usually leads to inhibition of putrefactive processes and the
cessation of the formation of toxic decomposition products. Lactic acid not only gives certain taste
qualities to the beverage, but also determines its dietary and preventive properties. The result of its action
is activation of the release of digestive enzymes into intestinal tract and stimulation of their action. Lactic
acid also increases the absorption of phosphorus and calcium in the body.

A number of technological solutions have been developed for the production of whey based
beverages to improve digestive functions, immune system, metabolic processes in the human body, exert
a bifidogenic effect, and prevent the emergence of a number of pathological conditions of the body —
stress, atherosclerosis, myocardial infarction, malignant neoplasms, etc. [50-77]. A synergistic effect of
herbs and extracts combinations was established [78].

The technology of new functional combined whey and vegetable nano-drinks for healthy nutrition
based on whey with vitaminized additives in the form of nanostructured purees and phyto-additives in the
form of phytoextracts has been scientifically proven and developed. To give the original taste and aroma
to nano-drinks, they are added with additives in the form of phytoextracts from non-traditional spicy
aromatic and medicinal raw materials (marjoram, basil, melilot, oregano, coriander seeds, lemon peel) and
phytoextracts from natural spices, which, possessing antimicrobial activity, contribute to the products
shelf life prolongation. It has been shown that the new nano-drinks exceed the known analogues in
chemical composition and content of bioactive compounds (L-ascorbic acid, phenolic compounds,
flavonol glycosides, tannins, catechins, etc.) and can be used as products with potential immunomodu-
lating action [79]. In order to improve the organoleptic parameters, as well as adjust the micronutrient
composition, and increase the nutritional and biological value of the final product based on a combination
of whey with vegetable purees from table beet, carrots and pumpkin, fermentation of the drink with pro-
biotic cultures was carried out. A common for all variants was a significant increase in the fermentation
rate in comparison with the control, as well as intensification of the process with increasing mass fraction
of puree. At the end of the fermentation time, the titrated acidity in whey samples with Jerusalem
artichoke was 113-130°T, with carrots 108-121°T, with beets 104-119°T. The received data testify that
the introduction of puree vegetable additives allows not only improving the organoleptic parameters of
fermented whey-based beverages and balancing their micronutrient composition, but also intensifying the
fermentation process due to the prebiotic effect. The greatest bifidogenic potential for Bifidobac-
terium longum had Jerusalem artichoke. Carrots and table beets had slightly less effect. The degustation
evaluation of fermented samples showed that the ratio of puree and whey 25-30 : 75-80% was optimal
from the point of view of taste qualities.

Based on the data obtained, the technology and recipe of whey beverages with pulp from individual
vegetables and their mixtures, designed for functional nutrition, have been developed. The beverage had a
pleasant sweet and sour taste, a homogeneous consistency characteristic for drinks with pulp, contained
viable cells of bifidobacteria in an amount of >10° CFU/g, which allows them to be positioned as
functional. The use of such drinks contributes to the multifaceted positive effects that pre- and probiotics
exert on the activity of the gastrointestinal tract and the state of the whole organism [80].

To expand the assortment of food products with functional properties on the basis of whey, recipes
for desserts were developed, which were optimized with the help of mathematical modelling [81]. At the
same time, the optimal ratio of whey base and fruit and vegetable fillers was determined, which provided
favourable taste qualities of the desserts. The results of experimental studies give the reason for recom-
mending the introduction of developed desserts into industrial production as functional food products.

A group of gelled products with the addition of fruits and/or berries, as well as citric acid, corn
starch, sugar, fragrances and colorants are also produced on the basis of whey [82-84].The introduction of
these additives, as well as the use of clarification of whey in the production process are disadvantages that
negatively affect the functional qualities of the processed products, lead to a decrease in the biological
value of the jelly and to increase in production costs. Despite the great choice and attractiveness of mo-
dern colorants, flavors, fillers and products with their use, their application is physiologically unjustified,
especially in children's nutrition, so competent consumers prefer environmentally friendly products based
on natural components.
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Structured whey-based products are very popular. It should be noted that, because of their high
popularity, their assortment is intensively growing, mainly with the use of jelly-forming agents. For
example, pectic substances, changing the consistency, give the product the desired properties. The
prospects of using pectic substances for the production of functional foods based on whey are proved [85].

It is known that the addition of mono- (xylitol, sorbitol), poly- (pectins, dextrin, inulin) and oligo-
saccharides (monosaccharides linked together by glycosidic bonds), antioxidant vitamins (A, C, E),
microelements (selenium), plant extracts containing bioflavonoids, polyunsaturated fatty acids and other
biologically active substances to useful microorganisms and their metabolic products positively affect the
functions of the digestive tract. The presence of dietary fibres that are not digested in the gastrointestinal
tract but effectively improve digestive functions and stimulate the beneficial intestinal microflora is of
particular importance. This allows us to consider that the combination of lactic fermentation products and
plant additives is one of the most promising ways of creating functional food products with the desired
properties.

However, the list of developments with the use of bioactive cultures of microorganisms, as well as
products aimed at normalizing the intestinal microflora with preventive action against fungal micro-
organisms, is limited.

At present, a special role in functional nutrition is given to products that contribute to optimizing the
microecological status of the human body, since eubiosis is the key to immunobiological stability and
potentially to the health in general [86]. Synbiotic products meet these criteria to the greatest extent,
because they promote the colonization of the digestive tract by probiotic microorganisms and increase the
biological activity of its own positive microflora due to the presence of prebiotic ingredients in the
product. The starting cultures immobilized on the sorbent, which are plant fibers, have an additional
degree of protection, including resistance to bile [87], due to which they are better reactivated upon
ingestion in the digestive tract. The process of reactivation will also be accelerated due to quorum sensing
of closely located cells on the sorbent [88]. In addition, the biodegradable sorbent will also serve as a
source of nutrition not only for introduced bacteria, but also for resident microflora representatives.

Particularly relevant is the use of propionic acid bacteria producing Bi,vitamin, increasing the
immune status of the human body, its anti-stress and antimutagenic properties, and preserving dairy
products [89-91], as well as of yeast microorganisms, the cell walls of which actively absorb toxins and
toxic metabolites, have a high lacto- and bifidogenic effect, acting not only as nutraceuticals, but also as
parapharmaceuticals [92, 93], in the compositions of starter cultures.

A review of the existing scientific literature on the importance of curd and cheese whey as a secon-
dary raw material for the production of food products with high levels of nutritional and biological value
testifies to the inadmissibility of neglecting it and to an urgent need for its targeted use.

The work is carried out within the framework of the AP05132352 project financing under the budget
program "Development of science", subprogram "Grant financing of scientific research" of the Ministry
of Education and Science of the Republic of Kazakhstan.
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M. I'. Cay6enoBa, E. A. OneiinukoBa
MuxpoOHOIOT S KOHE BUPYCOJIOTHS FRUIBIMHA-OHIIPICTIK OpTaibFbl, AnMaTsl, KazakcTan
CYT CAPBICYBIHBIH HETT3IH/JIE ®YHKIIMOHAJIJBIK CYCBIHJIAP JAUBIHJIAY

Annoranus. Kasipri ke3ze imiek OMOIICHO3BIHBIH TEK KaHa acKa3aH-ilIeK TPaKThl aypyjiapbiMEH FaHa eMec
OaiinaHbIChl XKalbIH/AA MATIMET OEpeTiH jkaHa JaenaeMelep naina 6onyna. UMMyHIBIK xKyiie MEH KaJbIIThl MHK-
podiiopa KypaMbIHBIH OY3bUTyJIapbIHA OaiJIaHBICTHI, aUTAPJIBIKTAN JOPEKEAC a3bIK-TYJIK OHIMICPiHIH Carnachl MEH
KayiIci3airi TeMeHzeyiHe OaiaHbICThI aJam3aT ONIOPTYHUCTTIK MH(EKIHsuIap iHaeTiH OackiHaH Kemripyne. byn
JKaF/laiylapaia epeKiie MaHbI3Fa KOFaM JEHCAyJIBIFBIHBIH KYHIH jKakcapTyFa MYMKIHAIK OepeTiH (pyHKIMOHAIIBIK
MiHJIETKE W€ MHHOBAUMSUIBIK a3bIK-TYJIIKTEp, ASCTYPI KOHE JIOCTYpJIi eMec INUKi3aTTap Heri3iHne aixyra OoiaThlH
FBUIBIM MEH TEXHHWKAHBIH 3aMaHayH JKeTICTIKTepiHiH 0a3achlHa, MAKCATThl TYpAE KaHA TYHMHYCKAIBIK IPOLECCTEp
MeH TexHonormsiap ue. OcbiFad OaiIaHBICTBI MAHBI3IIBI OPBIHFA, ©31HIH OHOIIOTHSUIBIK KYHIBUIBIFEI )KaFbIHAH Ta0u-
FH CYTTEH KaJbICHAUTBIH, OipaK JOMIIK calachl HOTHXKECIHIE KAIABIKTapFa jKaTKbI3bLUIATBIH CYT CapbICYhl Ue. AaM
OpraHu3MiH/ETI UMMYH/BIK JKYiie MEH 3aT alIMacy MpOLECTePiH, ACKOPHITY KbI3BIMETTEPIH KaKCapTAThIH, CYTKbIII-
KBULIbI MUKPOOPTaHU3MIEP MEH TaOuFH ©CIMJIIK TEKTI Kocmanap/pl Naianany apKblUibl peTTey, OpraHu3MHIH Oip-
Hellle MaTOJOTHMAIBIK KYHiHIH maiina OONyBIHBIH ajiblH alyllbl, CYCHIHAAp OHAIPICiHE apHaJIFaH TOJIBIK KaHIIbI
IIMKI3aT PETiH/E CYT CapbICybIH NalaiaHy >KOHIH/Er FhUIBIMH MAJIIMETTEp MEH Jalenaeyiep kearipiaeni. TyTol-
HYIIBUIAP/ABIH KeH asiChl YILITH TapTHIM/IBUIBIFBIH JKOFapbUIATyFa MYMKIHIIK O€peTiH aKcapThUIFaH OPraHoJIeITHKA-
JIBIK KOPCETKIIITEPIHE He, CYT CapbICybIHBIH HETi31H/IeTi CyChIHAAp OHIIPICiHIH HAKTHUIBI MBICATIIAPHI KENTIpLIreH.

Tyiiin ce3aep: cyT capbicybl, QYHKIMOHAIIB! CyChIHAAP, CYTKBIIIKBUIAB OakTepusuiap, Gpurokocnanap, opra-
HOJIENTHKAIBIK KOPCETKILITED.

M. TI. CaybenoBa, E. A. OneiinukoBa
Hay4Ho-npon3BOICTBEHHBIN LIGHTP MUKPOOHOJIOTUH U BUpycolorun, AnmMartel, Kazaxcran
PA3PABOTKA ®YHKIIMOHAJIBHBIX HATIUTKOB HA OCHOBE MOJIOYHOM CHIBOPOTKH

AnHoTanusi. B Hacrosmiee Bpemst MOSBIIAIOTCS. Bce HOBBIE (haKThbl, CBUIETEILCTBYIONIME O CBSI3M KUIIEYHOTO
OuoreHo3a ¢ 3a00J1eBaHUSAMH HE TOJIBKO XKEeTyA0YHO-KHIIEYHOro TpakTa. 113-3a HapylieHnid MMMYHHOI CHCTEMBI U
COCTaBa HOPMAJIBHOH MHKPOQIIOPHI, B 3HAYUTEIHHOM CTEIICHM W3-3a CHIDKEHHS KadecTBa M OE30IacCHOCTH IIPO-
JyKTOB IIUTaHMs, YEJIOBEYECTBO MEPEKMUBACT SIHJIEMHIO ONIOPTYHHUCTHYECKUX HH(EKIHA. B 3THX ycnoBusx ocodoe
3HaYEHHE MPUOOPETAIOT pa3paboTKH Ha 06a3e COBPEMEHHBIX JTOCTIDKCHNI HAyKW M TEXHUKH MPUHIMITHAIBHO HOBBIX
OPHUTHHAIBHBIX MPOLIECCOB U TEXHOJIOTHH, TO3BOJISAIOIINX MOTy4aTh HA OCHOBE TPAJUIMOHHOTO U HETPAAUIIHOHHOTO
CBIPbS, MHHOBALMOHHBIE IMPOAYKTHl (DYHKIIMOHAJIBHOTO HAa3HAYCHHUS, CIIOCOOCTBYIOLIME YIIYULIEHHIO COCTOSHHUS
3710poBbs1 HaceseHusi. Ocoboe MECTO B 3TOM IUIAHE 3aHUMAET MOJIOYHAsI CBIBOPOTKA, KOTOpPasi HE YCTYNAeT LieJb-
HOMY MOJIOKY TI0 CBOEH OMOJIOrM4ecKol IIEHHOCTH, HO NMPEHMYIECTBEHHO MOMAJaeT B OTXObI BCIEICTBUE CBOUX
BKYCOBBIX KauecTB. [IpuBojsiTCS HayuyHble JaHHbIE ¥ ODOCHOBaHHE HCIIOJIb30BAaHHMS MOJIOYHOW CBHIBOPOTKH Kak
MOJTHOLIEHHOTO CHIPbsI JUISl IPOU3BO/ICTBA HAIIUTKOB, YIYUIIAONIMX (QYHKINH IMHUIIEBAPEHHS, UMMYHHON CHCTEMbI U
0OMEHHBIX MPOILIECCOB B OPraHU3ME YEJIOBEKa, PETYIMPOBAHUS UX ITyTeM HMCIOJIB30BAHUS MOJIOYHOKUCIIBIX MUKPO-
OpPraHU3MOB M HaTypaJbHBIX PAaCTUTENbHBIX T00aBOK, colep)KallnX OHMOIOTMYECKH aKTUBHBIE BEIECTBA, IPEOT-
BPAIIAIOIINX BO3HUKHOBEHHUE pPsiia MATOJOTMYECKUX COCTOSHMH opraHm3Mma. [loka3aHbl KOHKPETHBIC NPHMEpHI
MIPOM3BO/ICTBA HA OCHOBE MOJIOYHOW CHIBOPOTKH HAIHMTKOB C YJIyUYIICHHBIMH OPTaHOJECHTUYECKUMH TTOKa3aTelsIMH,
CHOCOOCTBYIOIIMMHY HOBBIIIEHHUIO PUBJICKATEIBHOCTH AJIS IIMPOKOTO KpyTra HOTpeOuTeeH.

KiroueBble €j10Ba: MOJIOYHAS CHIBOPOTKA, (BYHKIMOHAIbHBIC HAIIMTKH, MOJOYHOKHCIBIE OaKTepuH, HUTONO-
6aBKH, OPraHOIENTUIECKHE TTOKA3ATEIH.
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