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Abstract. Expediency of development of recipes and innovative biotechnologies for combined milk-vegetational prod-
ucts with balanced chemical composition, strengthened probiotic properties and extended shelf life was proven in field of es-
tablishing proper diet for adult healthy people, both in everyday consumption and during treatment of illnesses and rehabilita-
tion after it. Principles of scientific approach to creation of biotechnologies for fermented combined products with balance of
basic food nutrients are described here, as well as innovative biotechnological approaches, which provide the possibility of get-
ting desired products (yoghurt drinks) with high probiotic properties and long shelf life. Main stages of development are de-
scribed for recipes and biotechnologies of bifido-enabled combined yoghurt drinks with balanced chemical composition, rich
on lively bifido- and Lactobacterium cells and long shelf life. A scheme for production of desired products with explanation of
technological process parameters is provided, it was tested in industrial conditions at “Gormolzavod Nel” Ltd. in Odesa,
Ukraine. In samples of milk-rice and milk-spelt yoghurt drinks, which were produced in industrial conditions, we determined
chemical composition and primary quality objectives. Desired products have balanced ratio of proteins : fats : carbohydrates
(1:1:4), high sensory qualities, standard quality values during long shelf life (20 days in sealed tare), contain a high concen-
tration of viable cells of probiotic cultures — such as B. animalis Bb-12 (not less than 3.6-10° CFU/cm’®) and mixed cultures of
L. bulgaricus + S. thermophilus (not less than 4.0-10° CFU/cm®), as well as physiologically significant number of prebiotics —
lactulose and fiber (30 and 10 %, according to the daily consumption norm when consuming 500 cm® of product).

Keywords: yoghurt drinks, combined contents of raw materials, rice flour, spelt flour, balanced chemical composition,
bifidobacteria, lactobacterium, biotechnology, innovation.
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AHotanisi. OOIpyHTOBAaHO JONUTGHICTH PO3POOKH PELENTYp Ta IHHOBALIHHMX OIOTEXHOMNOTi KOMOIHOBAaHHMX MOJIOYHO-
POCIIMHHIX TIPOAYKTIB 31 30a71aHCOBAHAM XIMIYHUM CKJIA[IOM, TTiJBULIICHUMH TIPOOIOTHYHUMH BIIACTHBOCTSIMH Ta MOIOBKEHIM TEPMIHOM
30epiraHHs UTsl OpraHizallii aeKBaTHOrO MOBHOIIHHOTO XapdyBaHHS JIOPOCIHX 3IOPOBUX JIFOAEH Y TOBCSAKICHHOMY XapuyBaHHI Ta y
TIpOLIECi JIIKYBAaHH i peadiTiTallil micisl HU3KU 3aXBOPIOBaHb. HaBeieHo MPHHIIMIN HAYKOBOT'O MiIXOy 0 CTBOpEHH: OioTeXHOMOriH (he-
PMEHTOBAHMX KOMOIHOBAHHX MPOMYKTIB 3i 30/IAHCOBAHMM CITiBBIiJHOLICHHSIM OCHOBHHX Xap4OBHX HYTPIEHTIB Ta BU3HAYCHO IHHOBALIIHHI
GIOTEXHOJOTIYHI IMiIXO/IH, SIKi 3a0e3Me4y 0T OTPUMAaHH LUTbOBUX MPOIYKTIB (HOrypTOBHX HAIOIB) 3 BUCOKUMHU NPOOIOTHYHUMH BJIACTH-
BOCTSIMU Ta TPHBAIMM TepMiHOM 30epiranHs. OnrcaHo OCHOBHI eTary po3poOKH perentyp Ta 6ioTexHOIoril 6i(hinoBMICHUX KOMOIHOBa-
HHX HOT'ypTOBHX HAMOIB 3i 30JJaHCOBAaHMM XiMIYHHM CKJI3/IOM, BUCOKHM BMICTOM YKHTT€3aTHHX KIITUH Oihiio- Ta TaKToOaKTepii i Tpu-
BAIMM TepMiHOM 30epiranHs. HaBeneHo TexHOMOrivuHy cxeMy BUPOOHHMIITBA [UTHOBUX MPOAYKTIB 13 JETaNi3allieto mapaMeTpiB TeXHOJOTi-
YHOT'O TIPOLIECy, anpobariito sKoi 3aiiicHeHo y BupoOHmarx ymoBax TOB «I'opmorn3aBox Nel» (M. Ozeca, Yipaina). B orpumanux y Bu-
POOHHYMX YMOBAX 3pa3kax MOJIOYHO-PUCOBHX Ta MOJIOYHO-CIIENIETOBIX HOI'YPTOBHX HAIOIB BU3HAYCHO XIMIYHMIA CKJIaJl T2 OCHOBHI ITOKa-
3HHKH SIKOCTI. [[TbOBI MPOTYKTH MaroTh 30a/IaHCOBaHE CITiBBITHOIICHHS OLIKIB : yKupiB : Byrs1eBodiB (1 : 1 : 4), BUCOKI CCHCOPHI XapakTe-
PUCTHKH, HOPMOBaHi ITOKa3HUKH SIKOCTI POTSITOM TPHBAJIOTO TepMiHy 30epiranss (20 1i6 J TepPMETHYHIN Tapi), MICTSTH BUCOKY KOHIICHT-
PALLiFO KUTTE3ATHIX KIIITHH MPOOIOTHYHNIX KyJIbTYp B. animalis Bb-12 (e Mere 3,6:10° KYO/em®) ta smimanux kynstyp L. bulgaricus
+ 8. thermophilus (se mene 4,0-10° KYO/em®), a Takoxk (i3iooridHo 3Ha4mMy KinbKicTh IPeGiOTHKIB — JIAKTYIO3H Ta KiiTKoBHHHA (30 Ta
10 % BizOBiAHO Bzt J0GOBOT HOPMHM CIIOKMBAHHSI TIPH BXKHBaHHI 500 CM® IPOYKTY).

Kurouosi ciioBa: lioryproBuii Hamii, KOMOIHOBaHHIA CKJIa]] CHPOBHHHU, PUCOBE OOPOIIHO, OOPOIIHO 3i CHEIbTH, 30aa-
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Introduction. Formulation of the problem work, extend lifespan and improves its [1,2]. Theo-

ry of modeling the food products with pre-set chem-

Rational diet is one of most important factors,  jca] contents and consumer properties is developing
which help to preserve people’s health and ability to
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extensively during last decade, and it postulates that
food products should not just keep body’s energy
balance but also be compatible with evolution-based
specifics of human’s digestion system. This can be
done by using raw materials from human’s current
habitat which are compliant with his physiology, al-
low to properly digest food products, improve levels
of acceptance for food nutrients and make lifespan
longer [3-4]. Combined food products have high
synergy with balanced diet principles, since planned
mixing of recipe ingredients allows to get food
composition with pre-set chemical content. Such ap-
proach is a basis for principle of raw materials com-
plex usage, and its upsides lie in potential of mutual
enrichment of recipe ingredients. Goal is in creation
of such compositions, which will fully correspond to
balanced diet formula. While at this, you can only
level up reliability of food compositions’ contents
only thanks to their polycomponent factor. Regular
consumption of new generation foods with balanced
chemical composition that includes polycomponent
contents, is sure to improve general health state and
lower the risk of illnesses [3,5,6]. These contents are
enriched by physiologically functional food ingredi-
ents, which are able to lower the harmful influence
of negative food variables on human’s health when
used as part of food diet.

Its worthy to notice that food products with
probiotics do have physiologically significant influ-
ence on human’s body [3-5]. Still, none of currently
existing probiotic products for adults contain basic
food nutrients (proteins, fats, carbohydrates) in op-
timal ratio — 1:1:4 [5]. This is why creation of com-
bined dairy products with probiotic properties, bal-
anced chemical composition and long shelf life is
solving the task of healthy diet products creation.
Products, which most physiologically appropriate
for providing adult people of various trades with
proper nutrition. Both during everyday nutrition for
making each meal properly digested (during break-
fast, lunch or supper), for quick snacking, and for
treatment of illnesses and rehabilitation after them.

So, relevant task of our age is to develop in-
novative solutions in biotechnologies of combined
fermented food products with balanced ratio of pro-
teins, fats, carbohydrates, essential amino acids and
fatty acids. They must be based on utilizing raw ma-
terials from dairy, grain, fruits and berries (or vege-
tables and berries), as well as probiotic fermentation
starters of direct introduction, made locally and with
a long shelf life.

Literature analysis

Development of combined food products
technologies for healthy nutrition is a matter of in-
terest for foreign and domestic scientists in recent
years. When developing combined food products on
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dairy basis, milk is often gets mixed with raw ingre-
dients of vegetable origin which are rich on:

— prebiotics, food fibers, biologically active
substances (using different types of flour (including
hydrolyzed), bran, flakes, extracts derived from
grain and fruit raw materials, grown in the region of
intended product consumption [3-13]);

— full-fledged proteins of vegetable origin,
prebiotics, biologically active substances (extracts,
concentrates and isolates of a number of leguminous
crops are added to dairy raw materials) [12,14,15];

— essential polyunsaturated fatty acids (they
enrich milk with sunflower, corn, linseed, camelina,
pumpkin, sunflower high-oleic, raspberry, grape and
other oils or their blends) [4,16,17].

Ukrainian scientific studies on biotechnolo-
gies of combined dairy products are mostly limited
to:

— yogurts with fruit and berry and/or cereal
fillers [18],

— food products for kids, especially curd
snacks with rice flour for childhood nutrition [11],

— curd snacks with wheat bran, rice extrudate,
pumpkin meal and cereal malt [12],

— milk-containing dairy products with milk
fat substitutes [19], which often trigger negative
reaction from local consumer.

Many developed countries of the world also
develop combined products from milk for
kids [9,13]. However, they also have combined dairy
products for adult population. For example: dairy
drinks with probiotics L. rhamnosus IMC 501® and
L. paracasei IMC 502® with added buckwheat flour
and rice bran [7], yogurt drinks with probiotics
L. casei [8], L. rhamnosus, L. Acidophilus [14] and
added corn extract [8] as well as various leg-
umes [14,15]. Dairy drinks with probiotics
L. acidophilus La-5, B. animalis Bb-12 and added
fruit flour and oatmeal [3,16]; yogurt drinks, en-
riched by Omega-3 fatty acids [16]; curd snacks
with wheat bran [6] and so on. These developed
combined products also have their drawbacks,
among which: choice of raw ingredients ratio on ba-
sis of sensory analysis [7-11], lack of a complex ap-
proach to the design of combined products' contents,
which would also take into account all the require-
ments of modern nutritionology [3,7-11,16]. That’s
why developed products do not have balanced con-
tent of primary food nutrients (proteins, fats, carbo-
hydrates) [7-11,14] or defined by a balance only in
some of them [16]. So, there is actual need for scien-
tific studies on creation of biotechnologies for com-
bined food products for adult people, with balanced
composition of all food nutrients, probiotic proper-
ties and long shelf life.

Authors’ suggested scientific approach to
creation of biotechnologies for combined fermented
products with probiotic properties, which according
to their nutritional, biological value and biological
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efficiency correspond to physiological norms ex-
pects the following:

1. Optimization of  target products
composition (or so-called "designing of food
products"), in order to ensure that nutritionology's
recommended ratios of main food nutrients
(proteins:fats:carbohydrates — 1:1:4, polyunsaturated
fatty acids Omega-6 : Omega-3 — (5-10): 1,
indispensable amino acids — in accordance with
composition of "ideal protein", physiologically
functional food ingredients — in amount of 10—
30 % from recommended daily norm), while using
domestic dairy and vegetable raw products;

2. Proving the optimal ratio of milk-adapted
Bifidobacterium and  Lactobacterium  cultures
(L. acidophilus and L. plantarum monocultures,
L. bulgaricus + S. thermophilus and Lactococcus
lactis sp. mixed cultures) as part of the fermentation
compositions for production of target products;

3. Scientific validation of methods related
to biotechnological treatment of combined raw
materials process intensification, by developing
fermentation compositions from bifido- and lactic
bacteria;

4. Evaluation of used natural stabilizers',
pro- and prebiotics stabilizing role, during storage of
fermented combined products with a balanced
chemical composition.

There is a special group of dairy drinks in
form of yoghurts - sour-milk products with boosted
amount of dry substances, produced by souring of
milk with Lactobacillus delbrueckii subsp. bulgari-
cus and Streptococcus salivarius subsp. thermophi-
lus cultures. In Ukraine, some also distinguish bio
yoghurts (yoghurt-based bioproducts, which addi-
tionally contain Lactobacillus acidophilus as a pro-
biotic in an amount of at least 10’ CFU/g at the end
of shelf life) and bifido-yoghurts (yoghurt-based
bifido-products,  which  additionally  contain
Bifidobacterium as probiotic in amounts not less
than 10° CFU/g at the end shelf life) (DSTU
4343:2004). Protein richness, optimal ratio of natural
calcium and phosphorus, live active cells of lactic
acid bacteria and products of their metabolism make
yoghurts extremely beneficial from rational nutrition
point of view [3,20,21]. Thus, yoghurt drinks were
chosen as this work's study subject.

Purpose of study is development of innova-
tive biotechnologies for combined yoghurt drinks
with bifido- components and balance of basic food
nutrients, strengthened probiotic properties and ex-
tended shelf life.

Tasks of study:

— Propose innovative Dbiotechnological
solutions for production of combined bifido-enabled
yoghurt drinks with strengthened probiotic
properties;

— Validate technological process parameters
and develop innovative biotechnology of production

Xap4oBa HayKa i TEXHOJIOTIs 44

for bifido-enabled combined yoghurt drinks with
balance of basic food nutrients, strengthened
probiotic properties and extended shelf life;

— Test developed biotechnology for required
products in industrial conditions, determine
chemical composition and quality measures for
industrially manufactured samples of bifido-enabled
combined yoghurt drinks and estimate economic
effect from realization of this innovative proposal.

Materials and methods of research

Following raw materials and ingredients were
used in research: unskimmed cow milk of highest
quality, corresponding to DSTU 3662-97, received
in raw materials zone of “Gormolzavod Nel” Ltd. in
Odesa, Ukraine; cheese whey, received during pro-
duction of curd by acidic method on “Gormolzavod
Nel” Ltd. in Odesa, Ukraine; rice flour for baby
food, produced by “Cascade” Ltd. (Karlivka,
Ukraine); spelt flour, bought from the “Zemledar”
health foods store (Ivano-Frankivsk, Ukraine); fla-
vor fillers with sugar— “Pumpkin”, “Raspberry”,
“Briar”, supplied by “Agrana Fruit Ukraine” Ltd.
(Vinnytsya, Ukraine); high-oleic refined deodorized
sunflower oil, purchased from “Agro-Ukraine” (Ky-
iv, Ukraine); unrefined pumpkin oil, produced by
“AVA” Ltd. (Odesa plant of kernel and plant oils,
Odesa, Ukraine); refined deodorized csmelina oil,
produced by “AVA” Ltd. (Odesa plant of kernel and
plant oils, Odesa, Ukraine); rice bran oil, produced
by “Dial-export” and purchased from “Diamart”
(Ukraine); lactulose syrup "Lactusan”, purchased
from “Felicata Ukraine” Ltd. (Kyiv, Ukraine); fruc-
tose, purchased at the Trading House “Semargl”
(Kyiv, Ukraine); wheat fiber “Vitacel WF-6007,
purchased from Trading house “Lagis” Ltd. (Zhyto-
myr, Ukraine); pumpkin seeds fiber, bought from
FOP “Ivaschenko V.M.” (Velyka Bagachka,
Ukraine); bacterial concentrates FD DVS Yo-flex
180 and FD DVS Bb-12, supplied by “Chr. Hansen”
(Denmark).

Methodology for development of innovative
biotechnology for bifido-enabled combined yoghurt
drinks with a balanced ratio of basic nutritional nu-
trients, increased probiotic properties and extended
shelf life involved implementation of five consecu-
tive interconnected experimental statistical stages.

First stage of comprehensive scientific re-
search on development of biotechnology for target
products involved proving correctness of choosing
domestic dairy and vegetable raw materials, as well
as physiologically functional food ingredients with
desired properties for creating food with balanced
composition of proteins : fats : carbohydrates —
1:1:4.

Second stage of research for designing and
optimizing recipes of combined yogurt drinks used
reference data on chemical composition of some of
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chosen raw ingredients and results of our own ex-
perimental studies of chosen ingredients' chemical
composition. For instance, composition of yoghurt
clots and caseic thrusting, fatty acid composition of
used vegetable oils and so on. Optimization was per-
formed in Microsoft Excel and Design Expert envi-
ronments, according to current physiological norms
and while keeping in mind the recommendations,
adopted by authors during development of scientific
approach to this work.

Third stage of experimental research was an-
ticipated to validate biotechnological decisions re-
garding production of bifido-enabled milk and cere-
al yoghurt products with increased probiotic proper-
ties and optimization of fermentation composition
contents from monocultures B. animalis Bb-12 and
yoghurt crops for production of bifido-enabled com-
bined yoghurt drinks.

During the fourth stage of this work, a basic
technological scheme for production of target prod-
ucts was developed.

Fifth stage of this complex experimental re-
search was anticipated to provide scientific and
practical validation and optimization of parameters,
related to technological process of production of
bifido-enabled combined yoghurt beverages with a
balanced chemical composition and enhanced probi-
otic properties.

Implementation of above-mentioned work
stages allowed to develop a biotechnology of yo-
ghurt drinks with combined composition of raw ma-
terials, balanced ratio of main food nutrients, in-
creased probiotic properties and long shelf life. De-
veloped biotechnology of target products was tested
in industrial conditions of "Goromolzavod Nel" Ltd.
(Odesa, Ukraine). Chemical composition, sensory
data, physic and chemical, biochemical and micro-
biological parameters were determined for samples
of yoghurt drinks, which were produced in industrial
conditions.

Choosing samples of finished products was
performed in accordance with DSTU ISO 707: 2002.
Organoleptic values of combined yogurt drinks with
fillers were organoleptically determined in accord-
ance with GOST 13264-88, with help from teachers
and students of ONAFT (authors of this article) and
tasting commission of “Gormolzavod Nel” Ltd.
Mass fraction of solids in target products was de-
termined by arbitration in accordance with
GOST 3626-73, mass fraction of fat content — with
Gerber's acid method and by GOST 5867-90, mass
fraction of proteins — by Kjeldahl method and DSTU
ISO 8968-1: 2005, mass fraction of lactose — by io-
dometric method and GOST 3628-88, mass fraction
of sugar — according to GOST 29248-91, mass frac-
tion of lactulose, starch and fiber — by utilizing actu-
al bookmark. Determination of raw materials and
semi-finished products heat treatment effectiveness
was done on basis of presence of peroxidase in fin-
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ished product, according to DSTU 7380: 2013. Ti-
trated acidity of finished yoghurt drinks was deter-
mined using titrimetric method and in accordance
with GOST 3624-92, active acidity — with potenti-
ometric method GOST 26781-85. Biological activi-
ty — using the method, which is based on catalysis of
electron transfer by system product called “restored
nicotinamide adenine dinucleotide — potassium fer-
rocyanide” [23]. Preparation of combined yoghurt
drinks samples and their dilutions for microbiologi-
cal research was done according to DSTU IDF
122C: 2003. Determination of viable cells of
bifidobacteria numbers — by sowing thioglycolic
medium in tall tubes and thermosetting them at
37 °C without oxygen coming in during 48 to 72
hours, all this according to DSTU 7355: 2013. Like-
ly number of lactic acid bacteria viable cells — by
pouring skimmed milk into sterilized tall tubes and
following thermal conditioning for 72 hours, accord-
ing to GOST 10444.11-89. Coliform bacterium
numbers — by sowing Kesler medium in accordance
with DSTU IDF 73a:2003. Salmonella search — by
sowing Ploskiryev medium, according to DSTU IDF
93A: 2003, yeast and mold number — sowing on
Saburo medium by GOST 10444.12-88.

Main stages of development of innovative
biotechnology for bifido-enabled combined
yoghurt drinks with a balanced ratio of basic
nutritional nutrients, increased probiotic
properties and extended shelf life

During first stage of work, we chose yoghurt
clots with a certain mass fraction of fat and cheese
whey, which usually remains in dairy factories dur-
ing mass production of curd [18,22-23], as raw dairy
ingredients for manufacturing of target products. As
for grain ingredients, rice flour for infant food and
spelt flour [18,24], which contain a high number of
complete proteins (5.9 — 6.8 and 16.7— 17.5 % re-
spectively), starch (74.5— 76.5 and 52.5 - 53.0 %
respectively), food fibers (1,2-2,1 and 14.3-14.5%
respectively), a number of vitamins (vitamins B,
B,, Bs, Bg, By, PP, E, biotin), minerals (zinc, sodi-
um, potassium, magnesium, phosphorus) and do not
contain gluten. Two types of refined deodorized oils
were chosen as sources of monounsaturated fatty ac-
ids: high-oleic sunflower oil and rice bran oil as a
source of polyunsaturated fatty acids — unrefined
pumpkin oil and cameline refined deodorized oil
(latter one as a source of PUFAs omega-3) [25]. In
order to enrich combined yoghurt drinks with origi-
nal organoleptic characteristics and increase their
nutritional and physiological value, it is recom-
mended to use fruit or berry fillers with sugar
(“Pumpkin”, “Briar” and “Raspberry”) from “FP”
category as vegetable raw ingredients. Homogene-
ous consistency fillers with fruits or berries share —
from 40 to 60 % [18,24,26]. For role of physiologi-
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cally functional ingredients we chose lactulose as
part of "Lactusan" syrup (mass fraction of lactulose
—40 %), wheat fiber and pumpkin fiber.

During second stage of research using the
Microsoft Excel and Design Expert software pack-
ages, it were designed and optimized four recipes for
milk-rice yoghurt drinks with pumpkin filler, two
recipes for milk-spelt yoghurt drinks with “Raspber-
ry” filler and two recipes for milk-spelt yogurt
drinks with “Briar” filler [1,18,24,25]. When design-
ing and optimizing the composition of combined yo-
ghurt drinks, we were guided by recommendations
adopted during developing scientific approach to the
above-mentioned work. Optimization of product's
fatty acid composition was performed in Design Ex-
pert environment, in accordance with requirements
of modern nutritiology, specifically — formula of
“hypothetically perfect fat”, proposed by Russian
scientists for milk-based products [27]. Milk-rice
yogurt drinks will benefit from rice bran oil,
cameline and pumpkin oils. Milk-spelt ones — from
high-oleic sunflower oil and cameline oil [25,28].

Enrichment of target products by lactulose
was supposed to ensure the adhesion of present
bifidobacteria to the inner surface of the human
colon's epithelium after drink consumption. And to
"support" the vitality of bifidophlora cells during
prolonged storage of products at low temperatures
above zero in acidic environments. Mass fraction of
lactulose in finished yoghurt drinks was set at 0,2 %,
according to recommendations of nutritiology [29-
30]. When consuming 500 cm® of product (such
quantity of yoghurt drinks corresponds to daily need
in milk and sour milk products of a healthy adult),
consumer's body will receive 1.0 g of lactulose,
which is 33 % of the daily consumption rate [1,32].
To eliminate the deficiency of fiber in diet of adult
healthy people, it is recommended to add 0.4 —
0.5 % of wheat fiber to milk-spelt yoghurts (or
pumpkin fiber in milk-rice yoghurts), which will
provide 10 % of daily need in fiber for healthy
adults when consuming 500 cm® of product [1].

While taking aforementioned recommenda-
tions in Microsoft Excel into account, we modelled
basic recipes of yoghurt drinks with proteins : fats :
carbohydrates ratio of 1:1:4 and with using chosen
raw materials.

To verify our biotechnological decisions
about production of bifido-enabled milk-and-cereal
yoghurt products with enhanced probiotic proper-
ties, it was done some analysis literature and of own
experimental studies from past times [3-16,30-32].
During biotechnological treatment of combined raw
materials by fermenting compositions with bifido-
and lacto- bacteria, there happens accumulation of
biomass and metabolic products which leads to for-
mation of single dimensional pattern of fermented
product — gel. Its probiotic properties are also im-
proving [23,29-32]. Probiotic properties of yoghurt
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products are directly dependent on biomass of pro-
biotic cultures [29-30]. An increase in number of vi-
able probiotic cells in yogurt products, as well as in
other fermentable products, is possible in three
ways [30]: first — thanks to using optimal ratios of
cultures of bifidobacteria and lactobacillus in fer-
mentation compositions; second — due to enrichment
of raw materials by bifidogenic factors; third —
thanks to adaptation of bifidobacteria probiotic cul-
tures to milk. Combination of these three paths in
biotechnology of combined yoghurt products will al-
low to increase their probiotic properties and extend
shelf life in several times. It is recommended to use
fructose as bifidogenic factor in biotechnological
processing of milk and cereal mixtures (mass frac-
tion of fructose in normalized milk and cereal mix-
tures should be no less than 0.1 %) [30].

Optimal values of final concentration of bifi-
do- and lactobacillum in fermentation composition
for production of yoghurt drinks were determined on
basis of experimental data, related to amount of
bifido- and lactobacillum in fermented milk-cereal
clots, their acidity and duration of biotechnological
treatment of milk and cereal mixtures in Statistica
10 software (StatSoft, Inc.) while using a reflector
surface [28,33]. During biotechnological treatment
of milk and cereal systems with fermentation crops,
duration of this process is longer than in case of
milk because mass fraction of casein in milk and ce-
real systems is lower than in milk alone, which
complicates the process of gelling. Recommended
optimum ratio of final concentrations of B. animalis
Bb-12 monocultures and yoghurt cultures is 1.0-10°
and 3.0-10° CFU/cm®, respectively. Proposed bio-
technological solutions allowed to receive fermented
yoghurt milk and grain clots with a maximum con-
centration of viable bifido- and lactobacilli cells —
(6.5+ 2.0)10% and (3.7 + 1.3)-10° CFU/cm® respec-
tively, with low level of titrated acidity (75.5 +
12.5°T) and industrially acceptable duration of
milk-rice and milk-spelt mixtures fermentation —
7.0 — 7.5 and 6.0 — 7.0 hours respectively [24,28,34-
36].

During fourth stage of research we proved the
viability of joint fermentation of milk and cereal
mixtures, enriched with vegetable oils and wheat fi-
ber. For milk-spelt mixtures (or pumpkin fiber for
milk and rice mixes) with further mixing of fer-
mented milk-cereal yoghurt basis with pasteurized
whey and berry (or whey and pumpkin) mixture en-
riched with lactulose syrup, as well as homogeniza-
tion, cooling and aseptic sorting of final target prod-
uct [28,35,36].

Fifth stage of complex experimental research
was expected to provide scientific and practical veri-
fication and optimization of technological process
parameters, related to production of bifido-enabled
combined yoghurt drinks with a balanced chemical
composition and enhanced probiotic properties.
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Namely: homogenization, pasteurization and fer-
mentation regimes for enriched milk and cereal mix-
ture; parameters of heat treatment for whey-berry (or
whey-pumpkin) mixture enriched with lactulose syr-
up; homogenization regime for finished product; de-
termining shelf life of milk-rice and milk-spelt yo-
ghurt drinks with a balanced chemical composition
and probiotic properties [24,28,34-36].

It were conducted complex experimental and
statistical studies, which allowed to develop a basic
technological scheme of production for bifido-
enabled combined yoghurt drinks with a balanced
chemical composition, enhanced probiotic properties
and long shelf life (Fig. 1).

In most cases, when treating milk with fer-
menting cultures of bifido- or lacto- bacteria, pro-
cess of formation of single dimensional gel grid oc-
curs. Structured systems which arise contain irre-
versible, immutable and thixotropically reactive
connections [22]. It is important to get clot with
dominance of irreversible and immutable connec-
tions during industrial manufacturing of dairy
drinks. When producing protein products — clot with
a maximum amount of thixotropically reactive con-
nections. Using grain as raw material in technology
of combined yoghurt drinks, which contains natural
stabilizers: starch, food fibers, prebiotics and com-
plex of biologically active compounds, allows to
regulate the process of gel creation during produc-
tion of target products and create food systems with
desired rheological, structural and mechanical prop-
erties, enriched with physiologically functional nu-
tritional ingredients. Moreover, usage of herbal in-
gredients which contain prebiotics (pectin, hemicel-
lulose, fiber) in combined yoghurt drinks, as well as
additional enrichment with fiber and lactulose, con-
tributes not just to enhancement of nutrient and
physiological value of these products, but also ex-
tends their shelf life (up to 20 days in airtight con-
tainer) and helps to maintain high probiotic proper-
ties during storage.

Approbation of research results

Developed biotechnology for bifido-enabled
combined yoghurt drinks with balanced chemical
composition, enhanced probiotic properties and long
shelf life was approbated in industrial conditions on
premises of “Gormolzavod Nel” Ltd. (Odesa,
Ukraine). This dairy facility produced two batches
of milk-rice yogurt drinks with pumpkin filler, one
batch of milk-spelt yoghurt drink with “Raspberry”
filler and one batch of milk-spelt with “Brier” filler.
In samples of target products, which were received
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in industrial conditions, we determined chemical
composition, sensory characteristics, as well as
physical, chemical, biochemical and microbiological
values (Table 1).

Table 1 data shows that developed samples of
combined yoghurt drinks have a different mass frac-
tion of dry substances (milk-rice yoghurt drinks with
“Pumpkin” filler contain almost 1.5 times less dry
substances than milk-spelt, which is due to higher
amount of spelt flour in latter product, in compari-
son with rice flour for infant food. As well as the
lower content of cheese whey. Still, all the devel-
oped drinks have a balanced ratio of proteins : fats :
carbohydrates — 1:1:4, which is a ratio recommended
by nutritionology for nutrition to adult healthy peo-
ple. Products, which are manufactured in industrial
conditions according to developed biotechnology,
show high sensory characteristics, which should al-
low (dependent on competent organization of mar-
keting) to meet the needs of the target category —
namely a consumer up to 40 years of age (predomi-
nantly female), who cares for her health [37].

Developed yoghurt drinks contain a high con-
centration of viable cells of probiotic cultures. Such
as Bifidobacterium animalis Bb-12 (not less than
3.6:10° CFU/cm®) and mixed cultures of Lactobacil-
lus belbrueckii subsp. Bulgaricus + streptococcus
salivarius subsp. thermophilus (not less than
4.0-10° CFU/cm’), as well as physiologically signif-
icant number of prebiotics — lactulose and fiber (30
and 10 %, according to the daily consumption norm
when consuming 500 cm® of product). These results
in high probiotic properties of developed bifido-
enabled combined yoghurt drinks, increases shelf
life up to 20 days in sealed tare, enhances chance for
survival of bifidobacteria throughout the storage pe-
riod (during last day of storage, number of alive
bifidobacteria cells in 1 cm® of drinks Is not less
than 1,9-10° CFU). It is also likely to contribute to
good adhesion of bifidophlora to the inner wall of
the human intestinal epithelium [29,30].

Absence of pathogenic bacteria (including
bacteria of Salmonella genus) in 25 cm® of the prod-
uct, coliforms in 0,1 cm®, and a small amount of
yeast and mold cells in yoghurt drinks (Table 1) in-
dicate the correct choice of thermal and biotechno-
logical treatment of combined raw material. Physic,
chemical and biochemical quality indicators from
samples of bifido-enabled combined yoghurt drinks,
which were produced in industrial conditions, vary
slightly during 20 days of storage (subject to pack-
aging in sealed tare).
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Quality evaluation, approval, primary treat-
ment, milk reservation: t=2-6°C,t<12h

Quality evaluation, approval,

primary treatment, cheese

whey reservation: t=2-6°C,7<3 h

v
Milk normalization in accordance ino: t =40 — 45 °
with mass fraction of fats < Cream Heating: t =40 - 45°C
v ¥
Heating: t =20 — 26 °C Spelt flour Purification
7 (or rice flour for baby food) v
Normalization on basis of mass fraction of dry [ Cooling: t=2-6°C
substance, relocation: T =20 — 30 min l<—|  Fructose 7
7 7] Grain fiber intermediate reservation:
Heating: t = 65 — 70 °C (or pumpkin fiber) (72m0GEs3h
¥ )

Homogenization: t = 65 — 70 °C, Mixing with filler and lac-
P=10,5-11,5MPa «Lactusan» syrup L > tulose syrup, duration 20
T min
Pasteurization: t =90 — 95 °C, =5 — 10 min Sugar filler (berry ]
or pumpkin) v
Cooling d ' f . Pasteurization of
ooling down to fermenting temperature: mixture:
t=38—-40°C Ferment FD DVS t=70 - 74 °C
Yo-flex 180: 30 CUA —15-20s
- Y - | per 1000 kg of mixture = AUs
Fermenting: pH of mixture no less than 6,5 units.:
t =38 —40 °C, Mixing for 15 — 20 min 7
| Ferment FD DVS Bb-12: :
Y 1 g per 1000 kg of mix- Crg?i{[ﬁ%e(.)f
Fermenting of enriched milk and cereal compound: ture t =138 — 40 °C
t=38-40°C,t=6,0-7,5h. Up to pH = 4,6 units

v

Mixing fermented milk and cereal compound: T = 15 — 20 min

Y

Mixing of fermented milk and cereal compound with pasteurized whey and berry
(or whey and pumpkin) one, enriched with lactulose

v

Homogenization of bifido-enabled combined yoghurt drink: t =38 — 40 °C, P =10,5- 11,5 MPa

v

Cooling of product: t =15 -20 °C

!

Temporary reservation of product: 1< 1 h.

¥

Prepacking of product in sealed boxing, packaging, marking

v

Additional cooling of product: t =2 — 6 °C

v

Storage of bifido-enabled combined yoghurt drink: t =2 — 6 °C, t < 20 days (in sealed containers)

Fig. 1. Technological scheme of production for bifido-enabled combined yoghurt drinks with balanced
chemical composition, enhanced probiotic properties and long shelf life
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Table 1 — Chemical composition, sensory characteristics, physical, chemical, biochemical and
microbiological values of bifido-enabled combined yoghurt drinks, which were received in industrial
conditions (n=3, p=>0,95)

Value for bifido-enabled combined yoghurt drinks on basis of
Value name milk and rice “.llth Pump kin .ﬁller, milk and spelt with filler
produced according to basic recipe [18]
3 | 4 «Raspberry» | «Brier»
Pure, sour“mﬂk-hl'(e,,’ sweet, with hgm Pure, sour milk-like, sweet, with a light
Taste and smell flavor and P}lmpkln filler aroma, with flavor taste and aroma of added fillers
barely noticeable pleasant taste of
. (spelt flour and berry)
pumpkin oil
. Homogeneous, viscous, with insignificant inclusions of added fillers — fiber and
Consistency and appearance flour
. . Light crimson, with| Expressed creamy,
Color Light orange, w1t111) small amount of fi- a bit of spelt and | with a bit of spelt
o fiber and fiber
Mass fraction, %:
— dry substances, including: 12.9+0.53 13.45+0.50 18.90+0.52 19.88+0.50
— proteins 2.1540.06 2.25+0.03 3.15+0.05 3.31+0.03
— fats 2.15+0.05 2.254+0.05 3.15+0.05 3.31+0.05
— carbohydrates, incl.: 8.70+0.10 9.05+0.10 12.60+0.10 13.24+0.10
— starch 2.10£0.10 1.70+0.10 2.8840.10 3.14£0.10
— lactose 3.40+0.10 3.354+0.10 3.10+0.10 3.18+0.10
— sucrose 2.80+0.10 3.50+0.10 4.80+0.10 6.00+0.10
— lactulose 0.20+0.01 0.20+0.01 0.20+0.01 0.20+0.01
— fiber 0.40+0.01 0.40+0.01 0.40+0.01 0.40+0.01
Acidity:
— titled, °T 77.0£1.0 79.540.5 85.5+¢1.0 87.0+1.5
— active, pH 3.940.1 4.0£0.1 3.5+0.1 3.440.1
Biological activity, CUA 96+2 80+3 74+5 107+2
Peroxydase Absent
Number of viable cells,
CFU/cm’;
— Bifidobacteria| (3.6...7.0)-10° (5.1...9.1)10° (4.5...6.7)10° (5.3...7.2)10°
— Lactobacillus | (4.0...6.0)-10° (4.0...6.0)-10° (5.0...7.0)-10° (5.0...7.0)-10°
Coliforms in 0,1 cm’ Absent
Presence of pathogenic bacte-
ria, including bacteria Salmo- Absent
nella in 25 cm® of product
Number of yeast and mold in
1 em’ Ofpl‘Od}IIJ.Ct, CFU <10 <10 <10 <10

Conclusions

1. Viability of development of recipes and inno-
vative biotechnologies, related to combined milk and
vegetable products with balanced chemical composition,
enhanced probiotic properties and extended shelf life, for
adequate nutrition of healthy adults, was proven.

2. Principles of scientific approach to creation
of biotechnologies of fermented combined products
with a balanced ratio of the main nutritional nutrients
have been characterized, and innovative biotechnologi-
cal approaches have been defined. They allow obtain-
ing of yoghurt drinks with high probiotic properties
and long shelf-life.

3. Main stages of development of recipes and
biotechnology for bifido-enabled combined yoghurt
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drinks with a balanced chemical composition, high
content of viable cells of bifidobacteria and lactobacil-
li, and long shelf life are described.

4. Technological scheme for production of bifi-
do-enabled combined yoghurt drinks, with detailed pa-
rameters of technological process, is presented.

5. Chemical composition and main quality indi-
cators for samples of bifido-enabled milk-rice and
milk-spelt yoghurt drinks, which were obtained in in-
dustrial conditions of “Gormolzavod Nel” Ltd. (Odesa,
Ukraine), have been determined for developed bio-
technology. It was discovered that developed products
have a balanced ratio of proteins : fats : carbohydrates
(1:1:4), high probiotic properties and sensory char-
acteristics, as well as normalized quality values during
a long shelf life (20 days in sealed tare).
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Kadenpa TeXHOIOrnY MOJIOYHBIX, MACJIORKHUPOBBIX MIPOIYKTOB U MaphIOMEpUH

Opecckast HaMOHAIbHAS aKaJeMUs MTUIIEBBIX TeXHOJOruH, r. Onecca, yi. Kanarnas, 112, 65039

AnHoTanus. O60cHOBaHa 11e1ec000pa3HOCTh Pa3pabOTKU PELENTyp U MHHOBAMOHHBIX OMOTEXHOIOTHIH KOMOWHHPO-
BaHHBIX MOJIOYHO-PACTHTEIBHBIX IPOAYKTOB CO COAIAHCHPOBAHHBIM XUMHYECKHM COCTABOM, HOBBIICHHBIMH IPOOHOTHYE-
CKVMU CBOWCTBAMH ¥ yJUIMHEHHBIM CPOKOM XPAaHEHHs JJI OPTaHU3alUH aIeKBaTHOTO MOJTHOIEHHOTO TUTaHUS B3POCIBIX 3710~
POBBIX JIIO/ICH B MOBCEJHEBHOM IIMTaHUM M B IIpoLECcCe JICUEHHs] M peadminTanuu rocie psja 3adosieBanuii. [IpuBeneHs
NPUHIMIIBI HAYYHOTO MOAX0/A K CO3aHHI0 OHOTEXHONOTHH (pepMEHTHPOBaHHBIX KOMOMHHPOBAHHBIX IIPOLYKTOB cO cOajaH-
CHPOBAHHBIM COOTHOILIEHUEM OCHOBHBIX ITHIIEBBIX HYTPHEHTOB U ONPEJIEIeHbl HHHOBALIMOHHBIE OMOTEXHOIOTHYECKUE MTOXO0-
JIbl, KOTOpPBIE 00ECTIEUNBAIOT TOJydEeHHE HETIEBbIX MPOIYKTOB (HOTYPTOBBIX HAIUTKOB) C BHICOKMMH NPOOHOTHYECKHMH CBOM-
CTBaMHU ¥ JUTUTENBHBIM CPOKOM XpaHeHHUs. OmucaHbl OCHOBHBIC JTalbl pa3padOTKH pelenTyp M OMOTEXHOIOTUH OudHIOCcO-
JeprKalX KOMOMHUPOBAHHBIX HOTYPTOBBIX HAUTKOB CO cOATaHCHPOBAHHBIM XHMMHUYECKAM COCTaBOM, BEICOKHM COZEpP)KaHH-
€M JKN3HECIOCOOHBIX KJIeTOK Ondumo- 1 JakToOakTepuil W JUIMTENBHBIM CPOKOM XpaHeHus. IIpuBeneHa TexXHOJIOrHYecKas
cXeMa MPOU3BOJICTBA LEJICBBIX MPOIYKTOB C JeTAIN3aliel MapaMeTpoB TEXHOJOIHYECKOTro IpoIiecca, anpodanust KOTOpoH
OCYIIIECTBIICHA B MPOU3BOACTBEHHBIX ycnoBusix OO0 «[opmonzaBon Nely (r. Onmecca, Ykpauna. [{eneBbie MpoayKThl HMEIOT
cOaJlaHCUPOBAaHHOE COOTHOLICHHE OEJIKOB : )KUPOB : yriaeBo 0B (1: 1: 4), BEICOKHE CEHCOPHbIE XapaKTEPUCTUKH, HOPMHPOBAH-
HbIE OKa3aTeNu KadecTBa B TEUEHHE JUIMTENIBLHOTO Cpoka xpaHeHus (20 CyTOK B IepMETHYHOH Tape), COAepiKaT BBICOKYIO
KOHICHTPALMIO XKU3HECTIOCOOHBIX KIETOK MPOGHOTHYCCKUX KyIbTyp B. animalis Bb-12 (ue menee 3,6:10° KOE/eM®) u cme-
WaHHEIX KYIsTYp L. bulgaricus + S. thermophilus (#e Menee 4,0-10° KOE/cm®), a Takke GH3HOTOTHYECKH 3HATMMOE KOITHUC-
CTBO NMPEONOTHKOB — TaKTyI03bI U KieTdaTku (30 u 10 % cOOTBETCTBEHHO OT CYTOYHOM HOPMBI MOTpeOIeHHS IpH yroTpedite-
aun 500 oM’ MIPOJYKTa).

KnrodeBble cii0Ba: HOrypTOBBI HAITUTOK, KOMOMHUPOBAHHBIN COCTAB CHIPhS, PHCOBAask MyKa, MyKa M3 HOJIObI, cOanaH-
CHPOBAHHBIA XUMHYECKHI cOCTaB, OM(UI00aKTepHs, TaKTOOAKTEPHs, OMOTEXHOJIOTHs, THHOBAIIUSL.
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