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FUNCTIONAL WHEY-BASED DRINKS WITH
GRAPE POMACE EXTRACT AND FRUIT JUICE
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Industrial waste leads to pollution and deterioration of the environment, as well as harming the living popula-
tion and animals. Whey, being a by-product of milk processing, is a source of protein and nitrogenous compounds,
carbohydrates, lipids, mineral supplements, vitamins, organic acids, enzymes and macro- and microelements. Amino
acid content of whey is represented by amino acids of protein substances and free amino acids. The next valuable
secondary raw material is grape pomace, which is practically not processed and becomes a factor of anthropogenic
load, polluting the environment. Grape pomace has a rich chemical composition, especially a large number of phe-
nolic compounds, which have antioxidant properties. Currently, there is a significant increase in the production and
consumption of soft drinks with various additives, the composition of which is replete with unnecessary colors and
flavors. The aim of the work is to use milk whey for the development of technology of drinks of functional purpose,
which will directly increase the efficiency of its processing, as a secondary raw material in industrial production, as
well as serve the purpose of improving the environmental situation in places where milk processing plants are locat-
ed. In particular, the creation of functional drinks on the basis of milk whey with the addition of grape pomace, fruit
juices and pectin, will enrich the milk drink with a complex of biologically active substances, trace elements, antioxi-
dants, vitamins. Using organoleptic and physico-chemical parameters, two technologies of functional drinks based
on milk whey with 25% Husein Black grape pomace extract, in the first 25% cherry and in the second 25% peach
juices were developed. The first formulation demonstrated noteworthy macro- and microelement content, including
calcium (12.10%), sodium (5.04%), magnesium (1.60%), phosphorus (7.31%), and potassium (24.61%). Similarly,
the second formulation exhibited significant macro- and microelement composition, including calcium (9.50%), so-
dium (4.28%), magnesium (1.33%), phosphorus (6.37%), and potassium (21.91%). All microbiological indicators
meet the requirements of GOST and indicate the absence of pathogenic microflora, which is one of the indicators of
guaranteed sanitary well-being of the proposed products. The developed drinks have pleasant organoleptic indica-
tors, high biological value and low cost price.

Keywords: Functional food products, secondary raw materials, polyphenols, antioxidants, mac-
ro- and microelements.
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Onepkacinmik KaaoblKmap Kopuiazaw OPMAHbBIH JNACHAHYbIHA JHCIHE HAWAPAAyblHA JKeledi, COHbIMEH
Kamap mypelnoap men xycawyapaapza 3uan keamipedi. Cym capboicyvl, cymmi oH0eyOin dcanama OHiMi, aKyvl3
JHcane azommol KOCbLAbICIMAPObIH, KOMIpCYa1apovly, AunuOmepoin, Munepandvl KOocnaiapoviH, GUMAMUHOEPOIN,
OP2aAHUKABIK, KblUWKbLIOAPOblY, (hepmenmmepoiny JHcane MaxKpo - dHcaIHe MUKPOIIeMeHmmepoiy Ko3i 00.1vin
maodvinadsl. Capvicyoblyy AMUHKbIUIKBLIOADLIHBIY KYPambl aKybi30bl 3ammapobly AMUHKbLIUKLLIOAPb. MeH 00C
AMUHKBLUKBLI0apbliHan mypaovl. Keneci KyHOwl Kailmanama wukizam-jcy3im Cul2blHOBLIAPLL, 01ap ic Hcy3iHoe
OHOeIMel0l JHCIHe KOPULazan Opmansl JACMAiimblH AHMPONnozendik gaxmopza ainanyoa. Ky3im covizotnosinapol
Oai xumuanvlK Kypamea ue, acipece AaHMUOKCUOAGHmMmMblL acepi 6ap henonovl Kocovlivicmapowvly Kon monuiepi oap.
byzinzi manoa Kypamvl Kayxcemciz mycmep MeH Xouwi uicmepze moJibl IpmMypai Kocnanapvl 6ap anKozoabci3
CYCbIHOAPObl OHOIPY MEH MYMUbIHYObIH AUMAapAblKmail ocyin aman omyze 0601advl. Kymvicmosly makcamol cym
CapuvlCybli PYHKYUOHAI0b! MAKCAMMA2bL CYCHIHOAP MEXHON02UACHIH 23ipaey Yuin naioanany 60asin madwvliadsl,
Oy onwvl OHEpKacinmiK OHOipicmepoe Kanimanama wukizam peminoe onoeyoiry muimoinizin mikenei apmmuipaowl,
COHOAU-aK, cym oOHOey 3ayblmmapulHll, OPHANACKAH Jcepaepindeci IKOJ02UANBIK HCA0alidbl  JHcaKcapmy
Maxkcamuina Kpizmem emeodi. Aman aiumxanoa, Hey3im cobieblIHObICHl, HCEMIC WBIPLIHOAPLL MEH NEKMUH KOCbLI2AH
cym capeicybl HecizinOe (QYHKUUOHANObL cycblHOap d3ipaey OHIMOI OuonouanvlK 0eacendi 3ammap,
MUKpOINEMEHmmep, aHmuoKcuoanmmap, O0Ipymenoep KeuieHimeHn Oaiivimadvi. Op2anoi1enmuKanvlK HcoHe
duzuka-xumuanvik kopcemkiuimepoi nainidanana omuipvin, 25% xapa Xyceiin jcy3im col2blHObICHIHA KOCLIMULA
25% wue yncone 25% wiaboanvl wblpolHbl KOCHLUIZAH CYML CAPLICYbl HE2i3iHOe (PYHKUUOHANOBIK CYCHIHOAPOLIH, €Ki
mexHonozusAcyl 23ipnendi. Anvinean ynzinepoe Keneci MAHbI30bl MAKPO JHcaHe MukpoiInemenmmep oOap. bipinwi
yazioe kanvyui -12,10%,nampuii-5,04%,maznui -1,60%,pocgpop-7,31%,xanuit -24,61%, an exinwicinoe -kanvyui-
9,50%, wnampuii -4,28%, macnun -1,33%, pocghop-6,37%, kanun -21,91% ocone o6ackanap. bapavik
Mmukpoouonozuanvlk kopcemkimumep MECT mananmapvina caiikec Keneoi dycoHe NAMO2EHOIK MUKPODIOpanviy
HCOKMBIZbIH  KOpcemeodi, Oyn  YCbIHBLIAmMbIH  OHIMHIH  Keniidenoipincen CanumapavlK  1-ayKamvlHblH
Kopcemkiwmmepiniy 0ipi Oonvin  maodvinadvl. O3IpaeHzeH  CYyCbIHOApOblY,  IHCAZLIMObL 0pP2ano1enmuKaIblK
KopcemKiwimepze ue, OUONOUANBIK KYHOBLIbIZbL JHCO2APBL JHCIHE Oe  OHIMHIN O03iHOIK KYHbl MOMeH 001bln
maowinaosl.

Herisri cezgep: @yHKIHMOHANABI TaMaKTaHy eHiMJepi, KaiiTanama mmukiszat, nonaudeHoanap,
AHTHOKCHIAHTTAP, MAKPO-KIHE MHUKPO3JIeMeHTTep.
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SUMAMUHO8, OP2AHUYECKUX KUCTIOM, (hepMEHn 06, MAKPO- U MUKDPOINEMEHMO08. AMUHOKUCTOMHBLI COCMAE MO10Y-
HOIl CbIGOPOMKU NPEOCMAsieH AMUHOKUCTIOMAMU OeNKOGbIX eeujecme u ce0000HbIMU amuHokuciomamu. Ewe
OOHUM UEHHBIM GMOPUYHBIM CHIPLEM AGNAIOMCA GUHOZPAOHbBIE BBINCUMKU, KONOPbIEe NPAKMUYECKU He nepepada-
MbIGAIOMCA U CHIAHOBAMCA (PAKMOPOM AHMPONO2EHHOU HAZPY3KU, 3AZPAIHAIOUWUM OKpYHcarouwyo cpedy. Buno-
2PAOHbIE GBINCUMKU UMEIOm 002amblil XUMUUECKUI COCINAG, 8 UX COCHIA6e OCODEHHO 00buUioe Kouuecmeo ¢he-
HOJILHBIX COeOUHEeHUll, 001a0aruwux AHMUOKCUOGHMHbIMU ceolicmeamu. B nacmoawee epema moxucno omme-
mMumo 3HAYUMENbHBLIL POCH RPOU3EOOCEA U NOMPEDIEHUA He3AIK0201bHBIX HANUMKOE C PA3TUYHLIMU 000a8Ka-
MU, COCIAE KOMOPBIX U300UTIYem HEHYHCHBIMU Kpacumenamu u apomamuzamopamu. Ilenvto pabomot aensemca
UCNOIb306AHUE MOJIOUHOIL CHIGOPOMKU ONA PA3PAOOMKU MEXHOI02UN HARUMKOE (YHKUUOHAIbHO20 HA3HAUEHUS,
YmMo HenocpeocmeeHHo nogvicum IPdhekmugHocms ee nepepadomku, 6 Kauecmee MOPUUHO20 CbIPbA RPU NPO-
MbLULTIEHHOM RPOU3600CHIGE, A MAKMCe NOCIIYHCUM Yeau YIyuuieHus IK0102u4ecKoll 00CmanoeKu 6 Mecmax pac-
nonoscenus MojioKonepepadbamoléarouux npeonpuamuil. B uacmnocmu, cozoanue yHKyuOHANbHBIX HARUMKOS
Ha OCHOGE MOJIOUHOI CHIGOPOMKU C 000AGNEHUEM GUHOZPAOHBIX BbINCUMOK, (PPYKMOGLIX COKOG U NEKMUHA NO0360-
aum 0602amums MOJI0YHBLL HANUMOK KOMNIEKCOM DUOI02UYEeCKU AKHUBHBIX 8EU{ECH8, MUKDOIIEMEHN06, AHMU-
oKcuoanmos, eumamunos. bvinu paspabomanvl 06e mexnonozuu QyHKUYUOHATLHBIX HANUMKOE HA OCHOGE MOJI0Y-
HOIl cvleopomKu ¢ 0odasnenuem 25% IKCMPAKmMa ulIHCUMOK UEPHO20 sunozpaca Xyceiina, 6 nepeoii 25% euuineso-
20, a 60 eémopoit 25% nepcukosozo coxos. Ilepsasa peyenmypa npodemoHcCmpuposana 3HAvUMeIbHOE COOEpIHcanue
MAaKpo- U MUKpOdI1eMeHmos, éxniouasn kanoyuil (12,10%), nampui (5,04%), maenuii (1,60%), gocgpop (7,31%) u
kanuit (24,61%). Ananozuunvim odpazom, emopas peyenmypa umena 3HAUUMeENAbHLLIL COCAE MAKPO- U MUKDOIJIe-
Menmos, ekrouasn karvuuii (9,50%), nampuir (4,28%), maznuii (1,33%), pocgpop (6,37%) u kanuii (21,91%). Bce
MUKpoouonozuueckue noxkazamenu coomeemcmeyiom mpeoosanusm I'OCT u ceudemenscmeyrom o6 omcymcmeuu
RAmMozZeHHOU MUKPODAOPBL, YUMo A61AEMCA 00HUM U3 ROKA3AmeNell 2aPAHMUPOSAHHOZ0 CAHRUMAPHOZ0 D1A20NOTY-
yun npeonazaemoii npodykyuu. Pazpabomannsie nanumku 0baadaom xopowiumu opzaHonenmMu4ecKUMu noKaa-
meAMU, 8bICOKOI OUON02UYECKOU YEeHHOCMbBIO U HU3KOU cefecmoumMocmoio.

KiroueBble ci10Ba: npoaAyKThl (YHKUHUOHAJLHOIO NMUTAHUS, BTOPHYHOE ChIpbe, MOJIU(EHOIbI,
AHTHOKCHIAHTBI, MAKPO- M1 MUKPO3JIEMEHTBI.

Introduction Research evidences have proved that the
The utilization of secondary dairy raw ma- supplementation of various fruits can be very ef-
terials presents an opportunity for diversification fective for the treatment for various diseases. One
within the dairy industry, particularly through the of the research evidence claimed that that the dai-
exploration of whey-based products. Whey, a by- ly consumption of whey guava beverage has
product of cheese, cottage cheese, or casein pro- shown a significant impact on the hemoglobin
duction, boasts a rich nutritional profile compris- levels of the school-adeg children [6].
ing proteins, nitrogenous compounds, carbohy- Development and optimization of whey-
drates, lipids, vitamins, enzymes, mineral salts, mango beverage with ginger extracts were devel-
and organic acids. Notably, whey proteins are dis- oped successfully. The herbal beverage was de-
tinguished by their abundance of essential amino veloped with different percentages of ingredients
acids, making them highly valued in the realm of 5%, 7% and 10 % of mango pulp, 82-87% whey
functional foods and beverages [1]. was used, 0.5% ginger extract and 0.05% of guar
Recent studies have shed light on the nu- gum was used [7]. Study aimed to develop whey-
anced differences between cheese and curd whey, based herbal beverages. The cost of the formulat-
with curd whey exhibiting higher concentrations ed whey brahmi drink, whey mint drink, and whey
of select amino acids such as valine, phenylala- jaljeera drinks were Rs.18.33/250ml,
nine, leucine, and isoleucine. Moreover, the pres- Rs.20.20/250ml and Rs.14.75/250ml, respective-
ence of a-lactalbumin and B-lactoglobulin in whey ly. The study concluded that nutritionally rich
proteins further contributes to its superior biologi- whey-based herbal drinks can be recommended to
cal value compared to proteins from other sources all group of people [8].
[2-4]. This nutritional richness positions whey as a Whey beverages supplemented with fruit
promising ingredient in the development of func- juice, milk or milk permeate, or nutraceutical
tional beverages, particularly when combined with compounds are estimated to occupy a larger stake
extracts from plant sources. in the dairy and functional foods market in the
Whey is also utilized with vegetables for near future. Heat-triggered sedimentation is the
the development of beverages. A whey based major challenge of whey-based beverage industry.
herbal beverage was developed with carrot, beet- To overcome this handicap and protect the nutri-
root, mint and ginger [5]. tional value of whey beverages, nonthermal food
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processing technologies may well be considered
as alternatives to heat treatment.

Functional beverages fortified with whey
protein and fruit fillers have garnered attention for
their potential to deliver both nutritional benefits
and sensory appeal. Studies have shown that
blending traditional whey with fruit juices or
pulps enhances the sensory attributes and con-
sumer acceptance of these beverages [9]. Fruit-
flavored whey beverages have demonstrated high-
er acceptability scores compared to control formu-
lations containing 100% traditional whey [10,11].

Further exploration into the integration of
whey protein with various fruits and vegetables
has yielded promising results. Homemade fruit
and vegetable whey beverages, comprising a
blend of acid whey and other ingredients such as
carrot puree, rosehip puree, sea buckthorn jam,
pear puree, concentrated cherry juice, parsley, and
banana puree, have shown potential in enriching
dairy products with enhanced health-promoting
properties [12].

In addition to fruit juices, grape pomace ex-
tract has emerged as a valuable additive in whey-
based beverages. Grape pomace, rich in phenolic
compounds and antioxidants, offers functional
properties that can augment the nutritional profile
and health benefits of beverages [13,14-17].
Moreover, the recycling of grape pomace contrib-
utes to sustainability efforts within the food indus-
try, mitigating ecological disturbances caused by
its disposal [18].

Besides all these factors various research
evidences have proved that functional whey bev-
erages have potential to be utilized in various
forms and can be alternate healthy source of nutri-
tion in daily diet when compared to other thirst-
guenchers. The various nutrient content and their
health potential health benefits of whey protein
makes it to be equally suitable for utilization ra-
ther than wasting and treating it as a byproduct.

In terms of chemical composition, grape
pomace is rich in a polysaccharide complex and
contains significant amounts of phenolic
substances and lignin (Table 1).

Table 1. Chemical composition of the skins of some technical grape sorts [19]

Components Content in grape varieties,
mg /100 g dry preparation
White Red

Polysaccharides (total of monomer com- 42-44 41-45
ponents), including L-cellulose 24-25 24-25
Phenolic and lignin-like substances 36-38 37-39
Nitrogenous substances (nitrogen content) 1.4-1.6 1.5-1.8
Residual ash 2.5-2.7 2.6-2.8

The development of functional beverages,
such as apple-whey-based ready-to-serve (RTS)
beverages, underscores the potential for innova-
tion in this field. By blending apple juice with
whey and jaljeera extract, researchers have pro-
duced beverages that maintain quality under vari-
ous storage conditions [20]. Building upon these
findings, our research aims to investigate the addi-
tive effects of grape pomace extract and fruit juic-
es, particularly cherry and peach, in whey-based
beverages.

In summary, this study seeks to contribute
to the advancement of functional beverage devel-
opment by exploring innovative combinations of
whey protein with grape pomace extract and fruit
juices. By leveraging the nutritional richness of
whey and the bioactive compounds present in
grape pomace extract and fruit juices, we aim to
develop beverages that meet consumer prefer-
ences for taste, convenience, and health-
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promoting benefits. Through a comprehensive
analysis of previous research and consistent ex-
perimental methodologies, this study aims to
bridge existing knowledge gaps and offer insights
into the formulation of functional whey-based
beverages.

Materials and research methods

Studies of raw materials and finished
products to determine physical and chemical
properties were carried out using appropriate
methods:

1) One of the main physico-chemical
indicators of whey beverage is the dry matter
content. The dry matter content was determined
using a GOST ISO 2173-2013 [21]. This method
is highly accurate and technically simple. The
method is based on determining the refractive
index (refraction coefficient) and some of its
functions. It is applied for identification of
chemical compounds, quantitative and structural
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analysis, and determination of physical and
chemical parameters of substances;

2) Titratable acidity of the product was
determined according to GOST ISO 750-2013
(GOST 750) [22].

3) Organoleptic evaluation of finished
products is carried out by closed tasting method,
developed based on GOST 33957-2016 (GOST
33957) [23]. The following indicators are
monitored: appearance and consistency, smell and
taste, colour.

4) The mass fraction of protein was
determined in accordance with GOST 23327-98
(GOST 23327) [24].

5) The antioxidant activity was determined
according to the amperometric method (GOST
54037) [25] on the device “Svet-Yauza-01-AA”.

6) Microbiological parameters of whey-based
drinks were analyzed in accordance with the Meth-
ods for detection and enumeration of lactic acid
bacteria (GOST 10444.11) [26].

To determine the composition of micro- and
macroelements, the method of inductively coupled
plasma mass spectrometry (ICP-MS) and also
scanning electron microscope (SEM) were used.
ICP-MS is very useful in determining all elements
simultaneously, thereby shortening the measure-
ment process [27-29].

In the course of the study, recipes and
technologies for the preparation of whey based
drinks with the addition of grape extracts were
developed, the physico-chemical properties of
beverages were determined.

Results and discussion

The technological process for the produc-
tion of whey-based drinks includes the follow-
ing technological operations:

- Raw material reception and preparation;

- Preparation of milk whey;

- Preparation of dairy-free beverage com-
ponents (apple pectin, citrus pectin, grape
extract, fruit juices);

- Mixing of all ingredients;

- Cooling and packaging.

During the process milk whey pasteur-
ized, cooled up to 10 C, then grape pomace
extract and peach or cherry juice are added in
an amount of 20-25% and pasteurized by
heating to 65-67°C with 1.0-2.0 min of soaking,
as well as a mixture of apple and citrus pectin in
equal proportions of 0.5-1% is added, all
ingredients are thoroughly mixed for 5 minutes,
cooled, poured and packaged.

Thus, the process of preparing a
functional whey-based drink with grape pomace
extract consists of the following main process
steps shown in Figure 1.

Fruit

extract

Grape pomace
( juice

Milliwhey

Pasteurization Apple
T=65-67°C
t=0.5-1.0 min

Cooling
T=8-10°C.

Pasteurization
T=65-67°C
t=1 .0\52 .0 min

Citrus pectin
pectin

Mixing

t=5 T’n

Cooling

Pouring

s

Packaging

Figure 1. Technological scheme of the functional whey-based drink with grape pomace extract

A recipe was compiled in accordance
with the technology and the organoleptic char-
acteristics of the whey drink with extracts were
studied from two different varieties of Hussein
Black and Taifi Pink grapes pomace were inves-
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tigated. Tables 2 and 3 show the experimental
recipe for a functional whey-based drink with
different fruit juice and grape pomace extract
compositions.
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Raw materials Samples
Nol | No2 | No3 | No4 | No5
Milk whey 39 49 49 49 49
Hussein Black grape 30 50 35 25 15
pomace extract
Cherry juice 30 15 25 35
Apple pectin 0.5 0.5 0.5 0.5 0.5
Citrus pectin 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

Raw materials Samples
Nol | No2 | No3 | No4 | No5
Milk whey 39 49 49 49 49
Taifi Pink 30 50 35 25 15
grape pomace
Peach juice 30 15 25 35
Apple pectin 0.5 0.5 0.5 0.5 0.5
Citrus pectin 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

Table 4. and figure 2 show the organoleptic characteristics of a functional whey-based drink with Hussein Black

grape pomace extract and cherry juice.

Table 4. Organoleptic characteristics of functional whey-based drink with Hussein Black grape pomace extract and

cherry juice

Table 2. Recipes for a functional whey-based drink with Hussein Black grape pomace extract and cherry juice

Table 3. Recipes for functional whey-based drink with Pink Taifi grape pomace extract and peach juice

Samples
Photo Appearance and Taste Smell Color
consistency
1 Homogeneous lig- | Sweet and sour Sweet and Deep red
uid and with slight | whey, astringent | sour whey
sediment taste
2 Homogeneous lig- Mild, not sour, | Milky acidic | Transpar-
uid and with slight slightly sweet, | with a slight ent pink
sediment hints of grape | grape aroma
and a slight lac-
tic flavour
3 Homogeneous lig- Mild, not sour, Sweet and Clear
uid with slight sed- slightly sweet sour whey burgundy
iment
4 Homogeneous lig- Mild, not too Sweet and Dark
uid with slight sed- sour slightly sour whey burgundy
iment sweet, astrin-
gent taste
5 Homogeneous lig- Very sour Sweet sour Dark
uid with slight sed- burgundy
iment
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Table 5 and Figure 3 show the organoleptic with Taifi Pink grape pomace extract and peach
characteristics of a functional whey-based drink juice.

Table 5. Organoleptic characteristics of a functional whey-based drink with
Pink Taifi grape pomace extract and peach juice

Samples
Ne Photo Appearance and Taste Smell Color
consistency
1 Homogeneous lig- | Brightly sweet, | Whey or Light
uid and with slight | but no grape or milky yellow
sediment peach flavours
2 Homogeneous lig- Sweet It has a Clear
uid with slight sed- sour smell | yellow
iment of lactic
acid
3 Homogeneous lig- | Slightly sweet It has a Light
uid with slight sed- sour smell | yellow
iment of lactic
acid
4 Homogeneous lig- Sweet Milky and Light
uid with slight sed- sour witha | yellow
iment hint of
peach
5 Homogeneous lig- | Brightly sweet It has a Light
uid with slight sed- with a milky sour smell | yellow
iment taste of lactic
acid
Appearance
5

Consistency J——Y1

—od

— 05

Figure 2. Organoleptic parameters of functional whey-based drink with Hussein Black grape pomace extract and cherry juice
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Figure 3. Organoleptic parameters of functional whey-based drink with Taifi Pink grape pomace extract and peach juice
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The results of the organoleptic studies on
functional whey-based drinks enriched with
Hussein Black grape pomace extract and cherry
juice, as well as Taifi Pink grape pomace
extract and peach juice, indicate that recipe
number 4 outperformed the alternative recipe
across all assessed parameters, including
appearance, color, smell, taste, and consistency
(refer to Figures 3 and 4). This preference for
recipe number 4 aligns with the sensory
expectations of consumers and underscores its
potential for market acceptance.

Building upon these sensory findings, a
comprehensive analysis of the physical and

chemical properties of the two formulations was
conducted according to GOST 33957-2016
standards:

1) Whey-based functional drink with 25%
Hussein Black grape pomace extract and 25%
cherry juice and 0.5% apple and 0.5% citrus
pectin;

2) Whey-based functional drink with 25%
Taifi Pink grape pomace extract and 25% peach
juice and 0.5% apple and 0.5% citrus pectin.

The results, presented in Table 6, shed
light on the compositional characteristics of the
whey-based functional drinks.

Table 6. Physico-chemical properties of the whey-based functional drinks enriched with grape pomace extract and fruit juice

Name, units No 1 No 2
Mass fraction of protein, % 0.52 0.63
Mass fraction of carbohydrates, % 0.69 5.68
Mass fraction of fat, % Not found Not found
Antioxidant content, mg/g 0.69+0.0170 | 0.37+0.0003
Titratable acidity, T°C 55 49
Mass fraction of dry matter, % 10.2 £ 0.02 9.8 +0.03
Density, kg/m?® 1030.5 1038.5
Content of elements , %
Carbon (C) - 11.23
Oxygen (O) 41.37 36.89
Sodium (Na) 5.04 4.28
Magnesium (Mg) 1.60 1.33
Aluminum (Al) - 0.43
Silicon (Si) 0.40 2.04
Phosphorus (P) 7.31 6.37
Sulfur (S) 0.87 0.69
Chlorine (CI) 6.70 5.33
Potassium (K) 24.61 21.91
Calcium (Ca) 12.10 9.50

Comparing these results with existing
literature on similar formulations and methodolo-
gies, we observe trends consistent with the
known properties of whey-based beverages
fortified with grape pomace extract and fruit
juice. The observed protein and carbohydrate
contents align with previous studies, highlighting
the potential for these drinks to serve as sources
of essential nutrients. Additionally, the presence
of antioxidants underscores the potential health
benefits associated with consumption. The
variations in titratable acidity and elemental
composition between the two recipes may reflect
differences in grape pomace varieties and fruit
juice compositions, further emphasizing the
importance of ingredient selection in product
development.

The developed samples of whey-based
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functional drinks in terms of mineral substances,
formulation No 1, consisting of 25% Hussein
Black grape pomace extract and 25% cherry
juice, demonstrates higher levels of several ele-
ments compared to formulation No 2, which in-
cludes 25% Taifi Pink grape pomace extract and
25% peach juice. Notably, formulation No 1 ex-
hibits elevated levels of sodium (Na) — 5.04%,
magnesium (Mg) — 1.60%, phosphorus (P) —
7.31%, potassium (K) — 24.61%, and calcium
(Ca) — 12.10 compared to formulation No 2 sodi-
um (Na) —4.28%, magnesium (Mg) —1.33%,
phosphorus (P) - 6.37%, potassium (K) -
21.91% and calcium (Ca) —9.50%.

This suggests that the whey-based func-
tional drink enriched with Hussein Black grape
pomace extract and cherry juice (formulation No
1) contains a higher concentration of mineral
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substances compared to the variant with Taifi
Pink grape pomace extract and peach juice (for-
mulation No 2).

The results obtained are shown in the
following Figures 4-5.

Figure 5. Mineral content spectrum of whey-based functional drink no 2.

The macroelement calcium supports the
condition of tooth enamel, is involved in the
formation and maintenance of bone mineral
density and prevents the absorption of non-
cracked proteins. There are established norms of
daily intake for adults (calcium) - 8001000 mg,
for children - 4001200 mg.

Macroelements - phosphorus and mag-
nesium - play an important role in reducing
osteoporosis. Their average daily requirement for
phosphorus for adults is 600800 mg, for children
—300+1200 mg.

The established average daily requirement
for the macronutrient potassium for adults is 2,500
mg, for children it is between 400 and 2,500 mg.

Table 7. Microbiological parameters of whey-based drinks

The established average daily requirement
of the microelement of iron for adults is 10 mg for
males and 18 mg for females, and 4 to 18 mg for
children [30].

Thus it is proved that the obtained products
contain vital macro- and microelements.

The microbiological parameters of whey-
based drinks are presented in Table 7 and com-
pared between two formulations over a span of 15
days. These parameters are crucial indicators of
product safety and quality, ensuring that the
drinks are free from harmful microorganisms.

Microbiological parameters of whey-based drinks No 1 No 2
according to the TR CU 033/2013 1day | 7 days 15 lday | 7days 15
days days
Number of mesophilic aerobic and facultative | 1x10% | 1x10* | 1x10* | 1x10% | 1x10%® | 1x10* | 1x10°
anaerobic micro-organisms, CFU/ g(cmq), no
more than
Weight of the product (g/cm?®), not allowed:
E. coli bacteria (Coliformes) 0.1 Not found Not found
Pathogenic, Salmonella 25 Not found Not found
S.aureus 1.0 Not found Not found
L.monocytogenes 25 Not found Not found
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For both formulations, the number of mes-
ophilic aerobic and facultative anaerobic microor-
ganisms is within the permissible limits through-
out the observation period, as specified by the re-
quirements of the Technical Regulations of the
Customs Union “About the safety of milk and
dairy products” (TR CU 033/2013) [31]. This in-
dicates that the drinks maintain microbial stability
and meet regulatory standards for microbial con-
tamination and guaranteed sanitary well-being of
the products produced [32].

Regarding specific pathogenic microorgan-
isms, including E. coli bacteria (Coliformes),
Salmonella, S.aureus, and L.monocytogenes, none
were detected in either formulation during the en-
tire 15-day period. This absence of pathogenic
bacteria underscores the hygienic production pro-
cess and the effectiveness of microbial control
measures applied during manufacturing.

Comparing the microbiological parameters
between the two formulations, no significant dif-
ferences are observed in terms of microbial counts
or presence of pathogenic bacteria. Both formula-
tions exhibit similar microbiological profiles, in-
dicating that the choice of grape pomace extract
and fruit juice does not substantially impact the
microbial stability of the whey-based drinks.

These findings align with previous research
demonstrating the microbiological safety of whey-
based beverages and the effectiveness of good
manufacturing practices in controlling microbial
contamination. Studies have shown that factors
such as pH, water activity, and antimicrobial
compounds present in ingredients can influence
the microbial growth and survival in dairy-based
products [33, 34].

In conclusion, the microbiological analysis
confirms the safety and quality of the whey-based
drinks, providing assurance to consumers and
regulatory authorities. The absence of pathogenic
bacteria and compliance with microbial standards
highlight the suitability of these drinks for con-
sumption over the specified storage period.

Conclusion

It was developed technology and new
recipes of functional whey-based drinks aimed at
enriching the realm of functional foods:

1) Whey-based functional drink with 25%
Hussein Black grape pomace extract and 25% cherry
juice and 0.5% apple and 0.5% citrus pectin;

2) Whey-based functional drink with 25%
Taifi Pink grape pomace extract and 25% peach
juice and 0.5% apple and 0.5% citrus pectin.

The first formulation, a whey-based func-
tional drink infused with 25% Hussein Black
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grape pomace extract and 25% cherry juice,
alongside 0.5% apple and 0.5% citrus pectin,
demonstrated noteworthy macro- and microele-
ment content, including calcium (12.10%), sodi-
um (5.04%), magnesium (1.60%), phosphorus
(7.31%), and potassium (24.61%). Similarly, the
second formulation, comprising 25% Taifi Pink
grape pomace extract and 25% peach juice, with
0.5% apple and 0.5% citrus pectin, exhibited sig-
nificant macro- and microelement composition,
including calcium (9.50%), sodium (4.28%),
magnesium (1.33%), phosphorus (6.37%), and
potassium (21.91%).

Both formulations met essential microbio-
logical standards, confirming the absence of path-
ogenic microflora and ensuring the products' sani-
tary well-being. Moreover, the developed drinks
boasted favorable organoleptic characteristics,
rendering them appealing to consumers. These
beverages offer high biological value and cost-
effectiveness, making them accessible to a wide
consumer base.

Furthermore, developed functional drinks
contribute to enhancing antioxidant protection,
promoting calcium bioavailability, and supporting
immunity. This is attributed to the inclusion of
pectin, natural antioxidants from grape pomace
extracts rich in anthocyanins and flavonoids, and
other beneficial compounds. Thus, our research
presents a significant advancement in the field of
functional beverage development, offering prod-
ucts that align with consumer preferences for
taste, convenience, and health-promoting benefits.
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