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PREFACE

In order to study process management methods and develop a
typical automation scheme, basic knowledge of the discipline
‘Production Processes and Equipment’ is required. In particular,
typical processes and laws that determine their speed, the structure of
the production process, equipment, and tasks for diagnosing their
condition.

The aim of the discipline is to introduce students to the basic
principles and patterns of processes, develop technological thinking
and the ability to analyse events, form a scientific view on the
problems of basic technologies and rational use of natural resources,
and introduce students to the physical and chemical processes that
occur in various technological schemes in different industries.

The objective of the discipline is to prepare students for
effective learning of the fundamentals processes and technological
schemes of industrial production of inorganic and organic
substances, in accordance with the educational plan, and to justify
the importance of science on processes and equipment in solving
practical problems.

The lecture notes will help students thoroughly study the
theoretical and practical material of the topics and prepare for regular
and modular knowledge tests. It contains topics of the course that are
not included in the textbooks and methodological guidelines for
practical work, namely: Biological and chemical wastewater
treatment; Treatment of natural water and wastewater. lon exchange
technologies for softening and desalination; Waste processing. Whey
as a valuable food product.



IHEPEIMOBA

st BUBUEHHS NUISXIB yNpaBliHHS MpoLecaMy Ta CKIIaJaHHs
THIIOBOI CXeMH aBTOMaru3alii € 0a30Bl 3HAHHA 13 OUCLUILIIHH
«BupoOHMYi TiportecH Ta 00IagHaHH». 30KpeMa, THIIOBI MPOIIECH Ta
3aKOHM, M0 BHU3HAYAIOTH IX IIBUAKICTH TMEpediry, CTPYKTYpy
BUPOOHWYOTO Tpolecy, oONagHaHHSI Ta 3aJadi JiarHOCTYBaHHS iX
CTaHy.

MeTa qucUMILUIIHM — O3HAHOMIICHHSI CTYAEHTIB 3 OCHOBHUMH
MOJIOKEHHSAMH  Ta  3aKOHOMIPHOCTSIMH  TPOLIECIB,  PO3BUTOK
TEXHOJIOTIYHOTO MHCJICHHSI 1 34aTHOCTI aHali3yBaTW SBHIIA,
(opMyBaHHS ~ HAyKOBOT'O  CBITOTIISiAYy 3 mpoOneM  0a30BUX
TEXHOJIOTiH, palioHaIbHOTO MPUPOAOKOPUCTYBAHHS; O3HAHOMIICHHS
CTYACHTIB 3 (i3MKO-XIMIYHUMH SIBUIIAMH, SIKi 3yCTpidaloThCs B
PI3HOMaHITHHX TEXHOJOTIYHUX CXEMaX raixy3eil BUpOOHUIITB.

3aBaaHHs JUMCHMILUIIHM - TIATOTOBKAa CTYIEHTIB IO
e(EKTHBHOTO 3aCBOEHHS OCHOB TMPOILECIB, TEXHOJOTIYHHX CXEM
rary3eBUX BHPOOHUIITB HEOPraHIYHUX Ta OpPTaHIYHUX PEUOBHH,
3TiAHO 3 HaBYAJBHUM IIJIAHOM, OOIPYHTYBAaHHS 3HaUECHHS HAYKH IPO
mpoliecy Ta o0JIaIHAHHSI B PO3B’sI3aHHI NPAKTUYHHUX 3aB/aHb.

KoHcnekT nekIiii  momoMoke 3100yBayaM  TPYHTOBHO
ONpAalLIOBaTH TEOPETUYHMII Ta TNpaKTUYHMHA Marepial  TeM,
MiArOTYBAaTUCS 10 TOTOYHOTO, MOJYJIBHOTO KOHTPOJIB 3HaHb. BiH
MICTHTB Ti TEMHU KypCy, sIKi HE BBIMIIUTU 70 HABYAJIBLHHUX MOCIOHHKIB
Ta METOAMYHMX BKa31BOK /10 BUKOHAHHS MPAKTUYHUX POOIT, a came:
OuuIeHHs CTIYHUX BOJ. Blosoridde ta XiMiuHE OYHMILEHHS CTIYHUX
Boja; OuwMileHHS TPUPOAHUX BOJ. lOHOOOMIHHI TEXHOJIOTIT
oM’ siKIIeHHs Ta 3HecoseHHs; [lepepoOka BimxomiB. CupoBaTka SK
LIHHUE Xap4YOBHU TIPOAYK.



LECTURE 1. WASTEWATER TREATMENT.
BIOLOGICAL AND CHEMICAL WASTEWATER
TREATMENT

The technology of wastewater treatment related to household
enterprises, including hotel and restaurant complexes, is based on
biological treatment using activated sludge and biofilm. The
performance of activated sludge and biofilm, which provide
destructive biochemical processes for the transformation of
wastewater impurities, depends on a number of parameters that can
be grouped as follows:

- Chemical composition of wastewater;

- Concentration of contaminants;

- Conditions of the process.

Wastewater of the hotel and restaurant complex can be
described as complex systems that include impurities of organic and
inorganic, artificial and natural origin, in particular those that are
difficult to oxidise or not oxidised (synthetic dyes, surfactants, etc.),
which are biologically active substances (phosphates, nitrates) and
toxic to microorganisms (in particular chlorides).

Given the limited water resources, wastewater can be classified
as concentrated. For the treatment of wastewater from a hotel and
restaurant complex, the most commonly used is the classical
biological treatment scheme, which includes primary sedimentation,
aerobic oxidation, secondary sedimentation, sludge compaction and
recycling.

The above system of wastewater treatment facilities is
recommended for use at low concentrations of pollution and cannot
provide deep wastewater treatment. At high concentrations, a
technological scheme that includes a combination of aerobic and
anaerobic oxidation methods is recommended. This method cannot
provide deep wastewater treatment because it does not provide for
the required oxidation rate, which ensures changes in biocenoses. To
increase the depth of treatment, methods that provide optimal
conditions for the functioning of microflora through a combination
of physicochemical and biochemical methods are recommended.

Given that microorganisms of activated sludge (biofilm) absorb
the energy of a chemical reaction that is redox, it can be argued that
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ensuring optimal conditions for its functioning is associated with the
regulation of the following indicators: pH, redox potential (ORP),
temperature.

Thus, the study of ways to regulate the redox state in biological
wastewater treatment systems is important for the direction of
complex biochemical processes and ensuring optimal conditions for
the functioning of the microflora of activated sludge (biofilm).

The table 1 shows an example of a functioning wastewater
treatment plant system that includes subsystems for primary
sedimentation and subsequent biological treatment under aerobic
conditions.

Table 1
Characteristics of the operation of wastewater treatment plants
Ne | Sampling pH Eh, V BOD:s, Phosphates,
location mgO,/dm? | mg/dm?
1 | Pre-aerators 6,7 +0,04 1260 30
2 | Primary 6,8 +0,04 840 30
settling tank of
the 1st line
3 | Aerotank | 8,2 +0,152 | 56 28,8
4 | Aerotank Il 8,3 +0,15 56 25,2
5 | Secondary 7,5 +0,13 56 21
settling tank of
the 2nd line
1 | Pre-aerators 6,3 +0,09 1680 35
2 | Primary 6,5 +0,09 1064 35
settling tank of
the 1st line
3 | Aerotank | 7,7 +0,09 578,9 33
4 | Aerotank Il 8,0 +0,11 554,9 32
5 | Secondary 7,6 +0,09 560 31,5
settling tank of
the 2nd line

It was found that Eh, which characterises the energy of redox
reactions, increases from 0.04 V (pre-aerator) to 0.152 V (1st stage
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aeration tanks); the indicator characterising the redox properties of
the aqueous medium rH; increases towards the oxidising medium
and varies from 14.78 V (pre-aerator) to 21.78 V (2nd stage aeration
tanks). Along with this, the value of BODS in the pre-aerator is 1260
mO,/ dm?. Under conditions where the BODs value in the pre-aerator
is 1680 mgO2/ dm?, Eh varies from 0.09 V (pre-aerator) to 0.11 V
(2nd stage aeration tank), rH, from 15.7 V to 19.8 V, and the final
BODs concentration is 560 mgO2/ dm?.

Thus, it can be concluded that the treatment effect in this case
is insufficient and varies from 96% at a BODs value of 1260
mgO,/dm?® in the pre-aerator to 67% at a BODs value of 1680
mgO./dm? in the pre-aerator. The purification effect is reduced by
20% by phosphate concentration. Lower values of indicators (Eh,
rH,), characterising the energy of redox reactions and the nature of
the water environment, correspond to a decrease in the treatment
effect.

To increase the effect of wastewater treatment, we propose a
technology based on a combination of physicochemical (settling,
treatment with reagents) and biological (oxidation by microflora in
anaerobic and aerobic conditions) methods. Such a combination of
wastewater treatment methods eliminates the disadvantages of each
of the individual methods, which allows for effective treatment and
intensification of the processes of biological transformation of
impurities by regulating the physicochemical properties of the water
environment, in particular the redox properties by Eh.

The proposed technology was used in a study of wastewater
treatment. Wastewater in the amount of 100 m®/day is contaminated:

- Organic matter BODs - 330 mgO/dm?;

- Ammonium nitrogen - 40 mg/dm?;

- Phosphates - 20 mg/dm?.

The water is pre-treated from sand and floating coarse
impurities and fed for biological treatment under anaerobic
conditions. Anaerobic heterotrophic microorganisms hydrolyse
organic matter to form low molecular weight compounds, partially
reduce oxidised forms of nitrogen and partially use phosphate, which
leads to a decrease in pH and Eh values. When the pH of wastewater
reaches 5-4.5, hydrogen peroxide is added to the wastewater to
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Eh<0.2 V or an iron-containing coagulant to Eh<0.1 V to reduce the
content of methane and hydrogen sulfide, as well as to create
unfavourable conditions for the life of sulfate reductants and
mutagenic toxicity of the substrate. Thus, they create optimal
conditions for the functioning of microflora in aerobic conditions and
increase the efficiency of the method.

The water is then fed for biological treatment in aerobic
conditions (oxygen content 4 mg/dm?3) by free-floating microflora,
which ensures good physiological adaptation of microorganisms at
higher concentrations of contaminants. After biological treatment
under aerobic conditions by free-floating microflora, the water is fed
to biological treatment under aerobic conditions (oxygen content 2
mg/dm®) by microflora attached to inert loading material.
Immobilisation increases the activity of microorganisms at lower
concentrations of contaminants. This improves the conditions for
microbial life in aerobic conditions.

The quality of the treated water is stable and, as a rule, does
not exceed 3-5 mg/dm3 for BOD5 and suspended solids, 0.4 mg/dm?®
for ammonium nitrogen, 7 mg/dm? for nitrate nitrogen, and 0.5
mg/dm? for phosphate.

Then, the treated water stream is settled and separated, part of
which is returned for treatment with microflora under anaerobic
conditions, and the other part is fed for additional treatment with
microflora attached to inert weighing material under aerobic
conditions. As a result of creating optimal conditions for the
microflora to function in aerobic conditions, the need for a large
return of nitrogen to the main stream with circulating sludge or water
is eliminated. Therefore, only 10% of the treated water flow is
returned for microflora treatment in anaerobic conditions, and 90% is
fed for post-treatment with microflora attached to inert loading
material. Due to its vital activity, the wastewater depleted in
substrate components is treated within the maximum permissible
concentrations. Indicators of purified water: BOD5 - 2.5 mgO,/dm?,
suspended solids - 1.8 mg/dm3, ammonium nitrogen - 0.28 mg/dm?,
nitrate nitrogen - 0.05 mg/dm?, phosphate - 0.15 mg/dm?.



Thus, by regulating the redox potential of wastewater, optimal
conditions for the functioning of microflora in aerobic conditions of
the biological treatment unit are ensured. This makes it possible to
increase the efficiency of the technology in general, which is
guantified by a better treatment effect and the achievement of the
values of the main indicators of the source water within the
permissible concentrations.

JIEKIIA 1. OYMINEHHA CTIYHHUX BOJI.
BIOJIOI'TYHE TA XIMIYHE OYMILNEHHA CTIHHUX BO

B ocHOBI TEXHOIOTIT OYHINEHHS CTIYHUX BOJI, 1[0 BIHOCUTHCS
J0 TOCIIOAaPCHKO-MMOOYTOBUX MIANPHEMCTB, 30KpeMa TOTEIbHO-
PECTOPAHHOTO KOMILICKCY, TIOJsrae OioJIOriuHe OYMIIEHHS 3
BUKOPUCTAHHSIM aKTHBHOIO MyJdy Ta OiomiBku. [IpoayKTHUBHICTBH
AKTUBHOTO MYy Ta OIOILTIBKH, IO 3a0€3MeuyloTh AeCTPYKTHUBHI
Oi0XiMiYHI TpoIeCH MePETBOPEHHS JOMIMIOK CTIYHHX BOJ 3aJIEKHUTh
BiJ] psiIy IapaMeTpiB, SKi MOYKHA 3TPYIyBaTH HACTYITHUM YHHOM:

o XiMIuHMK CKIaJ CTIYHUX BOII;

o Konrenrpariist 3a0py/1HeHb;

® YMOBH IIPOBEJICHHS IIPOLIECY.

CriuHI BOAM TOTEIBHO-PECTOPAHHOIO KOMIUIEKCY MOKHA
OXapaKTepU3yBaTh SK CKJIAJHI CHCTEMH, IO BKJIIOYAIOTH JOMIIIKH
OpPraHiyHOIO0 Ta HEOPraHIYHOIo, IITYYHOIO0 Ta MPUPOIHOTO
MMOXOJ/KEHHsI, 30KpeMa Ti, SKI BaXKO OKHCJIIOIOThCS abo He
OKHUCIIOIThCA (cHHTEeTHYHI OapBHUKH, [TIAP ToOm10), siKi € OioNoTiuHO
AaKTUBHUMHU pe4oBUHaMHU ((ocdaTH, HITpaTH) Ta TOKCHUYHUMH IS
MIKpOOpTaHi3MiB (30KpeMa XJIOPUIH).

3a yMOB OOMEXEHHsI BOAHUX PECYpCiB, CTIYHI BOAM MOKHA
BIIHECTH [0 KOHIEHTPOBAaHUX. /IS OYMINEHHS CTIYHUX BOJ
TOTENFHO-PECTOPAHHOTO KOMIUIEKCY HAMOULIBII 3aCTOCOBYBAHOIO €
KJIaCUYHAa TEXHOJOTiyHa cxeMa Ol0JOriYHOr0 OYMIIEHHS, IO
BKJIIOYA€ MEPBUHHE BiJICTOIOBAHHS, acpoOHE OKMCHEHHS, BTOPUHHE
BiJICTOIOBAaHHSI, YIIUILHEHHS MYyJNy Ta 3a0e3leueHHS YMOB HOTO
PEIHPKYJISIIIi.
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Bumie BkazaHa cucteMa OYMCHHX CHOPYA, PEKOMEHAOBaHA 10
BUKOPHUCTAHHS 332 HEBUCOKHX KOHLCHTpALii 3a0pyJHEHb Ta HE MOXeE
3a0e3neynT TNMOOKE OYMIICHHS CTIYHMX BOJ. 3a BHCOKHX
KOHIIEHTpALiil peKOMEHAOBaHa TEXHOJOTiYHA CXeMa, IO BKIIOYAE
KOMOIHAIIIF0 METOIIB a6pOOHOT0 Ta aHAePOOHOTO OKUCHEHHS. JlaHmit
cnoci0 He Moke 3a0e3ne4ynuTH TIMOOKEe OYMIICHHS CTiYHOI BOAM
TOMY, IO HE mepeadavyae HeoOXiHEe 3HAUEHHS CTYICHS OKHCHEHHS,
SKUil 3a0e3nedye 3MmiHM OiorneHo3iB. s minBUINEHHS TIHOWHU
OYHIICHHS PEKOMEHIOBaHI CIIOCOOM, 0 3a0€3Meuy0Th ONTUMAIbHI
yMOBH (DYHKIIOHYBaHHS MiKpoQuIopu HUIIXOM KoMmOiHamii (i3uko-
XIMIYHHX 1 010XIMIYHHX METOIIB.

BpaxoByroun, 1mo MIKpOOPraHi3MH aKTHBHOTO  MYIY
(GiomuTiBKM) 3aCBOIOIOTH €HEPTil0 XIMIYHOI peakilii, ika BiTHOCUTHCS
IO  OKHCHO-BiJIHOBIIOBANBbHOI, = MOXHa  CTBEPIXKYBaTH,  IIO
3a0e3MeYeHHs ONTUMAIBHUX YMOB i1 (DYHKI[IOHYBaHHS TOB’sS3aHE 3
peryiaioBaHHAM HACTYNHHMX IIOKa3HUKIB: pH, OKHUCHO-BiIHOBHUI
notenuian (OBII), remneparypa.

TakuM 4rHOM, MOCTIIKEHHS CIIOCO0IB PEryIIOBaHHS PEIOKC-
CTaHy B CHCTeMaxX OIiOJIOTIYHOTO OYHWIICHHS CTIYHHX BOJ Ma€
Ba)KJTUBE 3HAYCHHS JJISl HAPSMKY CKIaJHUX O10XIMIYHUX MPOIECiB
Ta 3a0e3MeueHHs ONTUMAIBHUX YMOB (YHKI[IOHYBaHHS MiKpogopu
AKTUBHOTO MYy (OiOTLTiBKH).

B rtabmuni 1 nHaBepeHo mpukiaa (QyHKIIOHYIOYOI CHCTEMHU
OYMCHUX CHOPYA, IO BKJIIOYAE TMiJICUCTEMH TIEPBHHHOTO
BiJICTOIOBaHHS Ta HACTYMHOTO OiOJIOTIYHOTO OYMIIEHHS B aepOOHUX
YMOBaXx.

Bcranosneno, mo mokasuuk Eh, skuit  xapaxrtepmsye
CHEPreTHKY OKHCHO-BIIHOBHHUX peakiliii, 30inbinyerbes Big 0,04 B
(npe-aepatop) mo 0,152 B (aepoTenku 1-ro cTymeHs); MOKa3HUK, IO
XapaKkTepu3y€e OKUCHO-BiTHOBIIOBAJIBHI  BIACTHBOCTI  BOJHOTO
cepenoBuina rH; 301UIbIIyeThCS Y OIK OKHCITIOBAJIBLHOTO CEPEIOBUINA
Ta 3MiHIO€eThCA Bix 14,78 B (mpe-aeparop) mo 21,78 (aepoTeHku 2-T1o
crynens). [Topsn 3 M, 3Havenns bCKs B npe-aeparopi 1260 mO2/
a3, 3a ymoB, ko 3na9enns bCKs B pe-aeparopi 1680 mrOy/ am?®,
Eh smintoerses Bix 0,09 B (mpe-aepatop) o 0,11 B (aeporenk 2-ro
crynens), Hy Bix 15,7 B no 19,8 B, kxinneBa konneHtparis bCKs
560 MrO,/ mM°.
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Taommms 1
XapakTepucTHKa poOOTH OYHCHUX CIIOPYT

Ne | Micne Binbopy | pH Eh, B BCKs, docdarn,
npo6 mrOo/mm® | mr/am®

1 | IIpe-acpatopu | 6,7 +0,04 1260 30

2 | epBunHMIA 6,8 +0,04 840 30
BiacTiiHUK 1-i
JIHIT

3 | Aeporenk I 8,2 +0,152 56 28,8

4 | Aeporenk I 8,3 +0,15 56 25,2

5 | Bropunuuit 7,5 +0,13 56 21
BIACTIWHUK 2-1
JIHIT

1 | IIpe-aepatop 6,3 +0,09 1680 35

2 | epBunHMiA 6,5 +0,09 1064 35
BiACTIWHUK 1-1
JHIT

3 | Aeporenk I 1,7 +0,09 578,9 33

4 | Aeporenk I 8,0 +0,11 554,9 32

5 | Bropunnuit 7,6 +0,09 560 31,5
BiACTIHHHUK 2-1
JHIT

TakuM 4YHHOM, MOXHA 3pOOUTH BHCHOBOK, IO €QeKT
OUUIIICHHS B IAHOMY BMITQJIKy HEJOCTATHIM Ta 3MIHIOEThCA Bia 96%
3a 3navenns BIIKs B mpe-aeparopi 1260 mrOz am® no 67% 3a
snauenns BITKs B npe-aeparopi 1680 mrO2/ am®. 3a KoHmeHTpariero
¢docharie edext ouuineHHs 3MeHIIyeThcss Ha 20%. 3HUWKECHHIO
edeKkTy OYMINEHHS BIiAMOBINAIOTH OIMBII HU3BKI 3HAYCHHSA
nokasuukiB (Eh, rHz), mo xapakrepusyroTh eHepreTuKy OKHCHO-
BiJIHOBJIFOBAJIbHUX PEAKIIiH Ta XapakTep BOJHOTO CEPEIOBHIIIA.

Hnst  30utbleHHS  eeKTy OYMIICHHS  CTIYHMX  BOJ,
MPOTNIOHYETHCSL TEXHOJOTIS, sIKa IPYHTYEThCSl Ha KoMOiHauii i3uko-
XiMiYHMX (BiACTOIOBaHHS, OOpoOKa peareHTamMH) Ta O10JOTIYHHMX
(okucieHHsT MiKpoQUIOpo0 B aHaepoOHMX Ta aepoOHUX YMOBAX)
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MeToaiB. Take MoeJHaHHS METOMIB OYMIICHHS CTIYHUX BOJ HIBEJIIOE
HEJIOJIIKM KOXKHOTO 3 OKPEMHX METOIIIB, IO TO3BOJSIE €(EKTHBHO
OPOBOJUTH OYMIICHHS, a TaKoX I1HTEHCH(]IKyBaTH TNpPOLECH
010JIOTIYHOTO  MEPETBOPEHHS JOMILIOK MUISXOM PETYJIIOBaHHS
(hi3UKO-XIMIYHHX BJIACTHMBOCTEH BOJHOTO CEPEIOBHUINA, 30KpeMa
OKHCHO-BiJIHOBJIIOBAJILHUX 32 TIOKa3HUKOM Eh.

3a  3ampoNOHOBAaHOIO  TEXHONOTiEl0  OyJao  TPOBEICHO
TOCTIDKEHHS 3 OYMIIeHHS CTivHMX Boj. CTiyHAa BOAAa y KUTBKOCTI
100 M*/ 100y Mae 3a6pyAHEHHS:

- Opraniuni pedosunn BCKs — 330 MrOz/nm3;

- Aot amoHiiHWI — 40 MT/ TM°;

- ®ocdatu — 20 mr/ ave,

Bony momepenmHro0 OUYMIIAIOTH Big IHCKY 1 IDIABalOYHX
rpyOOANCIIEPCHUX JOMIMIOK 1 TOAA0Th Ha Oi0JIOTiYHE OYHUIICHHS B
aHaepoOHUX yMOBaxXx. B mpoleci KUTTEISUIBHOCTI aHaepOOHUX
reTepoTpoQHUX MIKPOOPTaHi3MiB BiIOYBAETHCS TiAPOIIi3 OpraHiYHUAX
PECYOBHH 3 YTBOPEHHSIM HHU3BKOMOJEKYJSPHHX CIIONYK, YaCTKOBE
BIZTHOBJICHHSI OKHCHEHHX ()OPM a30Ty Ta 4YacTKOBE BHKOPHCTAHHS
¢docdarip, 1m0 NMPU3BOAUTH J0 3MCHIICHHS 3HAYCHb MMOKa3HUKIB pH
ta Eh. 3a nocsruenns 3Hayens pH criuaux Boj 5- 4,5, y cTiuHy Boay
J0Mal0Th Tepokcua BoaHioo 1m0 Eh<0,2 B abo 3amizoBmicHHi
koarynssHT g0 Eh<0,1 B, mis 3MeHIIEHHS BMICTY MeTaHy i
CIPKOBOJHIO, @ TaKOX JUIs TOTO, OO CTBOPIOBATH HECTIPHUSATIHBI
YMOBH ISl KHUTTEMISUIBHOCTI Cynb(ar peayKTOpiB, MyTareHHOI
TOKCHYHOCTI cyOcTpary. TakuMm 4YMHOM, CTBOPIOIOTH ONTHMAJbHI
yMOBH  (YHKIIIOHYBaHHS Mikpoduiopy B aepoOHHUX YMOBax,
T IBUIIYIOTh €PEKTUBHICTH CIIOCOOY.

Jaii Boma momaeTbes Ha Oi0OJIOTiYHE OYMINEHHS B aepOOHHX
yMoBax (BMIicT KuCHIO 4 Mr/am®) BUIBHO IUTaBar0400 MiKpO(IOpOIo,
o 3a0e3meuye 3a OiTbII BUCOKAX KOHIIEHTpAIliid 3a0pyIHeHb 100py
¢izionoriuny amanTamiro MikpoopranismiB. Ilicins OGiomoriyHoro
OUHIIICHHS B aepOOHMX YMOBaX BIJIbHO IUIABAHOUO) MiKPO(IIOPOI0
BOJa HAIXOIWTh HA OIOJOriYHE OYHINEHHS B aepoOHHUX yMOBax
(BmicT kucHIO 2 Mr/mM®)  MIKpOQUIOPOK TIPUKPIIIEHON Ha
IHEpPTHOMY 3aBaHTaXyBaIbHOMY MaTepiani. IMMmoOimizalis crpuse
30UIBIICHHIO AKTHUBHOCTI MIKPOOPraHi3MiB, 3a OUIBII HU3bKUX
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KOHLICHTpaIii 3a0pyaHeHb. TakuM YHHOM MOKPANIYIOTH YMOBH
KHUTTEIISUTBHOCTI MIKPOOPTaHi3MiB B a8pOOHHUX YMOBAX.

SKicHUH TIOKa3HUK OYUINEHOI BOJM CTaOUIBHUH i, SIK TIPABUIIO,
ne nepesuinye no BCKs i 3Baxkenum pedosuHam 3-5 mr/ame, mo
amoHiitHoMy a3oTy — 0,4 mr/mm3, mo asory HirpatiB — 7 mr/aM®, 1o
docdaram — 0,5 mr/mve,

[lotiM 3AifCHIOIOTH BIZCTOIOBAHHS Ta PO3AUICHHS IOTOKY
OYMIIEHOI BOAM, YAaCTHHY 3 SKOTO IIOBEPTAIOTh HA OYHIICHHS
MIKpOQIIOpOI0 B aHaepOOHUX yMOBax, a iHIIY YaCTHHY MOJAOTh Ha
JNOOYUILEHHS  MIKpo(Jopolo, TPUKPIJICHOI® Ha  iHEPTHUH
3BaXXYBalIbHUI MaTepial B aepoOHuMX yMoBax. B pesynbrati
CTBOPEHHS ONTHUMAIBHUX YMOB (YHKI[IOHYBaHHS MiKpodIopu B
acpOOHMX  yMOBax  BHUKIIOYAETBCS  HEOOXIJIHICTh  BEJIMKOTO
MOBEPHEHHS a30TY B OCHOBHHI MOTIK 3 IUPKYJISIIIHHUAM MYJIOM a0o0 3
Boznoro. Tomy mume 10% mOTOKY OuYMIIEHOI BOIM MOBEPTAIOTh Ha
OYHILEHHA MiKpO(IOpOr0 B aHaepoOHUX yMOBax, a 90% moxaroTs Ha
JOOYUILEHHS  MIKpo(Jopolo, TPUKPIJICHO Ha  iHEPTHUH
3aBaHTaXYBaJbHUM MaTepias. 3a paxyHOK ii JKHTTEMisUTBHOCTI, B
30iTHEHNX CYOCTpaTHUMH CKIIAJOBHMHU CTIYHHX BOJAX 3iHCHIOIOTH
JOOUUILEHHS B MeXax TPaHUYHO-JOMYCTUMHUX KOHLEHTpAIil.
IMoka3uuku oummeHoi Boau: BCKs — 2,5 mrOz/oM°, 3BaxeHi
peuoBunn — 1,8 mr/am®, asor amomiiimmii — 0,28 mr/aM3, aszor
mirparis — 0,05 mr/mm3, pocdatu — 0,15 mr/mme.

TakuM YMHOM, NUIAXOM pETYJIOBaHHS OKHCHO-BiJHOBHOTO
MOTEHIlialy CTiYHUX BOJ, 3a0€3MeUyThCS ONTHMAaJbHI YMOBH
(yHKIIIOHYBaHHS ~ Mikpoduiopu B  aepoOHHX yMOBax  OJOKY
Oionoriunoro ouuineHHs. Ile mo3BoJsie mimBUIUTH €()EKTUBHICTH
TEXHOJIOTI] 3arajom, IO KiUTbKICHO BHPAXKAEThCs KpaluM eQeKToM
OYHIIEHHS Ta JOCSTHEHHSM 3HaYeHb OCHOBHMX MOKa3HHUKIB BUXITHOT
BOJIM B MEXax JIOITyCTUMHX KOHIICHTpPALIil.
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LECTURE 2. PURIFICATION OF NATURAL WATERS.
ION-EXCHANGE DESALINATION TECHNOLOGIES

Basic ion exchange processes and technologies
Today, ion exchange processes are used in:
1) water treatment in the heat and power industry, chemical
industry, semiconductor manufacturing, food and pharmaceutical
industries;

2) treatment of electroplating wastewater;

3) extraction of valuable trace elements from natural
waters.

Industrial ion exchange technologies are divided into three

stages:

1) preliminary water treatment;

2) ion exchange process (pre-desalination/softening);

3) final treatment (deep desalination/softening).

Preliminary water treatment involves the removal of
suspended solids and organic matter, which can contaminate the
ionite layer and cause irreversible poisoning.

The preliminary and deep desalination/softening processes are
organised according to the same principle and include four main
stages:

1) A working cycle, during which the water to be
treated passes through the ionite layer, depleting it. The working
cycle ends when the concentration of the exchanged ion in the filtrate
reaches the maximum permissible value.

2) Backwash, which is necessary to loosen the ionite
bed before regeneration and remove insoluble impurities retained in
the bed. After backwashing, the ionite layer is allowed to settle
spontaneously.

3) Regeneration - the process of converting ionite to its
original ionic form by passing a regeneration solution containing
ions of the required grade through the ionite layer.

4) Direct flushing is carried out to remove the
remaining regeneration solution from the ionite.

15



Balance scheme of water treatment for the enterprise «Protein production»

51 m¥hr

Preliminary preparation ‘
) i —_—
{Physico-chemical
treatment unit)

|

Water from a well
V=49 m¥hr
hardness = 9,8 mmol-

eaqv/l
pH=7-85

34 mihr

hardness = 1 mmol-

34 m¥hr

hardness = 1,75-2 mmol-

| Pressure ‘ eqv/l Praliminary softening

| filters ‘—' pH =10,6 I-| [H™ cationisation)
17 m*/hr

Floculant:
21fm?,
0,098 m*/hr

equfl
| pH=7
12 m¥/hr

Reagents: CaOH)z 5%,
81/m?, 0,4 m*/hr

For regeneration of H” cation exchange
filters: HCI 4%,
Vv=3m¥d

Domestic and household
plant

cation exchange filters:
NaCl 6%, V =0,8 m¥/d

For regeneration of Na*

Balance scheme for eluate treatment

Eluates:
V=3,8m¥d
Elates’ content:
Ca’*=2,1g/1 Reagents:
50s"=36,5 8/l V=0,45I/m*
Mg*=2,16g8/1 POLVAK
Na®=10,7 g/l 1,711/d

Reagents: Reagents:
v=85l/m’ v=1121/m?
5% Ca(OH); 10% NayC03
32,31/d 42,56 I/d

l

1
Collector of eluates -‘[

J

||

Recirculator sedimentation tank

(income 3,8 m® of eluates + 1 m? of sludge + 0,08 m® = 4,88 m¥/d) ‘ (

‘ Filter

Sludge
V=1 m*/d or 0,04 m*/hr

Sludge V = 1,2 m%/d

Deep softening
(Na cationisation)

l

hardness = 0 mmol-
eqv/l
PH=6,575

Boiler room

——
y

V=13,68m%d
Ca¥*= 0,035 g/|
S0 =23gM

Mg*2= 0,07 g/I
Na'=12,18 g/l
Cl=32g/

Today, two main technologies are used in water treatment

practice,

which differ

in

the flow pattern:

forward and

countercurrent, which differ in the direction of movement of the
water to be treated and the regeneration solution.

In the case of the traditional and widespread direct-flow
technology, the treated water and the regeneration solution move in
the same direction - they are fed into the upper part of the ion
exchange filter and discharged from the lower part.
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Water supply [ 3 Air valve

T

Empty volume
Py Reagent
-

e

IEX Resin

Collector

Treated water
-

Direct-flow ion exchange filter

In the case of a more modern and economical counter-current
technology, such as UPCORE, the water to be treated and the
regenerating solution move in opposite directions. As a result, ionite
regeneration can be carried out faster and more efficiently, with
lower reagent consumption, less industrial water, relatively low
effluent volume and low overall cost.

—_—
Inert material

(S EERe B

e — — — —

alalaliaal

—_—

UPCORE countercurrent ion exchange filter
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In all cases, the design of ion-exchange technologies begins
with a detailed analysis of the composition of the water to be treated.
The main indicators are the total salt content of water, hardness,
alkalinity, chloride, sulphate, nitrate, silicate acid and organic
organic substances, and the content of suspended solids.

Depending on the requirements to the treated water and the
composition of the source water, a softening or demineralisation
scheme is selected that can be used. After that, the task of selecting
the main technological parameters of ion exchange filters - volume
capacity and linear filtration rate - arises.

Based on the previously selected parameters, the next step is to
calculate the duration of the filter cycle and the volume of water that
can be treated per filter cycle, the amount and concentration of the
regenerating solution, the composition of the wastewater and the size
of the apparatus.

Thus, the design of ion exchange technologies is a complex
engineering task. Today, most manufacturers of ion exchange resins
have developed a system for automated calculations of ion exchange
technologies for their products. For example, Dow Chemical, the
world's largest producer of ion exchange resins, presents CADIX
software for calculating ion exchange technologies based on Dowex
resins and the IXCaik system, which is focused on Amberlite ionites.
The use of such systems significantly facilitates the work of
designers and reduces the time spent on comparative calculations of
several alternative technologies.

Basic technological schemes of softening

In general terms, the softening reaction on cationite can be
written as follows:

RNa*" +Ca*,Mg* +4Cl- [0 R(Ca®,Mg*)+Na" +4Cl .

As a result of the softening reaction, the purified water does
not contain the cations Ca?*, Mg?* as they are replaced by sodium
cations. If it is necessary to obtain softened water with some calcium
and magnesium, a bypass with unsoftened water can be provided.

For softening, strongly acidic cationic compounds in the
sodium form are most often used. Such filters are regenerated with a
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sodium chloride solution (4-8%). Depending on the conditions, an
excess of sodium chloride from its stoichiometric amount (150-
250%) is usually required.

If the source water is characterised by a high salt content,
softening can be carried out in two stages - first with a weak acid
cation exchange agent and then with a strong acid cation exchange
agent. Weak-acid cationics are also used to reduce hardness and
alkalinity in waters with a high content of hydrocarbon ions HCOs'.

A significant disadvantage of ion exchange water softening
processes is the generation of highly mineralised wastewater, which
subsequently mixes with natural water and increases its salt content.
For example, in the USA, where 90% of cottage owners use
household softeners, restrictions are imposed on the maximum
permissible salt content of wastewater discharged into the sewerage
system.

The main direction of development of ion exchange softening
processes is to reduce the consumption and concentration of the
regeneration solution. This can be achieved by using monodisperse
cationic materials, countercurrent regeneration technologies, and a
starvation regeneration mode, in which the upper layers of cationic
material are fully regenerated and the lower layers contain some
previously sorbed ions. The combination of these techniques allows
reducing the excess regeneration solution to 70-80%.

Basic technological schemes of demineralization
By replacing cations with H+ ions and anions with OH- ions,
water can be demineralised. This principle is implemented in
technological schemes with cationic and anionic filters in series. In
this case, after passing through the cationic filter, bicarbonate and
carbonate ions are converted into CO2, which is removed in a
degasser to reduce the load on the anionic filter.
Types of technological schemes for ion exchange
demineralisation:
Strongly acidic cationite — Degasser — Weakly basic anionite
This scheme is used to demineralise hard water. This water
meets the requirements for water for medium pressure steam boilers.
Strongly acidic cationite — Degasser — Strongly basic anionite

19



This scheme produces demineralised water whose quality
meets the requirements of most technological processes. The quality
of demineralised water depends on the type of ion exchange resin
regeneration and the reagents used.

Strongly acidic cationite — Weakly basic anionite — Degasser —
Strongly basic anionite

This scheme allows to obtain demineralised water of the same
quality as in the previous case, but the regeneration efficiency in this
arrangement is significantly increased due to the weakly basic
anionic filter, which is regenerated sequentially after the strongly
basic anionic filter.

Weakly acid cationic — Strongly acid cationic — Weakly
basic anionic — Degasser — Strongly basic anionic

In this case, water with high hardness and alkalinity can be
demineralised. The use of weak acid cationite and weakly basic
anionite can significantly reduce the cost of regeneration.

Weak-acid and strong-acid cationics can also be used in the
same apparatus - a layered filter. This technique is possible because
the density of weak acid cationic materials is lower than that of
strong acid cationic materials. In this case, weak-acid cationics with
a smaller granule diameter can also be used, which improves the
separability of the components during backwashing. Layer-loaded
filters are effective in countercurrent regeneration operation.

—-
] Inert material

] -
IEX Resine loading
node

-

Water-air % =]

IEX Resin unloading

node
] —

- — — — —

Water-air I

lon exchange filter with layer-by-layer loading
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Demineralisation of water can also take place in a mixed bed
consisting of a strongly acidic cationite and a strongly basic anionite.
For this purpose, mixed-action filters are used, in which a series of
cationic and anionic exchange processes take place simultaneously.

Mixed-action filters are mainly used at the final purification
stage. A significant disadvantage of mixed-action filters is the need
for separate regeneration, during which cationite and anionite are
separated and treated with regeneration solutions. At present, mixed-
action filters are being replaced by a fundamentally new technology
of water electrodionisation.

Waste technical

solutions

Treatment of waste technical
solutions

Woashing solutions
v

J— )
Coal-gravel filter

leagents for cation exchange

‘esin regeneration

Cationisation
—_—

Reagents for anion exchange i Eluates for reeyeling
resin regeneration
—_—

Anionisation

Reagents for anion exchange v
—
resin regeneration Anionisation

Treated water for further utilisation

Functional diagram of treatment of concentrated solutions and
rinsing waters of electroplating production

Control on the water treatment processes
The main task of process control in ion exchange plants is to
ensure that the required treatment of the feed water of a given
composition and volume is achieved. The main variable to be
controlled in this case is the permissible duration of filter operation
between two subsequent regenerations.
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The control methods used depend on the specific process
being carried out at the facility. For example: sodium cationisation.
Typically, in sodium cationisation, the process is stopped and the
ionite is regenerated when the hardness of the treated water reaches
the specified maximum permissible value.

lon exchange filters typically measure the following: water
filtration rate, inlet and outlet water pressure. On certain lines, speed
or pressure regulators may be provided. For sodium cationisation, it
is recommended to measure the temperature.

Thus, ion exchange is the most environmentally hazardous
technology for deep water purification, and therefore, the
justification of its application requires preliminary research. The
latter requirement is especially pronounced in connection with the
sharp aggravation of the current environmental situation.

JIEKIIA 2. OYNINEHHA ITPUPOIHUX BO/I.
IOHOOBMIHHI TEXHOJIOT'II [TIOM’ AIKILIEHHS TA
3HECOJIEHHA

OcHoBHi i10OHHO00MiHHI IpoLecH Ta TeXHOJIOTil

CporoHi HOHHOOOMiHHI ITPOLIECH BUKOPHCTOBYIOTHCS Y:

1) migrotoBmi BOAM B TEIUIOOCHEPTEeTHIN, XIMIidHIH
MPOMHUCIIOBOCTI, Y BUPOOHUIITBI HAMIBIPOBITHUKIB, ¥ Xap4yoBil Ta
(hapmareBTHYHI ramysi;

2) OYHMCTII CTIYHUX BOJI TaJhBaHIYHOTO BUPOOHUIITBA;

3) BIITy4YEHHS IIIHHUX MiKPOEJIEMEHTIB 3 IPUPOTHIX BOJL.

[IpomucioBi HOHHOOOMIHHI TEXHOJIOTIT YMOBHO TOMALUISIOTH
Ha TPH CTaIii:

1) nonepeHst miArOTOBKA BOJIM;

2) mnporec #HOHHOrO OOMiHY (IIOIIEpEHE 3HECOJICHHs/
MOM’ SIKIIIEHHST );

3) ¢inimHEa ouncTKa (MIMOOKE 3HECOIEHHS/ TIOM’ SIKIIICHHS ).

Tlonepeous niocomoska 800U NONA2AE Y BUOATEHI 36AICEHUX
YacmoKk ma OpPeaHiuHUX peyoeuH, sIKi npu3eo0sams 00 3a0pyOHeHHs
wapy Uoximy ma 1o2o He360POMHbLO20 OMPYEHHSL.
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Ilpoyecu  nonepednvoco i  enubokozo  3HeconeHHs/
NOM 'AKWIEHHs OP2aHi308aHi 3 OOHUM HPUHYUNOM MA BKIHUYAIOMb
YOMUPYU OCHOBHI CMaoii:

1) Pobouuti yuxn, 6 x00i K020 600d, WO OHUWAEMbCS,
npoxooums wiap UOHIMYy, BUCHAXYIOUHM Horo. PoOoumit 1uKi
3aKiHIYEThCSA KOJHM KOHIIEHTpAIlisi 0OMIHIOBaHOTO HOHY y (iibTparti
J0CsiTa€ TPaHUYHO AOMYCTHUMOTO 3HAUYEHHS.

2) 3sopommsi npomueka, wo HeobXiOHa ONsl PO3NYULYBAHHS
wapy UoHimy nepeo peceHepayiclo ma BUOANIeHHA HepO3UUHHUX
domiwox, wo 3ampumani y wapi. Ilicist 3BOPOTHOI IPOMHBKY IIapy
HOHITY Aal0Th MEMOBUIBHO OCIiCTH.

3) Pecenepayis — npoyec nepesody UOHINMYy y 6UXIOHY UOHHY
dopmy wWAAXOM NPONYCKAHHA Yepe3 U020 Wap pe2eHepayiinozo
PO3YUHY, WO MICMUMb HOHU HEODXIOHO20 COpMY.

4) Ilpsma npomuska — 30iUCHIOEMbCS 0Nl GUOALCHHS 3
LOHIMY 3aMTUWKY Pe2eHepayiiHo20 PO3UUHY.

Baaancosa cxema Bo/lonijiroToskn st nimpuemcrsa «Protein production»

51 m"/rox 34 M'ro; 34 m'ron
M =1,75-2 mmonb-exs/n 2 T
Monepeans nigroToska } I Hanipwi I oH=106 nom’AKwWweHHs (H X = 1 mmons-exs/n

(Bnok dizuko-ximiunoi [~ ] $inoTpH =7 A wioysaen) I l pH=7
04MCTKH) 17 s¥/roz
OOKYNRHT: 2 12 mVrox

/v,

0,098 m*/roa
t Tanboxe
Ana ji dinbTpis H* G
NOM'AKWEHHA
HC1 4%, n )
3 I3 KAaTIOHYBAHHA
V = 3 ¥/a06a (npommexa 1 pas Ha aoby) v
Bopa 3 CBEPANOBUHA l
V=49 m¥froa Tocnoaapcsko-nobyTosi
¥ = 9,8 mmons-exs/n cnopymm ¥ =0 mmons-exs/n
pH=7-85 [— PH=6575
[Ans perenepauii gpincTpis '

Na* karionysanua: NaCl
6%, V =0,8 m*/aoby Kotenbua

(npomusxa 1 pa3 wa aoby)
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Bazacosa exema ofpobrn enoatin

Enoah;
V= 3,8 W/noby
Cxnap enoarie:
Ca*'= 2,11/n Pearenh PearenTy PearenTh
S04 =365 1/n V=045 A/’ V=85a/m V=112
Mg?=2,161/n Nonsaka 5% Ca(OH), 10% Na,CO,
Na*=10,7¢/n 1,71 /a0y 32,3 n/poby 42,56 /o6y
36ipHmK emoaria - BiacTiinuk peumabkynaTop ]- [TWW
] (HaaxoauTy 3,8 M’ enioaria + 1 M’ ocagy + 0,08 = 4,88 m'/aoby) I
V = 3,68 /06y
Ca**= 0,035 /n
Ocap sig Byana ocaje: 0 =231/n
Na'= 12,18 /n
Q=32e/n

CporomHi y  TpakTUIl  BOJIOMIATOTOBKK  3HAXOISATh
3aCTOCYBaHHS JIBl OCHOBHI T€XHOJIOTII, SIKi BiJIPi3HSAIOTHCS 32 CXEMOIO
MOTOKIB: MPAMOTIYHA 1 MPOTHUTIYHA, IO BiAPIZHAIOTHCS HATPSIMKOM
PYXy BOJIH, III0 OYHIIAETHCS Ta PETCHEPALiiHOTO PO3UNHY.

Y eunaoky mpaduyitinoi ma wupoxo po3noecio0HceHol
nPAMOMIYHOI  MexHoNo2il 8004, wWo  00poOILEMbCA ma
peceHepayitinull - po3duH  pyxaromecsi 6 OOHOMY HANPAMKY ——
nooalomvcsi 'y 6EpXHIO YACMUHY UOHHOOOMIHHO2O pinempa ma
BUBOOSIMBCSL 3 HUIICHBOI.

Tooaua eoou Togimpanuii
B it 1o Al
Kanax

BinbHuti 00'em Hooava
pezenepamy
-

Honim

Konexmop

Bioeio eoou
—

[psMoTiyHmii HOHHOOOMIHHMEA QUIBTP

YV eunaoky 6Ginvw cyuacnoi ma exoHomiunoi npomumiyHoi
mexnonoeii, nanpukiad UPCORE, 600a, wo obpobasiemvcs ma
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peceHepyouUll pO3YUH PYXAombCs Yy NPOMUNEHCHUX HANPAMKAX. 3d
PAXYHOK Yb020 pe2eHepayis UoHImie Modxce 6ymu 30ilUCHeHa weuoule
ma egexmusHiule, 3 OUTBII HU3bKOIO BUTPATOIO PEAreHTiB, MEHILOO
KUIBKICTIO TIPOMHCIIOBUX BOJ, BiJHOCHO HEBEIUKUM 00’€MOM CTOKIB
Ta HA3BKOIO 3arajbHOI0 CO0IBaPTICTIO.

Inepm

OO =Lk

- — — — — -

alalalal

—_—

[potutiunuii ionnoooMinaui ¢ineTp UPCORE

YV ecix eunaokax npoexmyeanHs HOHHOOOMIHHUX MEXHONO2I
NOYUHAEMbCST 3 JICTANBHOTO aHAMI3Yy CKAAdY 600U, IO MiUISIrae
HOHHOOOMIHHIN 00po0Il. OCHOGHUMU NOKAZHUKAMU € 3A2ANbHULL
CcoNe8MiCm 800U, JCOPCMKICMb, JIYICHICMb, 8MIC  X10pudis,
cynrbghamis, Himpamis, KOHYeHmpayii cunikamuoi Kuciomu i
OP2AHIYHUX PEYOBUH, BMICI 36AICEHUX PEYOGUH.

B 3anesxcnocmi 6i0 eumoe 00 ouuwyenoi 600u ma cxkiady
BUXIOHOI 800U BUOUPAIOMb CXeMY NOM AKUEHHS YU OeMinepanizayil,
sKa MOXKe OyTH BUKOpHCTaHa. [liciss uoeo nogcmac 3a0ava eubopy
OCHOBHUX MEXHOJIOSTYHUX NAPAMEmpié UOHHOOOMIHHUX (Ditbmpie —
00 eMHOI nPOOYKMUBHOCMI ma HIHIUHOI WeUOKOCHI (Pitbmpy8aHHs.

I'pynTytounce Ha panim BHOpaHUX Tapamerpax, O0aui
nPOBOOUMBCS. PO3PAXYHOK MPUBANOCMI DINbMPOYUKIy ma 06’ emy
600U, SIKA MOXCEe OYMU OYULEHA 3a OOUH DITbMPOYUKT, KITbKOCMI i
KOHYeHmpayii pe2eHepyiou020 po3YUuHy, CKIA0y CMIUHUX 600 ma
pO3MiIpi8 anapamy.

TakuM YMHOM, NPOEKTYBaHHS HOHHOOOMIHHUX TEXHOJIOTiH
sBIIsIE COO0I0 KOMIUIEKCHY 1HXKeHepHY 3axauy. Cvbo2oowi Oinvuticms
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B8UPOOHUKIE  UOHHOOOMIHHUX ~ CMOA  po3pobunu  cucmemy
ABMOMAMU308AHUX PO3PAXYHKIE UOHHOOOMIHHUX MEXHON02il Osl
ceoix npooykmis. Tak, Hampuknan, kommanis Dow Chemical,
HalOIpIIMIA  CBITOBUH BUPOOHUK HOHHOOOMIHHHMX  CMOII,
npencraBiusie mporpamHui mpoaykt CADIX — ams pospaxyHKiB
HOHHOOOMIHHMX TEXHOJIOTIH, IO TPYHTYIOThCS Ha BHUKOPHCTAaHHI
cmon Dowex, i cuctemn I[XCaik, mo opieHTOoBaHa Ha HOHITH
Amberlite. Buxopucmannuss maxux cucmem cymmeso obnecutye
pobomy npoekmanmie ma CKOpouye sumpamu 4acy Ha MOPIBHSIIBHI
PO3paxyHKH ACKUTBKOX aJbTePHATUBHUX TEXHOJIOT1H.

OcHOBHi TeXHOJIOTiYHI CXeMHU MOM’ SAKIIIEHHS

VY 3aragbHOMY BHIJISJII PEaKilis MOM’SKIIEHHS Ha KaTIOHITI
MOJKe OYTH 3alKcaHa HaCTYITHHM YHHOM:

RNa*" +Ca*,Mg* +4Cl ] R(Ca’,Mg*)+Na" +4Cl"

Y pesyiomami peaxyii nom sikuiemHs OuuUWeHd 8004 He
Mmicmumv xkamionie Ca®" ma M92+, maxk SK GOHU 3aMIWAIOMbCS
KamioHamu Hampiro. SIKIo HEOOXITHO OTPUMATH MTOM SKIIIEHY BOIY
3 JIeIKUM BMICTOM KaJIbIIif0 Ta MarHilo, MOke OyTH OpraHi3oBaHHA
Oalinac HeTmoM AKIIEHOT BO/IOIO.

s nom’skwienHa uacmiuie B8Cb020  GUKOPUCHOBYIOMbCS
CUNILHOKUCAOMHE Kamionimu y Hampieeitl popmi. Pecenepayiss maxux
Ginempis 30ilicHIOEMbCA  po3yuHOM Hampitl xaopudy (4-8%). B
3aNeHCHOCII 8i0 YMO8, 3a38Utall NOmpedYeEmMbCsi HAOIUUOK HAMPIll
X10puoy 6iod tioeo cmexiomempuunoi kinokocmi (150-250%).

Axwo  euxiona  600a  Xapakmepuzyemvcs — BUCOKUM
CONIeBMICMOM, NOM SIKULeHHS MOdice Oymu peanizo8ano y 06i cmaodii —
CROYamKy Ha CNAOKOKUCIOMHOMY, d HOMIM HA CUNbHOKUCIOMHOMY
KamioHimi. Cnabxokuciomi KamioHimu MaKoorc
BUKOPUCTNOBYIOMBCSL OJIsL SHUIICEHHS MEEPOOCMI I IYHCHOCHI ) 800aX

3 BUCOKUM BMICIOM 2i0pOKapOOMan-uoHie HCO; .

Cymmeeum HeOOoMiKOM HIOHHOOOMIHHUX npoyecie
NOM 'SSKUWEHHS 800U € YMBOPEHHS BUCOKOMIHEPANIZ08AHUX CIMIYHUX
6800, AKI 32000M SMIWYIOMbCA 3 NPUPOOHUMU 800AMU MA

soinbuyroms  ix conesmicm. Tak, B CIIA, ne mnobyroBuMu
[OM SIKITyBa4aMH KOPUCTYIOThCst  90% BIIACHHKIB  KOTE/IXKIB,
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BBOZSITHCS OOMEKEHHS Ha TPAHUYHO JOITYCTUMUN CONIEBMICT CTITHOL
BOJIM, IO CKUIAETHCS Y CUCTEMY KaHalIi3allii.

OcHo6HUM HANPAMKOM PO3GUMKY NPOYECi8 OHHOOOMIHHOZ0
NOM SAKWIEHHA €  3HUDICEHHA  GUMpAmMu  ma  KOHYeHmpayii
pecenepayitinoco  pozuuny.  Llboco  moociueo  docseHymu,
BUKOPUCMOBYIOUY — MOHOOUCNEPCHI  KAMIOHIMU,  mexHonocii 3
NPOMUMINHOIO — peceHepayicio, a MAKoANC PedCUM  20A00HOT
pecenepayii, pu  AKOMY BEpXHI IIapu KaTIOHITYy pereHepoBaHi
MOBHICTIO, a HWKHI MICTATh AESIKY KUIBKICTH paHim copOOBaHUX
WoHIB. [locoHanHs 3a3HAYEHUX NPUUOMIE  O0380IS€  3HUUMU
HAOIUWoK pezenepayitinozo pozuuny oo 70-80%.

OCHOBHI TeXHOJIOTiYHi CXeMH 3HeCOJIeHHSA

Lnsaxom 3aminu xamionie na tonu H' i anionie na OH
ModicHa Oeminepanizysamu 600y. Lleil npunyun peanizyemocsa y
MEXHONOSTYHUX CXeMAX 3 NOCTIO08HO BKIIOUEHUMU KAMIOHIMOGUMU
ma aHioHimosumu ¢inempamu. Ilpu yvomy nicia npoxoOHCeHHs
KamioHimogozo ¢hinempa 2iopoxapboonam- i KapOOHam- UOHU
nepexooams y COs, axutll 6UOAIIEMbCs y 0e2a3amopi 015 mozo, wood
SHU3UMU HABAHMAICEHHSL HA AHIOHIMOBUIl Qinbmp.

Buou mexnonoziunux cxem tionHO0OMIHHOT Oeminepanizayii:

CHIIBHOKUCIIOTHHH KaTioHIT — Jlerazatop — CiiaGKOOCHOBHHH

AHIOHIT
IJn  cxema euxopucmosyemvcs — 0na  OeMiHepanizayii
arcopemroi goou. Taxa 6oda  @ionogioac  GumMozam, wo

npeo 's6110mbcsi 00 800U OJisi KOMJIG 3 8UPOOIMKOM 8005HOL napu
CcepeoHb020 MUCK) .
CribHOKHMCIOTHUHM KaTioHIT — Jlerazatop — CHIBHOOCHOBHHUU
AHIOHIT

I[a cxema 0o36onse ompumamu Oeminepanizo8any 600y,
sAKicmb  SKOI  3A0080AbHAEC BUMO2AM  OLILULOCIT  MEXHONO2IYHUX
npoyecig. SIKiCTb JeMiHEpaNTi30BaHOI BOOU 3AJICKUTh B THITY
pereHepaiii ~ HOHHOOOMIHHMX  CMOJ  Ta  pEareHriB, IO
3aCTOCOBYIOTHCSI.

CHUIbHOKHMCIOTHUH KaTioHIT — Cl1laOKOOCHOBHHY aHIOHIT —
JHerazarop — CUIbHOOCHOBHHI AHIOHIT
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Taxa cxema 0038075€ ompumamu OeMiHepani308aHy 800y
mMaxoi e AKocmi, AK iy nonepeoHbOMY UNAOKY, djle eheKmUSHICMb
pecenepayii npu maxiti KOMHOHOBYI CYMMEBO NIOBUWYEMbC 3a
PaxyHox  @hinempa 3 CIAOKOOCHOGHUM — AHIOHIMOM, — AKUL
pezeHepyembcs  NOoCHi008HO nicia  @inempa 3 CUTLHOOCHOBHUM
AHIOHIMOM.

CnaOKOKHMCIOTHUH KaTiOHIT — CUIBHOKUCIOTHHIA KaTiOHIT—
Crabk00CHOBHUH aHiOHIT —/lerazarop —CHIFHOOCHOBHUH aHiIOHIT

Y maxomy eunaoky oOeminepanizayii mosce 6ymu niooaua
600a 3 BUCOKOI JICOPCMKICIO ma JydcHicmio. 3acmocyeanhs
CAAOKOKUCIOMHO20 KAMIOHIMYy ma CIaOKOOCHOBHO20 —AHIOHIMY
00380JI51€ CYMMEBO CKOPOMUMU BUMPATNU HA peceHepayiio.

Cnabroxuciomui [ CUTbHOKUCIOMHI  KAMIOHIMU  MOJICYMb
MAK0C BUKOPUCTMOBYBATIUCL 8 OO0HOMY anapami — @Qitempi 3
nowaposum 3aganmadicennsam. Takwii TEXHONOTIYHUN TpUHOM
MO>KJIMBHH, TaK K IJIBHICTH CIA0KOKHMCIOTHUX KaTIOHITIB MEHIIIE
LITBHOCTI CHJIBHOKUCIIOTHHX. Y IOMY BHIAAKYy TaKOX MOXYTb
BHKOPHCTOBYBATHCH CTa0OKOKHCIIOTHI  KATIOHITH 3 MEHIIUM
IiaMeTpoM TpaHyJ, [0 MOKpAIly€e PO3AUTIOBaHICTh KOMIIOHEHTIB
MpU 3BOPOTHIHM NpoMuBILi. Dinzbmpu 3 NOWAPOBUM 3A6AHMANCEHHIM
eghexmueHi npu poOoOmi y pescumi 3 nNPOMUMIHHOIO Pe2eHePayicro.

—
l 8 Inepm

)
Hopm 3A6AHMANCEHHA
cMonu

=
=

Booa / nogipa

e s

Hopm BUBAHMANCEHHA

CB cMmonu
] —>

e — — — — -

Booa / nogimpa )

HonHnooOMiHHMI GiNbTp 3 MOMIAPOBUM 3aBaHTAKEHHSM
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Heminepanizayia  800u  modxce mMaKoxc nNpoxXooumu y
SMIWAHOMY Wapi, WO CKAAOAEMBCA 3 CUNLHOKUCTOMHO20 KAMIOHImy
i CUnbHOOCHO8HO20 awionimy. JIAs 1€l 1T 3aCTOCOBYIOTHCS
¢binpTpu 3MimmaHoi Aii, y SKMX 0OJHOYACHO MPOXOAUTH Cepisl POLIeCiB
KaTiOHHOTO 1 aHIOHHOTO OOMIHY.

Qinbmpu 3miwanoi Oii 8 OCHOBHOMY 3ACMOCO8YIOMbCA HA
cmaodii  Qiniwnoi  ouucmku. Cymmesum HeOONiKOM pinbmpie
smiwanoi 0ii € HeobXiOHicMb nposedenHss po30LIbHOI peceHepayil,
M Yac SKOi KaTiOHIT 1 aHIOHIT PO3OUISIOTECS 1 0OpOOITIOTHCS
pereHepamiiHUMH po3uMHamMu. B TenepimHid dYac Ha 3MiHY
¢inpTpaM 3MimaHoi 1ii MPUXOAWUTH NPUHIMIIOBO HOBA TEXHOJIOTIS
eJIEKTPO IeHOHI3aIIi{ BOIH.

OuuieHHs CTIYHUX BOJ raJbLBAHIYHOr0 BHPOOHUIITBA

Bioomo, wo ouuwenns cmivHux 600  2ANbLBAHIYHO20
B8UPOOHUYMBA PO3NOYUHAIOMb 3 IXHbOI 0OPOOKU HA KAMIOHIMOBOM)
Ginempi i3 cyrbghoepynor, aKka mMae HauOiibuly cnopioHericmv 00
bacamo3apsaonux UOHI8 Memanie CMIYHUX 6800 2aNb8AHIYHOZ0
8uUpoOHUYmMEa (3NATHICTh B3aEMOISITH 3 OaraTo3apsIHAMH HOHAMU).

Hocunenns euweskazanoi 63aemMo0ii 3yMOBII0E HeOOXIOHICMb
3ACMOCYBAHHS HAOTUWKY Peacenmis 0isi peceHepayil.

Y rtexHosorii, 34e0UIBIIOTO0  NPAKTUKYIOTH  XIMI4HY
pEreHepallito KaTioHITIB KUCIIOTAMH.

3 oensdy ma me, wo Onsi nNo6HoI pezenepayii kamiowima y
Hampiegitl popmi nompiben 2,5 Kpamuuii HAOAUUWLOK KUCIOMU, WO
8IONOGIOHO 0OMeENCYE 3ACMOCYB8AHHA el0amis (pecenepayitiHux
PO3uuHie) 05 iXHbOI ymunizayii.

Hicns kamionnoeo 0bMminy 600y nidoaroms dekapOonizayii O
suoanenns xapoon (II) oxcudy ma moociueocmi nposedenHs
amionnozo oominy. Ilpoyec amionnoeo 006MiHYy peanizogyromo
NOCHIO06HO CHOYAMKY HA HUZLKOOCHOGHUX, a4 Oali HA BUCOKO
OCHOBHUX AHIOHOOOMIHHUX inbmpax.
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Bijupangosani Tex.

PO3HUHH 3HELUKOAKEHHA BiANPALBLOBAHMUX

TEXHONOMYHUX PO3UMHIB

TIpoMHBHI PO3UMHH
L 4

> Byrinna-rpasiiHuii ¢inbtp

PearcHTu juis percHepanii

y

KaTIOHITY
KaTioHyBaHHA (CUNbHOKMCAOTHUM
—_—r
KaTioitom)
PearenTh 18 perenepangi l EmoaTy Ha 3{eIIKO/DKEHHS
Auioniry » AHioHyBaHHA (cNabooCHOBHMM ™ pexynepa“L'[ui INLHHAK

o R L1111 O —
aHioHiTOM) »

PearcuTs /7151 perenepanii I
aHioHiTY

AHIOHYBaHHA (CMNBHOOCHOBHMM

aHioHiTOM)

3uecpiieHa Bojia Y BHPoSHHIITBO

2

OyHKITIOHATEHA CXEMa OYHUIIICHHS KOHIICHTPOBAHUX PO3YMHIB Ta
MIPOMUBHUX BOJI TAJIbBAHIYHOTO BUPOOHHUIITBA

Kountpoas 3a npouecom 00podxu Boau
l'os10BHA 3aj1a4a KOHTPOJIIO 33 MPOIIECOM Ha HOHHOOOMIHHUX
YCTaHOBKaX IOJISATa€ B TOMY, 100 3a0e3MeunuT HEoOXiIHy 00pOOKy
BUXIZTHOT BOAM 3amaHOro ckiaay ta 00’eMmy. OCHOBHOIO 3MiHHOIO
BEJIMYMHOIO, IO IMiJISTAE B [[bOMY BHIIQJIKy KOHTPOJIIO € JIOMYCTHMA
TpUBaJicTh  poOOTH  QUIBTPIB MK  JIBOMa  HACTYITHUMH
pereHepaIisiMH.

CrocoOu KOHTPOJIIO, IO 3aCTOCOBYIOTBCS 3alieKaTh BiJ
KOHKPETHOTO TMpolecy, IO 3IiHCHIOEThCS Ha JaHiil ycTaHOBII.
Hanpukman: Harpiii KaTioHyBaHHsA. 3a3BWYail TpU  HATpii
KaTiOHYBaHHI 3yNUHSETHCS TPOLEC 1 MPOBOAMTHCS pereHeparis
HOHITY B TOM MOMEHT, KOJIH >KOPCTKICTb BOJH, IO OOpPOOJISETHCS
J0csITae 3aJIJaHOT MAKCUMAITLHO JIOITYCTHMOT BETMYMHHU.
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Ha fiorHOOOMiIHHMX (imbTpax 3a3BHYaii  BUMIPIOIOTH:
MIBUKICTH (iIBTPYBaHHS BOJH, HAMip BOIU Ha BXOJIi Ta Buxoni. Ha
MEBHUX JIHISAX MOXYTh OyTH mependayeHi peryisiTopH IIBHIKOCTI
abo wmamopy. Ilpm HaTpili KaTiOHyBaHHi, PEKOMEHIOBAaHO
BHMIPIOBATH TEMIIEPATYPY.

TakuM 4YMHOM, HOHHHMM OOMIH — Il€ HaHOIIBLI €KOJOIIYHO
HeOe3nevyHa TEXHOJOTIS Ui THOOKOr0 OYMILEHHS BOIH, a TOMY
OoOTpyHTYBaHHS  HOTO  3acTOCYyBaHHS  IOTpeOye  TMOmepenHix
JIOCTiKeHb. BuMora ocTaHHROTO OCOONIMBO BHpa3Ha y 3B’SI3KYy i3
PI3KHMM 3arOCTpPEHHSIM Ha Cy4aCHOMY €TaIli eKOJIOTIYHOT CUTYAIlil.

LECTURE 3. WASTE PROCESSING. WHEY AS A
VALUABLE FOOD PRODUCT

Whey is a multi-component system obtained after the
extraction of fats and proteins from milk; it is a homogeneous
mixture consisting of dissolved substances and an aqueous
environment. In whey, proteins, fats, carbohydrates, and water-
soluble vitamins are in a molecularly dispersed state, and minerals
are electrolytically dissociated and form hydrated ions. Each
component of this complex polydisperse system has its value. With
the development of the whey utilisation issue, a new approach has
been developed, according to which whey today is considered the
nutritional power of the future. To comprehensively and
systematically reveal the value of all whey components, in this
review it is proposed that these components be considered within the
framework of the nutritional value concept, which will enable a
description of the energy potential along with outlining the potential
to meet the physiological needs of a human organism (Fig. 1).

In analysing the nutritional value of whey, it is necessary to
reveal the full range of useful properties of its components, including
providing the physiological needs degree of a person in basic
nutrients and energy. These valuable properties are based on data
connected with the chemical composition of whey, considering its
potential consumption in appropriate quantities. Moreover, not only
should it be the content of biologically active food substances that
should be determined, but also their ratio, digestibility, and good
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quality. In order to analyse the nutritional value of whey, a list of
narrower concepts was chosen, which will be revealed below, in
particular: energy value, the biological value of individual
components (proteins, fats, carbohydrates, vitamins, minerals),
physiological value and physiological activity.

The relatively balanced and low-calorie content of whey
makes it attractive from the utilisation point of view. It can be
utilised for the organisation of rational nutrition according to certain
types of diet, after appropriate preparation or in its raw state, for
weight loss and sports purposes in particular. However, in its raw
form, whey can only be used in limited cases.

85

68

- —

< n

(@]

> & o

g <

=

>

>

20

[0}

S
YOGURT KEFIR (1% MILK (1%  BAKED WHEY
(1.5% FAT) FAT) FAT) MILK

Currently, cheese production is undertaken through two main
types of production: 1) production of products corresponding to
traditional technologies and equipment (farms, craft productions) and
2) production of products using modernisation complexes in the
direction of full automation of technological process control and
maximisation of protein curd extraction. In the production of cheese
according to the second type, an increase in the yield of protein curd
is achieved by the initial stabilisation and normalisation of the
original milk with the addition of food additives, periwinkles, flavor
enhancers and substitutes, and antibiotics, as well as by the use of
powerful synthetic enzymes at the curd extraction stage, which
through biochemical reactions cause processes of maximum gluing
of protein components. Whey after such a production process cannot
be used for further processing or its direct consumption in raw state.
When the obtained whey comes from the first type of cheese
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production, it has a high potential for further processing and can also
be used in a raw state for the organisation of rational nutrition.

FEeveals the fullrangeof whey beneficial
properties, mcliding the degreeof
physiologicalneeds provision of humans in

Energy
value

Proteins: 13,7kJ
Fata: 14 4kT
Carbohydrates: 82 kJ

Protems
Fats
Carbohydr

Proteins - fractional composition and
ezzentialammo acids;
Fatz-bmited / phospholipid content;
Carbohydrates - lactose content;
Vitammsz - A, Betacarctene E_

Biological
value irreplaceable

/ Protems - support of most body systems, _-\
antiviral effect/ fractionated and complex;
Fatz-limited;
Carbohydrates support the cardsovascolar,
digestive, immuneand nervous systems of
the body;

Vitamins - metabolism, supportofthe
.\_ inmune, sexual, cardiovascularand -/

Effectof
compaonents
Oof OrEanism

Physiologi
calvahe

Physiolog: Lactic-acid Stabilisation of mtestinalmicroflora and
calactmiy MLICIOOrZars digestive system m general

Fig. 1. Nutritional value of whey and its components

The biological value of whey can be determined by the
presence of irreplaceable components that are not synthesised in the
human body or are synthesised slowly and in limited quantities.
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When characterising the biological value of whey, the biological
value of proteins, fats, carbohydrates, vitamins, and minerals will be
separately considered.

[ Whey'sbiologicalvalue

* Essentialamino acids content

Protes
[ otems # o-lactalbumin, f-lactoglobulin and ghycomacropeptide content

[ Fats

™\
A

» Fatty acids content
» Phospholipids content
» Limited by low contentof polyunsatumted fatty acids

r
o

TITTT

. » Lactose content
[ Carbohydrates » Oligoza ccharides content
l Vitamins » Vitaminz of group B content
» Beta-carotene content
y Macroelements content (K, Ca, P, Na)
Minerals * o
[ e » Microelements content (Fe, Zn, Se)

Biological Value of Whey Proteins

Whey proteins constitute about 14% of all whey dry
substances and have a wide range of fractional compositions (Table
2). The percentage ratio between the main protein fractions can vary
depending on the type of whey, which is determined by the
production of which cheeses comes from. Moreover, twenty-two
amino acids are involved in the processes of homeostasis of the
human body, of which 8 (leucine, isoleucine, tryptophan, valine,
threonine, lysine, methionine, and phenylalanine) are indispensable
because they are not synthesised in the body. Considering the
complex nature of all whey proteins, all essential amino acids are
present in whey in high concentrations; their mass fraction in whey
protein is shown in Table 3. Additionally, the amino acids are
absorbed and assimilated by the body to a greater extent than from
other protein sources such as wheat, corn, and soy. That is, the
biological value of whey proteins is largely determined by the high
degree of correspondence of amino acid composition to the body's
needs for amino acids for protein synthesis.
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Table 2.

Fractional composition of whey proteins

Ne Protein fraction Content in
whey protein,
%
1 B- lactoglobulins 30-50
2 a- lactalbumins 20
3 Bovine serum albumin 8
4 Immunoglobulins 10-15
5 Lactoferrin 15-2
6 Lactoperoxidase 0,5
7 Glyco-macropeptide 15-20
8 Proteose-peptone fraction 8-10
9 The smallest (Osteopontin, Lysozyme, 1-2
Chatepzin, Ryblnuclease I, Acid
Phosphatase)
Table 3.
Mass fraction of essential amino acids in whey protein
Ne Amino acid The mass Protein "Perfect"
fraction, % | content, protein,
9/100 g g/100 g
1 Leucine 9,5 12,3 7
2 Isoleucine 6,0 6,2 4
3 Tryptophan 2,2 3,4 3,5
4 Valin 6,0 57 5
5 Threonine 6,9 5,2 4
6 Lysine 8,8 91 55
7 Methionine 19 2,3 3,5
8 Phenylalanine 2,3 4.4 6,0

Several protein fractions occupy a leading place in the supply

of different types of amino acids to the human body. B-lactoglobulins
are a source of essential amino acids with a branched chain (leucine,
isoleucine, and valine), a-lactaloumins are a source of more than
60% of all amino acids of whey proteins, in particular essential and
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branched. Bovine serum albumin (BSA) is a source of more than 538
amino acids, and lactoperoxidase contains 612 amino acid residues.
Glyco-macropeptide, which is rich in leucine, isoleucine, and valine,
while at the same time lacking phenylalanine, deserves special
attention. Therefore, it is a valuable ingredient for patients with
phenylketonuria - a disease in which the body is unable to metabolise
phenylalanine, which leads to impaired brain development. It is the
absence of phenylalanine that makes the glyco-macropeptide, as a
whey protein fraction, biologically valuable in the reverse order. In
general, each protein fraction as well as each of the essential amino
has a certain physiological value, bringing beneficial effects for
individual systems of the human body, which will be revealed in
3.3.1.
Biological VValue of Whey Fats

Like the protein content, the milk fat content of whey does not
have a stable value and varies depending on the type of whey and
whether it has been separated. Milk fat is better absorbed by the
human body compared to other sources of fat. For whey from cheese
production, the fat content is 0.04-0.6%; from the production of soft
cheeses - 0.2-0.3%; and for the production of casein, it is 0.3%. The
generally accepted average content of milk fat is up to 0.5%, up to
7.7% of its content in milk. Whey milk fat is a mixture of esters of
triatomic alcohol glycerol and fatty acids, which contains ten
saturated and ten unsaturated fatty acids, totaling more than 200 fatty
acids. This content of fatty acids qualitatively and quantitatively
distinguishes it from other types of food fats, which partially justifies
its biological value for the human body. However, the main factor
determining the biological value of whey fats is the content of
polyunsaturated fatty acids in them. In whey, it is insignificant,
particularly in polyunsaturated fatty acids such as linoleic, and
linolenic. An insufficient supply of linoleic acid causes a violation of
the arachidonic acid biosynthesis in the body, which is included in
large quantities in its structural lipids. A balanced diet should contain
8 to 10 g of these acids, which are not synthesised in the body.
Unfortunately, their mass fraction of the total whey fatty acid
composition is about 0.2%; that is, they must be present, which limits
the value of whey fats.
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Considering the biological value of whey fats, it is also
advisable to mention that the composition of fatty membranes
includes phospholipids, in particular lecithin, sphingomyelin, and
kephalins, which are the most important representatives of complex
lipids containing alcohol residues, fatty acids, phosphoric acid, and
nitrogenous compounds. They have a specific physiological value for
the human body, which will be revealed below. Thus, it can be
concluded that the biological value of whey milk fat is limited,
considering the significant content of fatty acids and the poor content
of polyunsaturated acids in all types of whey.

Biological Value of Whey Carbohydrates

The composition of whey carbohydrates is similar to that of
the original milk: about 90% of all whey carbohydrates is lactose
disaccharide (Fig. 5). Arabinose, lactulose, and amyloid are also
present in the whey. With the traditional method of milk processing,
about 96% of lactose is transferred from milk to whey. For whey,
from the production of cheese, the lactose content is 3.9-4.9%; for
the production of soft cheese: 3.2-5.1%; and for the production of
casein: 3.5-5.2%. The biological value of whey carbohydrates lies
precisely in the entry of a significant amount of lactose into the body,
which decomposes into glucose and galactose. Lactose is an
excellent source of energy (carbohydrates are the predominant
energy component of whey) and provides various favorable effects,
which will be described in 3.3.3. Along with this, the biological
value of carbohydrates is limited due to the high percentage of the
population with hypolactasia. Hypolactasia is common in different
parts of the world, from 5 to 100% of the population. Particularly,
close to 5% in Northern Europe, 35% in Eastern Europe and 100% in
Southeast Asia. This prevalence of hypolactasia indicates that for a
significant part of consumers, the hydrocarbon composition of milk
whey is unacceptable for consumption and, as a result, has no
biological value.
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Moreover, in describing the biological value of whey
carbohydrates, oligosaccharides content which are associated with
improved health outcomes in infants and gut health, should be
considered. Mature bovine milk contains limited amount of
oligosaccharides (BMO) (i.e., 100 mg/l), consisting mainly of acidic
and neutral BMO, the amount of which decreases rapidly during
further processing, in particular cheese production. However, studies
have shown the presence of more than 20 oligosaccharides in whey
permeate, half of which have a similar composition to those in
human milk. The latter highlight the need for further research
regarding the potential of whey oligosaccharides tilizing n in
infant formula and pharmaceutical products. For example, the
content of human-milk oligosaccharide 3'SL (up to 94 mg/l) was
determind in colostrum whey permeate. Further, an increase in the
purity (ca. 98%) of BMO in colostrum whey permeate was achived
by nanofiltration. Additionally, there are several recent studies on the
production of galacto-oligosaccharides from whey tilizing
commercial [-galactosidase, which have shown an alternative
perspective of whey as a source of oligosaccharides. Therefore,
despite the low content of oligosaccharides, whey has the potential to
become a source of biotherapeutic oligosaccharides and provide new
options for the dairy industry in the future.

Biological VValue of Whey Vitamins
Whey contains many fat-soluble and water-soluble vitamins,
which, when ingested, participate in cellular and tissue metabolism
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and substantially affect the functional state of many physiological
systems, the reactivity of the body, and its protective mechanisms.
The following groups of vitamins are present in whey: fat-soluble -
A, E, Beta-carotene; water-soluble - Bi, Bz, Bs, Bs, Bo, B4, Bs. Such
an exhaustive list is a major factor in the overall biological value of
whey. The content of some whey vitamins is shown in Table 4. In
addition, particular vitamins have individual properties that add to
the biological value of whey. As an example, beta-carotene is a
provitamin that can be converted into vitamin A if the body needs it,
thus providing all the necessary beneficial effects; it also has the
ability to accumulate in the subcutaneous tissue with excessive
consumption without harming the body. Vitamins B; and B:
(thiamine and riboflavin) ensure the conversion of nutrients into
energy; they participate in the body’s energy supply processes.
Generally, vitamins of group B, which are contained in most
products from the average daily diet of a person, are predominant in
the whey composition. Therefore, although the risk of a deficiency of
these substances is minimal, an individual may have a greater need.
Studies show that the consumption of large amounts of B vitamins is
still beneficial even for entirely healthy organisms. Additionally, as
with vitamins, whey utilisation in its raw state may be useful for an
individual.

Table 4.
The content of some vitamins in whey, pg/kg
Whey Vitamins
B; A E B: B> Bs B4 Beta-
carotene

Cheese | 140 | 22 | 227 | 315 | 1389 | 524 | 160000 13

Soft | 140 | 110 |315 | 263 | 1107 | 478 | 140000 75
cheese

Overall, the biological value of whey vitamins is determined
by the comprehensive composition and the predominant content of
group B vitamins. Each vitamin group has positive effect on the
systems of the human body, which will be described in 3.3.4.
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The Biological Value of Whey Minerals

Whey’s minerals biological value is determined by the
absolute content and ratio among different minerals, which is
essential given the minerals’ specific effect on the human body’s
metabolic processes. Almost all mineral substances of milk pass into
the whey, as well as minerals introduced in the production of the
main product and compounds from the surfaces of the equipment.
Conventionally, they can be divided into two groups: macroelements
(K, Ca, Mg, Na, P) and microelements (Fe, Mn, Cu, Se, Zn, Se).
Table 5 shows the characteristics of the main mineral substances
content of whey from the production of cheeses. Data from Table 5
indicates that the predominant macroelements in whey are
potassium, calcium, phosphorus, and sodium. Such predominance is
explained by the initial composition of the milk raw material itself,
along with the addition of calcium (II) chloride in most traditional
technologies at the stage of fermentation and protein curd formation.
Among the microelements, there is a substantial content of iron and
zinc, which also reflects the original composition of milk.
Furthermore, selenium in whey is present as part of its protein
fractions (immunoglobulins, BSA, p-lactoglobulin, and o-
lactalbumin), and in combination with free amino acids
(selenomethionine and selenocystine). Selenium content in whey is
distributed among those categories approximately 65% and 35%,
respectively. Additionally, the high content of calcium, phosphorus,
and potassium in whey determines its biological value in the context
of mineral substances, which provides several positive effects on the
systems and metabolism of the human body, which will be
elaborated in 3.3.5.

In conclusion, the biological value of whey is determined by a
broad spectrum of the fractional content of the proteins and their
amino acid composition, the presence of a large number of fatty
acids, a certain quantity of phospholipids, a high content of lactose, a
comprehensive list of vitamins with a predominant group B, as well
as a substantial range of macro-elements namely calcium,
phosphorus, and potassium. Along with this, the biological value is
limited due to the practical absence of polyunsaturated fatty acids,
and the unacceptability of the whey hydrocarbon composition for a
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major proportion of the population. However, when entering the
human body, the biologically valuable components of whey provide
several positive effects, revealed within the framework of the
following specific concept - physiological value. Therefore, the
following section of the research will discuss the contribution of
individual groups of whey components and their positive
physiological effects on the body.

Table 5.
The mineral content of whey
Mineral Mineral content, Mineral content, %
component mg/100 g
Soft Cheeses Soft Cheeses
cheeses cheeses
K 153 123 2,25 1,84
Ca 92,8 36,5 1,36 0,54
Mg 9,0 6,5 0,13 0,1
Na 39,8 45,5 0,58 0,68
P 58,0 43,0 0,85 0,64
Mineral Mineral content, ug/100g
component Soft cheeses Cheeses
Fe 106 89
Mn 2,8 0,6
Cu 6,8 3,5
Zn 234 11
Se 200 - 300

Whey’s Physiological VValue Analysis
Whey’s physiological value is determined by the ability of its
biological components to influence the nervous, cardiovascular,
digestive, and other systems of the human body, as well as the body's
resistance to infectious diseases (Fig. 6).

The Physiological Value of Whey Proteins
Each whey protein fraction has its physiological value,
although at first, the - B-lactoglobulin fraction will be considered. -
lactoglobulin binds fat-soluble vitamins, which increases their
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bioavailability, transports vitamins A and D, binds minerals, and
transports them through the intestinal walls. Essential amino acids
with a branched chain, the source of which is this protein, ensure the
safety of muscles and glycogen during physical exertion.
Additionally, it has an increased ability to gel, determined by the
protein concentration, heating temperature, pH, presence of other
proteins, and mineral substances. The tendency of B-Lg to form gels
with metal ions such as iron may have critical nutritional
implications. Whey peptides derived from B-lactoglobulin have a
robust antihypertensive effect. Experimental studies have shown that
this main fraction of whey protein prevents osteoclast-mediated bone
resorption. Thus, this fraction is not found in human milk and is an
allergen for infants, and can also cause allergic reactions in adults.

Additionally, a-lactalbumin will be the second fraction to be
considered. a-lactalbumin regulates lactose synthesis, its content
being proportional to the lactose concentration in milk. It is a source
of the essential amino acid tryptophan, which helps regulate sleep
processes, mood, and stress in individuals. It is an effective agent for
the delivery of medicinal substances and an adsorbent of cellular
glucose for the prevention of type Il diabetes. Studies have been
conducted that indicate the apoptotic activity of the protein against
cancer cells; in the case of its stabilisation by interaction with oleic
acid, it becomes lethal to cancer cells. It is a-lactalbumin which is
the primary protein of human milk and compounds 40% of the whey
proteins in it.

Furthermore, BSA and immunoglobulins will be the third
group fraction to be considered. BSA in milk is physically and
immunologically identical to the serum albumin in the blood, which
is the main blood protein. BSA is a multifunctional protein that binds
ligands, fatty acids, taste compounds, and metal ions. Additionally,
BAS can potentially inhibit human breast cancer cells when included
in in-vitro cell culture with tumor cells. Peptides formed from protein
hydrolysis can have beneficial biological activity. Immunoglobulins
are essential component of the body's defense against disease-
causing bacteria, viruses, and toxins and play an essential role in
immune system function. Several studies have shown that milk
immunoglobulins are effective against rotaviruses and other
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infections. In addition, the intake of this protein group reduces the
risk of gastrointestinal disorders, including travelers' diarrhea. It is
helpful for consumption to strengthen immunity for all age groups,
from babies to older adults.

[ Whey's physiological value ]
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Moreover, smaller factions such as lactoferrin, lactoperoxidase
and proteose-peptone fraction will be the fourth group fraction to be
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considered. Lactoferrin, as well as a-lactalbumin, are the
predominant fractions of human milk. Lactoferrin promotes the
growth of beneficial bacteria and improves immunomodulatory
activity due to antimicrobial and antitoxin activity against a wide
range of bacteria and yeast. Additionally, it provides protection
against hepatitis, influenza, and cytomegalovirus. Research suggests
that parenterally introduced lactoferrin may have important
antitumor properties. The protein can locally bind iron in tissues
affecting cell growth and differentiation, embryonic development,
myelopoiesis, adhesion of endothelial cells, and the formation of
cytokines and chemokines. Further, lactoperoxidase is a protective
factor against infectious microbes and suppresses the growth of
bacteria. Finally, the proteose-peptone fraction can be used as a
bifidogenic factor, has immune-stimulating properties, and has a
probacterial effect.

As mentioned earlier, the intake of whey proteins in the body
ensures the intake of substantial amino acids, particularly the
essential ones. The predominant fractions are leucine (9.5%), lysine
(8.8%), threonine (6.9%), isoleucine (6.0%), and valine (6.0%). At
first, leucine and lysine physiological values will be considered.
Branched-chain amino acids - especially leucine play an important
role in regulating metabolism and glucose, stimulating muscle tissue
through a daily exercise program, and promoting fat loss. Leucine
participates in the exchange of proteins and carbohydrates and
reduces the content of sugar in the blood. In joint action with valine,
it provides protection for muscle tissue and promotes the restoration
of bone tissue and skin. Lysine normalises blood circulation,
maintains the necessary hemoglobin levels, promotes calcium
absorption, has antiviral properties, and participates in the
synthesising of antibodies, hormones, and enzymes.

Additionally, minor fractions will be considered. Threonine
supports the metabolism of proteins, fats, collagen, and elastin.
Furthermore, threonine is an immunostimulator, which intensifies the
synthesis processes of antibodies, immune proteins, digestive
enzymes, and glycerin. Isoleucine contributes to the increase of
physical and mental endurance of a person, promotes the flow of
biochemical processes related to energy synthesis, stabilises the level
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of sugar and insulin, and has a determining role in the production of
hemoglobin. Further to the abovementioned function of protecting
muscle tissue, valine participates in the processes of tissue growth
and synthesis, provides protection for the nerve endings of the
myelin sheath, regulates nerve processes, and synthesises and
ensures against the accumulation of glycogen. Moreover, tryptophan
takes part in the process of tissue recovery, and methionine prevents
fatty kidney and lung damage, and promotes insulin formation.
Further, it is associated with the intake of cysteine amino acid with
whey proteins, which is involved in the intracellular production of
glutathione. This biologically active tripeptide that supports the
body's immune system. In general, whey is rich in the content of
antioxidant peptides, which have radioprotective properties and
provide protection for the skin of the human body.

Further, in relation to whey proteins in a complex, without
fractional separation, the general effect on the systems of the human
organism can be characterised by the following list of main effects:
anti-inflammatory and antioxidant; immunomodulation and immune
system support; normalisation of the cardiovascular system; support
of the nervous system; support of the digestive system; antidiabetic
effect; protection, restoration and stimulation of muscle and bone
tissue; treatment of phenylketonuria; osteoprotection;
dermatoprotective; suppression of obesity processes; suppression of
cancer cells. This list is incomplete, due to the fact that there is a
much more expansive list of indirect effects, which, together with
direct effects, form the physiological value of whey proteins.
However, the question of the implementation of whey’s
physiological value is debatable because the impact of individual
protein fractions can be more valuable in particular cases compared
to the effects of the whey proteins complex, which will be described
in the next paragraph.

Describing the above-mentioned issue, substantial to consider
that human milk does not contain B-lactoglobulin. Thus, the dairy
industry cannot produce products enriched with a-lactaloumin from
cow's milk for inclusion in infant nutrition. The presence of pB-
lactoglobulin in infant products can lead to allergic reactions, which
may disrupt the normal intake of nutrients, leading to a disruption in
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the infant’s development. At the same time, the fractional
composition of whey proteins is identical to human milk,
characterised by a high content of lactoferrin and a-lactalbumin, the
second largest fraction. However, the allergen p-lactoglobulin has the
largest part of all whey proteins. These elements highlight the need
for the fractional extraction of proteins, mainly to obtain complexes
enriched with o-lactalbumin that equally lack the presence of B-
lactoglobulin, to get individually targeted protein fractions.
Furthermore, glycomacropeptide, a part of the proteose-peptone
fraction, is characterised by the absence of phenylalanine,
tryptophan, tyrosine, histidine, arginine, and cysteine residues. The
absence of phenylalanine makes this protein a valuable nutritional
ingredient for patients with phenylketonuria. Phenylketonuria is a
genetic disorder; approximately 15,000 people in the United States
suffer from this deficiency. Thus, the targeted extraction of
glycomacropeptide allows for the creation of conditions that enhance
the nutritional profile of such patients. Therefore, the fractional
extraction of specific whey proteins will allow the production of
infant products with given protein content and the production of
specialised nutritional supplements of a medicinal and kinesthetic
nature. An outcome that can be achieved in a variety of ways,
including chromatography, membrane filtration,
aggregation/precipitation, and enzyme hydrolysis, which will be
discussed below.

In conclusion, the physiological value of whey proteins is
characterised by a wide range of positive effects on most human
body systems and antiviral effects. These effects are derived due to a
high essential amino-acid content in each protein group and the
extensive fractional content of proteins. Healthy impacts can be
realised both by complex utilisation and by separate protein fractions
utilisation. Due to several limitations this issue requires further
research.

The Physiological Value of Whey Fats

In describing the physiological value of whey fats, it should be
noted that they contain a critically low content of polyunsaturated
fatty acids, particularly linoleic and linolenic acids, which take an
active part in metabolic processes, remove excess cholesterol from
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the body, and normalise liver function. However, fat membranes
contain phospholipids, which are the main component of the
biomembranes of cellular structures and play a crucial role in the
permeability of cell membranes and intracellular exchange. The most
critical among them are lecithin, sphingomyelin, and kephalins.
Further, lecithin is involved in the formation of cell membranes,
especially in nerve fibres and the brain. Sphingomyelin is a
component of the plasma membrane and participates in many
signalling pathways. The metabolism of sphingomyelin creates many
products that play an essential role in the cell. Moreover, this
phospholipid plays a critical role in signalling pathway: degradation
and the synthesis of sphingomyelin produce important second
messengers for signal transduction. Additionally, kephalins support
the nervous system and contain ionised acid and amine residues,
which gives them a polar character and largely determines their
functional properties. Nevertheless, when whey undergoes
separation, the fat content is minimised to approximately zero.
Considering the last factor and the characterised effect of whey fats
on human body systems, it can be concluded that they have limited
physiological value.

The Physiological Value of Whey Carbohydrates

The physiological value of whey carbohydrates is primarily
related to the effect of lactose on the organism. Lactose provides a
positive effect on the processes of strengthening human immunity,
has a preventive effect on cardiovascular diseases, improves and
stimulates the state of the nervous system, normalises calcium
metabolism and helps the intestines absorb vitamins B and C.
Additionally, lactose helps regulate the functioning of the
gastrointestinal tract, promoting the growth of beneficial bacteria
such as lactobacilli, which prevents the occurrence of putrefactive
processes in the intestines. The physiological potential of whey
oligosaccharides has also been studied to some extent. Studies have
demonstrated that BMO possess antibacterial properties, protect
HEp-2 cells from enteropathogens, produce short-chain fatty acids,
regulates gut microbiota, body immunity, modulate function and
abundance of gut microbiota and probiotics, and provides number of
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other health benefits. These effects describe the potential of whey
oligosaccharides for further utilisation in biologically active
ingredients and functional foods, but they are limited due to a
significantly low content. Consequently, the physiological value of
whey carbohydrates lies in their positive influence and support of the
cardiovascular, digestive, immune, and nervous systems.

The Physiological Value of Whey Vitamins

It will be alternately discussed the effects of fat-soluble and
water-soluble vitamins on human body. In the group of fat-soluble
vitamins, the effects of vitamins A, E, and beta-carotene will be
considered. Vitamin A is called the most critical fat-soluble
micronutrient, which aids embryonic development while also
supporting the process of cell growth, as well as the restoration of
skin tissues and intestinal membranes. It also improves vision and
immune system functioning. Additionally, it is an antioxidant and
participates in the removal of free radicals. Beta-carotene is a
provitamin used to prevent vitamin A deficiency and can be
converted to vitamin A, the consumption of more than 30 mg of
which can provide a tanning effect on human skin. Vitamin E is an
antioxidant, participates in the biosynthesis of heme and proteins,
and participates in the processes of cellular metabolism. Moreover,
this vitamin improves tissue oxygen consumption, stimulates
circulatory system processes, and provides an immunomodulatory
effect.

In the water-soluble block, vitamins B1, B2, Bs, Bs, Bg, B4, and
Bz will be considered. Vitamin Bi: normalises metabolism and
converts nutrients into energy, while Vitamin B, converts food into
energy and reduces the negative effects of oxidative stress.
Moreover, Vitamin Bs is involved in hormone production,
metabolism, and cholesterol production, while Vitamin Be is utilised
by the body to produce red blood cells and neurotransmitters.
Further, Vitamin By participates in the processes of cell growth, the
transformation of red and white blood cells, normalisation of cell
division, and reduces the negative impact of oxidative stress.
Furthermore, Vitamin B4 takes an active part in collapsing fats,
maintaining the condition and functioning of the reproductive
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system. In addition, this vitamin activates the regeneration of soft
tissues, especially liver tissues, which prevents the process of stone
formation in the bile ducts and bladder. Further, B4 has a preventive
effect on diseases of the cardiovascular system, and it is a regulator
of the cholesterol level in the blood. Thus, vitamins of group B are
predominant, the application of which ensures a decrease in the level
of mental fatigue and stress, a decrease in the level of anxiety, and
prevents the development of depression.

Furthermore, vitamin Bs participates in ensuring the reactions
of carbohydrates. Moreover, Bz provides protein, lipid, and water-
mineral metabolism, and enhances the functioning of the nervous and
cardiovascular systems. Additionally, Bs supports the activity of the
gastrointestinal tract, liver, kidneys, and brain. Overall, the
physiological value of whey vitamins is provided by their
participation in the processes of normal and cellular metabolism, and
support of the immune, reproductive, cardiovascular, and nervous
systems, with a predominant content of B vitamins.

The Physiological Value of Whey Minerals

The physiological value of whey minerals can be characterised
by the influence of the predominant macro elements calcium,
potassium, phosphorus, and sodium on body systems. Firstly,
calcium plays a role in maintaining strong bones and teeth, muscle
tone, blood vessel function, and nervous system activity. Maintaining
calcium in a balanced state in the body reduces the risk of fractures,
osteoporosis, diabetes, and vitamin deficiency; further, calcium plays
a key role in the processes of muscle contraction, ovum activation,
building strong bones and teeth, blood clotting, nervous system
function, heart rate regulation, and fluid balance inside cells.
Secondly, potassium regulates the functioning of muscle fibres,
blood vessels, and the heart muscle, stabilises the processing of sugar
into energy, normalises the level of electrolytes in the blood, and
stimulates the work of the nervous system. Moreover, a special
function of potassium is to alkalise the blood and regulate the level
of magnesium in the blood serum. This mineral normalises the
conduction of nerve fibres, contributing to the elimination of
depressive disorders, stabilising the brain, increasing the access of
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oxygen to this organ, and ensuring stable functioning of the
cardiovascular system. Thirdly, phosphorus participates in the
processes of cell division, energy synthesis, and metabolism,
stabilises the work of the central nervous system, and ensures the
balance of phosphorus and calcium. Lastly, sodium participates in
the maintenance of normal cellular homeostasis and in the regulation
of fluid and electrolyte balance and blood pressure. This mineral may
have a substantial effect on maintaining the volume of extracellular
fluid thanks to its osmotic effect; further, this mineral participates in
the quickening of muscle and nerve cells and the transport of
nutrients through plasma membranes. Additionally, in describing the
influence of the minor microelements content, selenium needs to be
considered. This mineral improves multiple aspects of immune
system (e.g. viral handling), participates in the recycling of
glutathione and thioredoxin, exhibits antioxidant properties and
provides several benefits for cardiovascular system and cancer
prevention. However, there is an open discussion on possible allergic
reactions due to the selenium content in whey proteins, such as a-
lactalbumin, which can affect the production of infant formula and
requires further research. Overall, support of the locomotor,
cardiovascular, and nervous systems of the human organism under
the influence of whey macroelements characterises the physiological
value of its mineral components.

In conclusion, the physiological value of whey is provided due
to a wide range of positive effects on the systems of the human body
and resistance to infectious diseases. Particularly, whey proteins and
amino acids support most of the body's systems and have a high
antiviral effect, which can be implemented both as a complex and as
separate fractions. Whey fats have a limited physiological value due
to the influence of phospholipids and the critically low content of
polyunsaturated fatty acids; this is due to minimisation of fat content
during whey separation. Additionally, carbohydrates positively affect
and support the cardiovascular, digestive, immune, and nervous
systems. Further, whey vitamins participate in the processes of
normal and cellular metabolism, and support the immune,
reproductive, cardiovascular, and nervous systems, with a
predominant content of B vitamins. Mineral substances mainly
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support the functioning of the musculoskeletal, cardiovascular, and
nervous systems under the influence of whey macroelements.
Therefore, the physiological value of whey can be characterised as
considerable and comprehensive.

Whey’s Physiological Activity Analysis

The physiological activity of whey can be characterised by the
content of bacteria and their waste products, as well as by their
effects. Since whey is suitable environment for the development of
various microorganisms, its composition and properties may change,
and its quality indicators may deteriorate during the collection and
storage processes. These processes are facilitated by substantial
inoculation of whey with lactic acid bacteria during the production
process and inoculation with various microorganisms during
collection, storage, and further processing. In addition, lactose
undergoes enzymatic hydrolysis, as a result of which titrated acidity
increases, pH decreases, turbidity appears, hydrolysis of proteins and
fat occurs, taste and smell change, and unwanted components
accumulate. Moreover, particular microorganisms play a critical role
in the above-mentioned processes and thus need to be considered.

In describing the particular microorganism content of whey,
lactic acid bacteria have a critical role, which is performed in
homofermentative and heterofermentative processes. This type of
bacteria may be separated into two groups: 1) utilised in the
production of hard cheeses (Str. thermophilus, L. Helveticus, L.
Casei, L. Lactis, Propionibacterium Shermanii, among others); 2)
utilised in the production of soft cheeses (Streptococcuslactis,
Lactobacillus Leuconostoc bacilli, which are facultative anaerobes,
Bacterium linens, Peniccilium candidum, P. Album, P. Proqueforti,
P. Camamberti, B. Casei, Geotrichum candidum, among others). In
addition to the listed groups of microorganisms, whey undergoes
various instances of secondary insemination that occur during the
technological process. These inseminations include lactic and acetic
acid bacteria, Escherichia coli, mold fungi, yeast, and spore
microorganisms.

Additionally, whey lactic acid bacteria have scientifically
proven antagonistic properties against the putrefactive microflora of
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the digestive tract. For example, Lactobacillus bacteria are utilised
in the production of probiotics as a means of preventing intestinal
dysbacteriosis and other disorders of the intestinal microflora.
Furthermore, in the digestive tract, these bacteria inhibit pathogens
due to the release of lactic and acetic acids. This antagonism of lactic
acid bacteria is also ensured due to the synthesis of specific
antibiotics, such as nizyme, diplococcin, acidophilin, lactocidin.
Moreover, the adhesiveness, participation in the functioning of the
body's immune system, and stimulation of antitumor activity
provided by lactic acid bacteria are essential. Further, the entry of
bacteria into the body ensures a reduction of the toxic effect on the
body of chemotherapy in the treatment of tumor-related diseases. As
a result, the high content of lactic acid bacteria in whey allows us to
claim that it is physiologically active, and also that the presence of
probiotic bacteria ensures the ability of whey to autolyse in the
human stomach and improve the processes of digestion and
metabolism, which from the point of view of the A.M. Ugolev
adequate nutrition theory testifies to its high value.

JIEKIIA 3. ITEPEPOBKA BIAXOAIB. CUPOBATKA
SK LIHHUM XAPYOBUI [TPOJIYK

Moro4Ha cupoBaTKa € 0araTOKOMIIOHEHTHOIO CHCTEMOIO, SIKY
BOJIHOYAC MOYKHA PO3TIISAATH K ICTUHHUM PO3YMH, 1[0 OTPUMYIOThH
IICIS BUJIYYEHHS KHPIB Ta OLNKIB 3 MOJIOKa, TOOTO SIK TOMOTEHHY
CYMIlll, IO CKIAJAETbCS 3 PO3YMHEHHX PEUOBHH Ta BOJHOTO
cepeioBHIa. Y MOJIOYHIM cHpOBaTIi OiNKH, KUPHU, BYTJICBOIH Ta
BOJIOPO3YMHHI BiTaMiHH Mepe0yBarOTh B MOJIEKYIISIPHO-AUCIIEPCHOMY
CTaHi, a MiHepallbHI PEUYOBHHH EJEKTPOJITUYHO IUCOI[iOBaHI Ta
YTBOPIOIOTH TiZipaTOBaHi HOHHU.

Koxen 3 KOMIIOHEHTIB IIi€i CKJIaIHOI TIIOJIiTUCTIEPCHOI
CHUCTEMH Ma€ CBOIO OKEepMY MLIHHICTb. 3 PO3BUTKOM IHTaHHS
yTUITi3a1lii MOJIOYHOI CUPOBATKH, C(HOPMYBABCS HOBHH ITiIXiJ] 3T1IHO
3 SKHM CHpPOBaTKa CBOTOJHI BBKAETHCS TOKUBHOK CHIIOIO
Maii0yTHBOTO.

Hist Toro, o0 BCECTOPOHHBO Ta CUCTEMAaTH30BaHO PO3KPHUTH
IIHHICTh YCiX KOMIIOHEHTIB CHPOBATKH, 3aIPOIIOHOBAHO PO3TIISIATH
iX B paMKax IMOHSTTS Xap4yoBoi LIHHOCTI Ta ii CKIagOBHX, IO
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JIO3BOJIUTH OIMCATH CHEPreTHYHHWHA IMOTEHI[ial Ta TOTeHIIaN JUIs
3abe3nedeHHs Qizionoriyaux nmotped moanan (Puc. 1).

AHaNi3yI0un Xapuoey uiHHicmb CcUpoeamku HEOOXiTHO

PO3KPUTH BCIO MOBHOTY KOPUCHHUX BJIACTUBOCTEH i1 KOMIIOHEHTIB,
BKJTFOUAIOYH CTYMiHB 3a0e3nedeHHst (Ppi3ionoriyHux moTped JoauHH
B OCHOBHHMX ITIO)KMBHHX pPEUOBHHAX, CHEPril0 1 OpraHOJCNITHYHI
BIacTUBOCTI. BOHM TPYHTYIOThCSI Ha NAaHUX MPO XIMIYHMK CKIIaj
CHUPOBaTKM 3 YypaxyBaHHSIM {i TOTEHLIHHOTO CIIOXWBAHHI Y
BIAMOBIMHUX KITBKOCTSIX. BusHadabHUME (DakTOpaMu € HE TUTbKH
BMICT OIOJIOTIYHO AaKTHBHUX XapyOBUX PEUOBHMH, ajleé TaKOX iX
CHIBBiIHOLICHHS, 3aCBOIOBAHICTh 1 T0OpOsKiCHICTE. [ mpoBeaeHHS
aHaNi3y XapdoBOoi IIHHOCTI MOJOYHOi CHpOBaTKH Oyimo oOpaHO
MEepeNTiK BYXXYUX MOHATH, KI OYIyTh PO3KPUTI HIDKYE, 30KpeMa:
CHEepreTHYHa I[IHHICTh, 010JIOTIYHA IIHHICTh OKPEMHX KOMIIOHCHTIB
(Oimkn, >KupW, BYTJIEBOJAW, BiTaMiHMA, MiHEpallbHI PEYOBUHH),
(hiziozorivyHa MiHHICTH, ()i310JIOTIYHA AKTHBHICTb.
Enepeemuuna yinnicms (KanopiiHicms) cupoeéamiu XapakTepu3ye
KIIBKICTh €Heprii, fka BHUBUIBHAETHCS B Tporleci ii 0iosorigHOTO
OKCHMHEHHSA [UIS TIOJajbIIOTO BUKOPUCTAaHHA Vy  (i3i0N0TIgHIX
noTpedax JIJCHKOTO OpraHizMy.

BueHi cTBepaKyIOTh, IO AJISl OPraHi3My BaXKJIMBO, SIKi TPYIH
XapuoOBHX PEUYOBHH 3a0€3MeUyIOTh KaJOPiHHICTh KUBIeHHS. J{is
HOPMAaJIBHOT KUTTEIISIIBHOCTI JIFOIMHU, OUIKM MOBUHHI CKJIJaTH, B
cepenuboMy 12%, sxupu 30-35% Bijg 3aranbpHOl  KaJIOPIMHOCTI
paiioHy,  pemnitTa — ByrJICBOIH. PesynmbTat  po3paxyHiB
€HePreTHYHOI IIHHOCTI BKa3yIOTh Ha Te, MO OIJIKH y CHPOBATII
ckianaTh Onmu3bko 14%, xupu 12,8%, a ByrneBoau 73% Bix
3arajbHOl  KajopifiHocTi  mpoaykry. ToOTo  cupoBatka €
30araHcoBaHa 3a OiTkaMu Ta OJIM3bKa 32 YaCTKOIO BYTJIEBOJIIB, IPOTE
HasBHUN TIEBHHUU IucOaliaHCc KaJlOpiiHOCTI 3a KUpamu. 3arajibHa
KaJIOPIAHICTh CUPOBaTKU CKiamgae 26,8 kkagl 1 Moxe OyTH
OXapaKTepU30BaHa K He3HAYAHA.

Binnocna  30amaHCcOBaHICTH 3a 3MICTOM Ta  HHU3bKa
KaJIOPIMHICTh CHPOBATKU POOUTH ii NMPHUBAaOIMBOIO 3 TOYKH 30Dy
BUKOPHUCTAHHS, ICJS BIAMOBIAHOI MiJITOTOBKKM a00 X y CHPOMY
CTaHli, ISl Opradizauii paliOHAJFHOTO XapyyBaHHsS 3a IMEBHUMHU
TUTIAMH  JI€TH, 30KpeMa Ui CXyIHEHHS Ta CIIOPTHBHOTO
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cupsmyBaHHs1. OIHAaK y CHPOMY CTaHI CHpOBaTKa HE MOXe OyTh
BUKOPHCTaHA B OOMEKEHHX BUIAIKAX.

CporoziHi BUpPOOHHUIITBO CHUPIB 3IHCHIOETBCS 3a JIBOMA
OCHOBHUMH TUIIAMH BUPOOHHLITBA:

1. BupoOGHHUITBO MPOMYyKIlii, IO BIANIOBiAa€ TpPaAHULIHHUM
TEXHOJIOTISIM Ta 00JlamHaHHIO ((hepMepChKi TocmmomnapcTBa, KpahToBi
BUPOOHUIITBA).

2. BUpOOHUITBO MPOAYKIIT 3 BUKOPUCTAHHSIM KOMIDICKCIB
MOJIepHi3allii B HampsMKy TIIOBHOi aBTOMATH3alii KepyBaHHSI
TEXHOJIOTIYHUM MPOIIECOM Ta MaKcHMi3alii BUIydeHHS OiJIKOBOTO
3TYCTKY.

Y BUPOOHHWITBI CHpIB 3a JPYTHM THIOM, 37€0UTBIIOTO
301IBLICHHS BUXOAY OIJKOBOTO 3TYCTKY MJOCSTAETHCS HUISIXOM
MOTIePAHBOT  CTalimi3amii Ta HOpMadizalili BHXIJTHOTO MOJIOKA 3
BUKPUCTAaHHSIM Xap4yoBHX J00aBOK, OapBWHKIB, MiJACHIIOBAYIB Ta
3aMiHIOBa4iB CMaKy, aHTHOIOTHKIB, a TaKOX IIIIIXOM 3aCTOCYBaHHS
MOTYKHUX CHHTETUYHUX (EPMEHTIB Ha CTajii BHIyYCHHS 3TYCTKY,
SKi TUIAXOM  OIOXIMIYHMX  peakmid  BHUKIWKAlOTh  IMPOLECH
MaKCHMaJIbHOTO CKJICIOBaHHS OUTKOBUMX KOMMOHEHTIB. CumpoBarka
MICJIS TAKOTO BUPOOHHMYOIO MPOIECY HE MOXe OyTH 3acTOCOBaHA Hi
JUTSL TIOJTANTBIIOT TTepepOOKHU Hi Jyis 1i 0€3M0CePEHBOI0 CIIOKMBAHHS
y CHpOMY cTaHi. ¥ BUIaAKy KOJIM OTPUMAaHa CUPOBATKa HaJXOAUThH 3
miJi BUPOOHMIITBA CHpPIB MEPHIOr0 THITy, BOHA MAaE€ BHCOKUH
MOTEHIIa] JUIS TOJAJBIIOT NEpepoOKH, a TaKoK MOXe OyTH
BUKOPDHCTaHA B CHPOMY CTaHi JUIs OpTraHi3amii paiioHaJIbHOTO
xapuyBaHHs. Lle TBep/pKeHHST Ma€ MiIrPYHTS HE TUIBKU B KOHTEKCTI
CHEPreTHYHOI I[IHHOCTI, 10 OY/Ie PO3KPUTO HIDKYE.

bionoziuna yinnicms cUpoOBaTKM BU3HAYAETHCS HASBHICTIO
HE3aMiHHUX KOMIIOHEHTIB, IO HE CHHTE3YIOTBHCS B JIIOJICBKOMY
oprasizmi a00 CHHTE3YIOThCS MOBUILHO 1 B OOMEXKEHIM KiIbKOCTI.
XapakTepusyrouu OioJoTiuHy IIHHICTh CHUPOBAaTKH MH PO3TIISTHEMO
OKpEeMO TOHATTS 010J0Ti4HOI I[IHHOCTI OLTKiB, JKUPIB, BYTJIEBOIB,
BiTaMiHiB 1 MiHEpaJbHUX PEUOBHH.

bionociuna yinnicme cuposamxosux 6inxie. CHPOBATKOBI
Oinku cxianaoTh 0Jau3bKo 14% ycix cyXuX pedyoBHH CHPOBATKH Ta
MalOTh IIUPOKUI crektp ¢pakuiiiHoro ckmagy (Tabmuos 1).
[IpolieHTHE  CHIBBIIHOMICHHS  MIX  OCHOBHUMH  OIJIKOBHUMH
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(hpakmissMu MOXX€ KOJHMBATUCH 3AJIEKHO BiJ] THUITy CHPOBATKH, IO
BH3HAYAETHCS 3 i BUPOOHHIITBA SIKUX CHPIB BOHA HATXOIUTh.

Tabmuns 1
DpakiiHuil CKI1aJ CHPOBATKOBUX OJIIKIB
No binkora ¢paxitis YacTka Bix
3/1 O1IKOBOTO CKJIATy
CUPOBAaTKH, %

1 B-nakTorio0yiau (B-Lg) 30-50

2 a-makroansoyminm (o-La) 20

3 CupoBatkoBuii ans0oymin (BSA) 8

4 ImynHorn00YiHK (1gS) 10-15

5 Jlakroepu (LF) 1,5-2

6 Jlaktonepokcumasa (LPO) 0,5

7 I'miko-maxponerun (GMP) 15-20

8 [IpoTteo3o-nentoHoBa Gpakiiis 8-10

(PP3)
9 Hatinpi6nimi (OcTeomoHTHH, 1-2
Jlicosum, Yarensun, Pubnaykieasa I,
Kucna ®ocdarasa tomo)

HasBHICT, MIMPOKOTO CHEKTPY CHPOBATKOBUX OiJIKiB, SIKi HE
CHHTE3YIOThCSl 200 TMOBIILHO CHHTE3YIOTHCS OPraHi3MOM JIIOJMHU
CBITUUTH TMPO TEPIIONOYATKOBHI BUCOKHIA TOTEHI[a] O10JIOTiYHOT
IIHHOCTI CHUPOBATKH.

BionoriuHa WiHHICTP CHPOBATKOBHX OINKIB y OiibImii
Mipi BU3BHAYAETBCSA CTYICHEM BIiAMOBIIHOCTI iX aMiHOKHCIOTHOTO
CKJIaly moTpedam opraHi3My B aMiHOKHCIIOTAX JUIsl CHHTE3Y OiKiB, a
TaKOX 3JATHICTIO O IepeTpaBiioBaHHA. B mporecax romeocrasy
Oprafi3aMy JIIOJUHU Oepe ydacTh 22 aMiHOKHUCJIOTH, 3 SKHX 8
(yefituH, i30MeHIMH, TpUIITO(aH, BaliH, TPEOHIH, JIi3UH, METIOHIH,
(eHinanaHiH) € He3aMiHHUMH, OCKUIBKM BOHHM HE CHHTE3YIOTHCS B
opraHi3mi. B3sBum 70 yBaru KOMIUIEKC YCiX CHPOBATKOBUX OlIIKiB,
yCi He3aMiHHI aMIHOKUCIIOTH € TIPUCYTHIMH B CHPOBATIIi, IX MacoBa
YacTKa y CHpOoBaTKoBaMy OiNiky HaBezaeHa B TaOmmui 2.
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Taomus 2
MacoBa yacTKa He3aMiHHUX aMiHOKHCIIOT Y CHPOBAaTKOBOMY

OlIKy

Ne AMIHOKHCIOTA MacoBa Bwmict B «ImeanbHU»

3/ gacTka, % Oinkax, | Oumok, /100 T
r/100r

1 Jletmu 9,5 12,3 7

2 I3omeiinun 6,0 6,2 4

3 Tpunrodan 2,2 3,4 3,5

4 Bamin 6,0 57 5

5 Tpeonin 6,9 5,2 4

6 Jlizun 8,8 91 55

7 MertioHiH 1,9 2,3 3,5

8 deninanania 2,3 4.4 6,0

BueHni CTBep/DKYIOTh, IO BaXKIHMBOIWO € 30aJlaHCOBaHICTh
HE3aMIHHUX aMiHOKHCJIOT, 30KpeMa CITiBBIAHOIICHHS €CCEeHIlIaIbBHUX
aMiHOKOCWIJIOT: TpumntodaH, MeTioOHIH 1 mi3uH. OntuMmanbHe iX
cuiBBigHomenHst 1: 2: 4. Jlani 3 Tabmumi 2 cBiggaTh mpo Te, 1O
CHIBBiIHOLICHHST TpUNTO(haHy Ta Ji3MHY B CHPOBATKOBOMY OIJIKy €
30a7aHCOBAaHUM, TOJI SK CIIOCTEpITacThCs TIeBHA HecTada Ta
nu30anaHc 3a BMICTOM MeTioHiHy. He3aMmiHHI aMiHOKHCIOTH Yy
CHPOBATI HE TIJBKH MPHUCYTHI Y BUCOKIM KOHIEHTpAIlil, aJie TaKoX i
MOTJIMHAIOTHCSL Ta 3aCBOIOIOTHCS OPTaHi3MOM y OUIBIIIA Mipi, HIX 3
IHIIMX JpKepent OiIka, TaKMMU K MIISHUIS, KyKypyA3a Ta Cosl.

Psin GinkoBux ¢pakiiiii 3aiiMae IpoBiHE Miclle Yy ITOCcTa4aHHi
B OpraHi3M JIIOJJUHHA aMIHOKHUCIIOT Pi3HUX THUMIB. J-TAKTOTTIOO0YIiHU €
JDKEpeNIOM HE3aMiHHUX aMIiHOKHCIOT 3 PO3TaTyKEHUM JIaHIFOrOM
(JrefituH, 130IIEUIIMH Ta BaliH), A-TAKTOATBOYMIHH € DKEpeIoM
Ooutein sik 60% yciX aMiHOKHCIIOT CHPOBAaTKBUX OLIKIB, 30KpeMa
HE3aMiHHHX Ta PO3TATYKEHUX, CHPOBATKOBUH aJIbOYyMIH € JDKepeIoM
3arajioM Oinbil sIK 538 aMiHOKHCIIOT, a JJAKTONEPOKCHAa3a MiCTHTh
612 aMIHOKUCIIOTHHX 3JTUIIKIB.

OxpeMoi yBardm 3aciayroBy€ TJIIKO-MaKpOIICTHJ, SKHH €
OaraTiM Ha JIEHIMH, 130JIGHIMH Ta BaJiH, aje BOJHOYAC Mae
BiJICYTHICTh (eHinanaHiny. ToMy BiH € I[IHHAM iHTPINI€HTOM JUIS
MAIEHTIB 3 (PEHITKETOHYPIEI0 — 3aXBOPIOBAHHSM 3a SIKOTO OPraHi3Mm
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HE 3MaTHW MeTabomi3yBath (eHiLTalaHiH, [0 NPU3BOAUTH 0
MopyIIeHb pOo3BTKY MO3Ky. CaMe BifICYTHICTH (heHinamaHiHy poOHuTh
TIIIKO-MaKpOMeNnTU, K OLTKOBY CHpOBATKOBY (ppakiiro OionoriuHo
LUiHHUM Y 3BOPOTHHOMY HOPSIIIKY.

3aramoMm, KokHa OiTKOBa (paKIliss a TaKoX KOXHaA 3
HE3aMiHHUX aMiHOKHCIIOT MalOTh Y CBOIO Uepry MeBHY (i3ionoriuny
LUiHHICTh TPUBHOCAYM KOPUCHI e(eKTH MO OKPEeMHX CHCTEM
JIFOJICBKOTO Opra”i3My, Mo Oyae po3KpUTO HIKYE.

bionociuna yinnicmo orcupie cuposamxu. Tak SK 1 BMICT
O17KiB, BMICT MOJIOYHOTO XKHPY B CHpOBATIi HE Mae CTaOiIbHOTO
3HAYEHHS Ta BapiOETBCS 3aJEKHO BiJ TUIy CHPOBATKH, a TaKOX
3aJIe’)KHO BiJl TOro 4 IifJaBajiach BOHA cenapyBaHHIO. MoOIO4YHUI
KHUP 3aCBOIOETHCS Kpallle JIOJCBKUM OpraHi3MoM, Y MOpPIiBHSIHHI 3
THIIUMHU JPKEPETaMu JKUPIB.

Juis cupoBaTKu 3 IMMiJ BHPOOHUIITBA TBEPIUX CHPIB BMICT
xupy ckianae 0,04-0,6 %, 3 mix BupoOHUITBAa M’ SIKMX cupiB - 0,2-
0,3 %, 3 mix BUpoOHMITBA Kazeiny - 0,3 %. 3aranbHONpPHIHSATE
ycepenHeHe 3Ha4eHHs BMICTY MOJIOUHOTO kupy ckiagae 1o 0,5%, e
€ 110 7,7% #oro BMiCTy B MOJIOTII.

MoJIOUHUH KUP CUPOBATKU SIBJISE COOOK0 CYMIIl CKJIQHUX
edipiB TPHOXaTOMHOTO CIHPTY LNILIEPHUHY 1 JKUPHUX KHUCIIOT, sIKa
MictuTh B co0i 10 HacmueHnux i 10 HeHacWUYEHUX >KUPHHUX KHUCIOT,
3aranioM moHaa 200 >KUPHUX KUCIOT. Takuii BMICT JKUPHUX KHCIOT
SIKICHO Ta KUIBKICHO BIApI3HA€ HOro BiJ IHIIMX BHIIB Xap4OBUX
JKUPIB, M0 YaCTKOBO OOTPYHTOBYE iOro OI0JIOTiYHY WiHHICTH IS
JOACBKOT0 opraHizmy. Ilopsa 3 nuM, BiH € HOCIEM >KUPOPO3UNHHHUX
BiTaMiHiB, a TAKOX JKEPEJIOM CHHTE3y HEe3aMIHHUX aMiHOKHUCIIOT.

OpHak, OCHOBHMM (paKTOPOM, IO BH3HAYa€ O10JIOTIYHY
IIHHICTh CHUPOBAaTKOBUX JKUPIB € BMICT B HHUX ITOJIHEHACHYECHUX
XKUPHUX KHUCJIOT. Y CHpPOBATIli BiH € HE3HAYHWUM, 30KpeMa TaKHX
MOJIIHEHACHUCHUX JKUPHUX KHUCIIOT SIK JIIHOJIEBa, JIIHOJIEHOBA.
HenocraTHe HagxomKEeHHS JIIHOIEBOT KUCIOTH BUKJIMKAE B OpraHi3Mi
MOpYIIEHHST OlOCHMHTE3y apaxiIoOHOBOi KHCJIOTH, II0 BXOAUTH Yy
BEJIMKIA KUTBKOCTI B HOTO CTPYKTYpHi Jimiau. Y 30a1aHCOBaHOMY
pauioni noBuHHO OyTH Bif 8 10 10 T LMX KUCIIOT, a B OPraHi3Mi BOHU
HE CHUHTe3yloTbcsi. Hakanp, ix MacoBa dYacTka BiJf YyChOTO
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YKUPHOKHUCIIOTHOTO CKJIaIy CHPOBATKH ckianae 0mm3pko 0,2%, To0To
BOHH MPAKTUYHO BIJICYTHI Y MOJIOYHI CHPOBATIII.

Posrnspatoun  GioJoriyHy IiHHICTE JKHPIB  CHPOBAaTKU
JOLINBHO TaKOX 3rafaTd Te, L0 A0 CKIaxy >XHPOBUX OOOJOHOK
BXOIITh (pocdoromian, 30KkpemMa JISUTHH, chiHTOMIETIH, KedaTiHy,
SIKI € HaWBOKIWBIIMIMMHA TIPEICTABHUKN CKIAIHAX JIITIAIB, IO
MICTSTh 3aMIIKH CHUPTIB, KUPHUX KUCIOT, pocdopHoi kucnotu, a
TaKOX a30TUCTI CTIONYKH. BoHM MatoTs nieBHY (hi31010T19HY HiHHICTH
IUTS JTFOJICEKOT OpTaHi3My, 1o Oyae po3KpuTe HIDKYE.

TakuM 4WHOM, MOKHa 3pOOWUTH BHCHOBOK IIPO OOMEKEHICThH
010JI0T1YHOT WIHHOCTI MOJIOYUHOTO XKHPY CHPOBATKH, 3 YpaxyBaHHIM
3HAYHOTO BMICTY KHPHUX KHCJIOT Ta OiTHOTO BMICTy BU3HAYaJIbHUX
MOJIIHACHHEHUX KHCIIOT.

bionociuna  yinnicme  8yeneeoodie  cupogamxu.  Ckiana
BYTJIEBO/IIB CHPOBATKH aHAJOTIYHUAN 10 CKIIAAY BHUXITHOTO MOIIOKA.
bmmseko 90% ycix BYIWICBOAIB CHUPOBAaTKH CKIaJa€ AUcCaxapui
JaKTO3a. 3-TiJ KUCIIOMOJIOYHOTO CHpPY, Y CHPOBATI MIiCTHUTBCS IO
1,8% rI0KO3HM, L0 MOSICHIOETBHCS T1IPOJIi30M JIAKTO3U B IIpOLEci
BUPOOHUITBA KHCIOMOJIOYHOI'O CHPY Ta MOTPAIUISIHHS 3aJIMILKIB
OO MOHOCaXapHay B CHPOBAaTKy. Tako)X y CHpOBAaTIi NPHUCYTHI
apabiHo3a, JaKTyJI03a Ta aMiJIOi.

IIpu Tpamuuiiinomy cmnocodbi nepepoOku Monoka, A0 96%
JAKTO3W TMEPEeXOJUTh 3 MOJOKa B MOJOYHY cHpOBaTKy. Jlims
CHpPOBAaTKM 3 TiJl BUPOOHUIITBA TBEPAUX CHPIB BMICT JIAKTO3U
cknanae 3,9-4,9%, 3 mig BupoOHHIITBA M KX cupiB — 3,2-5,1%, 3
i) BUpOOHHUIITBA Ka3einy — 3,5-5,2%.

BiosoriuHa I[iHHICTH BYIJICBOJIB CHUPOBATKHU IOJISTAE CaMe Y
HAJXOJPKEHHI 3HAYHOI KUIBKOCTI JIAKTO3W B OPraHi3M, sKa B CBOIO
4epry pO3KJIaJalouuch Ha TJIIOKO3Yy Ta TrajlakTo3y € YyIOBHM
JDKepesioM  eHeprii  (BYIJIEBOJM TIepeBaXkaroua EHEepProcKIIajoBa
CHpOBaTKM) Ta 3a0e3medye psyi MO3UTUBHUX eQeKTiB, mo Oyxae
OIMHMCaHO HUXYe TPH PO3TIIAL (i3i0M0TigHOT IIHHOCTI CHPOBATKH.

Ilopsin 3 1mum, OiosoriyHa WIHHICTH BYIJIEBOAIB € JEIIO
00MEXKEHOI0 BPaXxOBYIOYM BHMCOKHH BIZICOTOK HACEJICHHs, IO Mae
rinonakrasito. ['imonaxrasis nmomupeHa B pi3sHUX YaCTHHAX CBITY Bix
5 o 100% nacenenus, 30kpema 10 5% B miBHIUHIN €Bpomi, 10 35%
B Ykpaini ta 10 100% y miBaeHHO-cXimHil A3ii. Ile cBiguuTh mpo Te,
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O /s 3HAaYHOI YACTWHHU CIIOKMBAYiB, BYTJIEBOTHEBUI CKIIJ
MOJIOYHOT CHUPOBAaTKM € HEHNPUUHATHUM I CIIOBKHBAHHA 1 SIK
HACHII0K He cKiIagae 01070r14HOI IIIHHOCTI B3arai.

bionociuna yinnicme  eimaminie  cupoeamxu. MonodHa
CHUpOBaTKa MICTUTh 0arato XHUPOPO3YMHHHAX Ta BOIOPO3IUMHHHUX
BiTaMiHIB, SIKi TPHU MOTPAIUIAHHI B OpraHi3M OepyTh y4acTh B
KIITHHHOMY i TKAHWHHOMY OOMiHi PE€4OBHH, ICTOTHO BIUIUBAIOTh Ha
(dyHKIiOHaNpHUA CcTaH Oaratbox (i3i0NOTIYHUX CHCTEM, Ha
PEaKTUBHICTh OpraHi3My i WOro 3axHCHI MeXaHI3MH. Y MOJOYHii
CHpOBATLi MPUCYTHI HACTYIHI IPyNHU BiTaMiHIB: XUPOPO3UYHMHHI — A,
E, bera-kapoTuHs; Bogopo3unHHi - B1, By, Bs, Be, B, Bs, PP. Takwuit
IIUPOKUH TEperik € 3HaYHUM (haKTOPOM O 3arajbHOi 0i0JOTigHOI
LIHHOCTI CHpOBaTKH. BMICT JeKWX CHPOBATKOBHX BiTaMiHiB
HaBejieHo y Tabmui 3.

Tabmuusa 3
BMicT JIesiIkuX 3 BiTaMiHiB Y MOJIOYHIH CHPOBATIIi, MKI/KT
Cuposatka Bitamin
bera- A E | Bi| B2 | Bs | B4 PP
KapoTHH

[lizcupHa 13 22 | 227 | 315 | 1389 | 524 160000 | 140

TBopoxHa 75 110 | 315 | 263 | 1107 | 478 1140000 | 140

[leBHI BiTaMiHM MalOTh IHIUBIAyaJbHI BIIACTUBOCTI, IO
JOJTAIOTBCS 710 OlONOTiYHOI IIHHOCTI CHPOBaTKH. 30Kpema, bera-
KapOTHH € MPOBITAMIHOM Ta MO MEePETBOPIOBATUCS HA BiTaMiH A,
SIKIIO 1€ HEOOXiJHO OpraHi3My, TaKMM YWHOM 3a0e3NeYrBIIN YCi
HeoOXi/THI KOPHUCHI e(peTKH, a TAKOXK Ma€ 3IaTHICTh 10 HAKOTTMYESHHS
B MIAMKIPHIA KIITKOBUHI 3a HAQJIMIIKOBOTO CIIOKHUBaHHS 0e3
HaHECEeHHsI IIKOIW opraHi3my. Bitaminm B: ta By (Tiamin Ta
pubodnaBin) 3a0e3rnedyoTh MEPEeTBOPEHHS MOXUBHUX PEUYOBUH B
eHeprito, To0To OepyTh ydacTh Yy Ipollecax MOCTa4aHHsS CHEprii B
OpraHism.

3arajgoM, MepeBakaloYUMH y CKIIaJi CUPOBATKH € BiTaMiHU
rpynu B, mo mictaTheca y OUIBIIOCTI HPOIYKTIB i3 CEPEAHBOTO
IIOZICHHOTO PAIlioHy JIIOJUHY. TOMY PH3MK BUHHKHEHHS JEQIiIUTy
LUX PEYOBHMH MIiHIMAJIbHUM, OJHAK 1HIUBIAYaJIbHO MOXXEC BHHHKATH
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Oinpima motpebda. JlocmimKeHHs CBITYaTh PO Te, IO HAIXOMKEHHS Y
BETIMKUX KUTBKOCTSIX BiTaMiHIB TPyIK B € BceomHO KOPUCHUM HAaBITh
JUISL LJIKOM 3I0pOBHX OpraHi3MmiB. Lle 1030Bisie cTBEpKYBaTH, IO
y BUNAJKy BXXHBAaHHS CUPOBATKU Y CUPOMY CTaHi, e Oy/e KOPHCHO
U OyIB-SIKOTO OpTraHi3My B KOHTEKCTi BMICTY BiTaMiHiB.

TakuMm unHOM, OlOJIOTIYHA IIIHHICTH BITaMiHIB CHpPOBAaTKH
0OYMOBITIOETBCS X IIUPOKUM CKIIQJIOM Ta MEPEeBaKalOYMM BMiCTOM
BitramiHiB rpynu B. KoxkHa 3 rpyn BiTamiHIB Mae CBiif TO3UTHBHHN
e(eKT IS CHCTEM JIFOJICKKOTO OpTaHi3My, o Oye Mi3iHIIe OMMcaHo
B paMKax (hi310JI0Ti4HOT HIHHOCTI CHPOBATKHU.

bionociuna yinnicmv MIHEpANbHUX PEYOBUH  CUPOBAMKU
BU3HAYAETHCS X aOCONIOTHMM BMICTOM 1 CHIBBiZHOLICHHSIM MK
co00I0 Y cHpOBATIi, 10 € BAXIUBUM 3 OIISAY Ha 1X crenudiuHy
nito Ha OOMiHHI MpOIeCH B JIIOJCHKOMY OpraHizmi. Y CHpOBAaTKy
MIEPEXOIATh MPAKTUIHO YCI MiHEpaJbHI PEYOBHHH MOJIOKA, a TAKOX
MiHEpaJbHI PEYOBUHU, SKI BBOASTHCA y BHUPOOHUINTBI OCHOBHOTO
MPOAYKTY 1 3’€AHAaHHS 3 MOBEPXOHb 0OJaHAHHA. YMOBHO iX MOXHA
po3minmuti Ha 2 Tpymu: makpoenementu (K, Ca, Mg, Na, P) Ta
mikpoenementu (Fe, Mn, Cu, Se, Zn). ¥ Tabmumi 4 HaBemeHO
XapaKTepUCTKy BMICTY OCHOBHMX MiHEPaJbHUX PEUOBHUH CHPOBATKH
3 Ti1 BUPOOHHUIITBA TBEPAMX Ta M SKUX CHPIB.

Hani 3 Tabmumi 4 cBim4ath mpo Te, MO0 NepeBaKAIYNMHU
MaKpoeJleMeHTaMH B CUPOBATIII € KaJliii, Kanblii, Gpocdop Ta HATpil.
e mosICHIOETbCA BUXITHUM CKJIQJIOM O0€3MOCepeIHbO MOJIOYHOT
CUPOBUHH, a Takox BHeceHHsM Kanbmito (1) xmopuny y Oinbmiocti
TPaIUIIHHIX TEXHOJOTISAX Ha CTajil CKBaIlyBaHHS Ta (HOpMyBaHHS
OimkoBoro 3rycTky. Cepesl MiKpoeJIeMeHTIB 3HAaYHUI BMICT 3aji3a Ta
LIMHKY, 10 TAKOXK Bi0OpaXkae BUXIAHHUNA CKJIaJl MOJIOKA.

3HayHMH BMICT Kaublito, ¢ochopy Ta Kajlilo y CHpPOBaTIi
300yMOBIIOE€ 11 010JOTiYHY MIHHICTH B KOHTEKCTI MiHEpaJbHHX
peUoBHH, IO 3a0e3meuye psiji MO3UTHBHUX €(EKTiB JUIsl CHCTEM Ta
MeTaboIIi3MY JIFOICEKOTO OpPTaHi3My, 1o OyJe PO3KPHUTE HIDKYE.
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Taomuus 4
BwmicT MiHEepaTbHUX PEYOBHH MOJIOYHOI CHPOBATKHU

MinepansHui Bwmicr MiHepaliB, | Bwict minepadnis, %
KOMITOHEHT mr/100 r
M’ ski TBepni M’ sxi Teepmi
CHpH CHpH CHpH CHpH
K 153 123 2,25 1,84
Ca 92,8 36,5 1,36 0,54
Mg 9,0 6,5 0,13 0,1
Na 39,8 45,5 0,58 0,68
P 58,0 43,0 0,85 0,64
Bwmicr MiHepalis,
MKr/100r
Fe 106 89
Mn 2,8 0,6
Cu 6,8 3,5
Zn 234 11

Takum umHOM, OiONIOTiIYHA LIHHICTH CHPOBATKH OOYMOBIICHA
IIUPOKUM  CIIEKTOpM  (pakmiiHOoro BMicTy OinkiB  Ta  ix
AMIHHOKHCITIOTHUM CKJIaJIOM, HAasBHICTIO 3HAYHOI KiJIBKOCTI >KUPHHUX
KHCIIOT, TIEBHOIO KINBKICTIO (ocdomimigiB, BHUCOKAM BMiCTOM
JIAKTO3H, MTUPOKUM TIEPETIKOM BITaMiHIB 3 IEPEeBaKalOuOI0 TPYIO0
B, a Tako)x 3HaYHUM BMICTOM MaKpOCJIIEMEHTIB Kalbllito, hocodpy
Ta Kajiro. BomHouac, OiojoriyHa HIHHICTh € JEII0 OOMEXKEHOIO 3
OMJIANY Ha MPaKTHYHY BIICYTHICTH MONIHACHUEHHUX XUPHUX KHUCIOT,
a TaKOXX HENPUUHSATHICTH BYIJIEBOJHEBOTO CKJIAly CHUPOBATKH IS
3HAYHOIO BIJCOTKY HacelieHHs. [loTpamuissioud B JIFOJCHKHI
Oprasi3zM, OiOJIOTiYHO IIiHHI KOMIIOHEHTH MOJIOYHOI CHPOBATKH
3a0e3MeUyIoTh PSJl MO3UTUBHHUX €(EKTiB, IO PO3KPUBAIOTHCS B
paMKax HaCTYITHOTO BY3b4OTO MOHATTS— ()i310J10T19HOI I[IHHOCTI.

Dizionoziuna yiHHicMb CUPOBAMKU BU3HAYAETHCS 3IaTHICTIO
i1 GiOJIOTIYHO MIHHWUX KOMIIOHEHTIB BILTUBATH Ha HEPBOBY, CEPIIEBO-
CYJIUHHY, TPAaBHY Ta IHII CUCTEMH JIFOACHKOIO OpraHi3My, a TaKOX
Ha TPOTHIII0 OpraHizMa iHQEKIIHHAM 3aXBOPIOBAHHSAM. Y I[LOMY
OJI0Lli TPOMOHYEMO PO3IJSIHYTH BHECOK KOXKHOI OKpeMoi rpynu
KOMIIOHEHTIB CHPOBTAaKH Ta X KOPUCHI €EeKTH JIJIsl OpraHi3My.

61



Koxna 3 oOinkosux pakyiti CUPOBATKH Ma€  CBOIO
(hizionoriuHy MiHHICTB.

B-JlakTormoOymiH 3B’A3y€ JKUPOPO3UMHHI BiTaMiHH, IO
migBHINYeE iX 010AOCTYMHICTh, TpaHCIOPTYeE BiTamiHu A 1 D, 3B’s3ye
MiHEpaJii 1 TPAHCIIOPTY€E iX 4Yepe3 CTIHKM KuiedHuka. HesaminHi
aMIHOKHCIIOTH 3 PO3TaTy>KeHUM JIAHIFOTOM, DKEPENIOM SIKHX € TaHUi
Oinok, 3a0esmnedyroTh 30epiraHHs M S3iB Ta TIIKOTEHY MiJ dYac
(hi3muHMX HaBaHTakeHb. [lopsiy 3 MM, BiH Ma€ BHCOKY 37aTHICTh JI0
TeIEyTBOPEHHS 3aJI€KHO BiJl KOHIEHTpamii Oinka, Temrmeparypu
HarpiBanHs, pH, HasBHOCTI iHmMX OiNKiB, MiHEpAIbHUX PEUOBHH.
3narHicth B-Lg yTBOproBaTH reii 3 i0HAMH METalliB, TAaKUMHU SK
3aJ1i30, MOK€ MaTH BaXXIIWBI Xap4oBi Hacmiakd. [lentuam cupoBarkw,
K1 MOXOJATh 3 B-makrornobyminy, MaloTh CHJIbHY
AHTHTINIEPTEH3UBHY IO, ExcriepuMeHTaNbHI  JOCITIIKCHHS
MOKa3ajy, MO0 OCHOBHa (ppakilisi CHpOBaTKOBOro Oiika 3amobirae
OTIOCEPEIIKOBaHIi  OCTEOKIIacTaMH  pe3opOmii  KicTok. bymyunm
KUTBKICHO OCHOBHHMM OiTKOM CHPOBaTKH, BIH HE MICTHTBCS Y
YKIHOYOMY MOJIOTII 1 € allepreHoOM ISl JiTei TPYJHOTO BiKY, a TAaKOX
MO’K€ BUKITMKATH aJeprivHi peakii y mropociux ocio.

0-JlakToanpOyMiH pPEryiitoe CHUHTE3 JIAKTO3U, HOr0 BMICT €
MPONOPLIHHIM 10 KOHIEHTpalii JIAKTO3M B MOJOWi. € mKeperoM
He3aMiHHOT aMiHOKHUCIIOTH TPUIITO(aHy, siKa JONOMAarae peryroBaTH
MpoLIeCH CHY, HacTpiii Ta crpec B oci0. IlposBise cebe sk
e(EeKTHBHUI areHT JOCTaBKM JIKYBAILHUX PEYOBHH, a TAKOX SIK
a7copOeHT KIIITUHHOI TIOKO3W s 3amoOiranHto miabery Il Tumy.
Bynu mpoBeneHi JOCTIKEHHS, $Ki BKa3ylOTh Ha aloNaTHYHY
aKTHBHICTh OiNKa TPOTH paKOBUX KIITHH, y BHUMNAJIKy HOro
cTa0umizamii B3a€EMOMIEI0 3 OJIETHOBOIO KHUCIOTOIO BiH CTae
CMEpTeNIbHUM JUIs pakoBux KiitnH. Came o-JlakroanbOymiH €
MEPBUHHUM O1UTKOM JKIHOYOTO MOJIOKa i ckjiajgae Omusbko 40%
CHPOBATKOBHX OiJIKIB Y HbOMY.

CupoBarkoBuil anb0ymiH y Mojoui (i3u4HO Ta IMyHOJIOTiYHO
1IEHTUYHUHA CHPOBAaTKOBOMY allbOyMiHY KpOBi, SIKHH € OCHOBHHM
OimkoMm KpoBi. € OaraTo@yHKIIOHaTBHAM OIUTKOM, [0 YYJOBO
3B’s3y€ JIraH/AH, )KUPHI KUCIOTH, CMaKOBi CIIOJIYKH Ta 10HH METaJIiB.
Mae mnoTreHIiand y OpUTHIYEHI PAaKOBUX KIITHH MOJIOYHOI 3aJI03H
JFOJIMHU, SIKIIO HOTO BKJIOYATH B KyJIbTYypy KIITHH IN Vitro 3
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MyXJIMHHAMH KIiTHHaMu. [lenTuam, mo yTBOPIOIOTECS B PE3yNIbTATI
rigpomizy OijKa, MOXXYTh MaTH KOPHUCHY Oi0JIOTIYHY aKTHBHICTb.

IMyHOTTIOOYTIHM € BaKIMBUM  KOMIIOHEHTOM  3aXHUCTY
OpraHi3My BiJ XBOPOOOTBOpPHHX OakTepiii Ta BipyciB, TOKCHHIB i
BIJIITPalOTh BAXIIMBY POJIb B iMyHHIN cuctemi. Kimpka AOCHTIKEHb
MOKa3ajiy, M0 IMyHOTJIOOYIIiHM MOJIOKa e(QeKTHBHI TpPOTH
poToBipyciB Ta iHmuWX iHpekuii. Haxxomkenns OinkiB wiei rpymu
3HIDKY€E PH3HK IITYHKOBO-KHIIKOBUX PO3JIa/iB, BKIIOYAIOUH Jiapero
MaHJIpIBHUKIB. € KOPUCHHUM JUTSI CIIOKWUBAHHS 3 METOIO 3MIITHCHHS
IMYHITETH JJIs1 yCiX BIKOBHX TPYI — BiJl HEMOBJIST JI0 OCi0 MOXUIOTO
BIiKY.

Jlakrodepun Tak camo, sk i a-JlakToanpOyMiH cCKanamae onHy
3 mepeBaxarunx (pakifiii kiHouoro Moisioka. Crpusie 3pOCTaHHIO
KOpUCHHMX OakTepid, MOKpalye iMyHOMOIYJIOIOYY aKTHUBHICTb
3aBIAKH TPOTUMIKPOOHIH Ta aHTUTOKCHHOBIH AaKTHBHOCTI MPOTH
IIMPOKOTO CHEKTpy OakTepiit i apikmkiB. BiH Takox 3abe3medye
3aXUCT BiJi TeHAaTHTy, TPUIYy Ta IHUTOMErajoBipycy. JlocimmKkeHHS
CBiIYaTh NPO Te, IO JIAKTO(QEpHH, BBEICHUH NapeHTEpPaJbHUM
[UITXOM, MOXE MaTH BaXKJIMBI MPOTUITYXJIMHHI BIACTUBOCTI. Bijok
MOJKE JIOKAIBHO 3B’SI3yBaTH 3aji30 B TKaHWHAX, BIUIMBAE Ha PICT i
nudepeHLiaiio KITHH, eMOpiOHaJbHUH PO3BUTOK, MI€JIONOE3,
aAre3iro eHAO0TEeNaTbHIX KIITHH, yTBOPEHHS IIUTOKIHIB 1 XeMOKIHIB.

JlakTomiepokcuaaza €  3aXMCHUM  (akTOpOM  TPOTH
iHQeKIIHMX MiKpoOiB, TpurHidye pict Oakrepid. IIpoTteozo-
MEeNTOHOBa (ppakilis MOXe BHUKOPHCTOBYBATHUCH SIK OihimoreHHMIMA
(hakTop, Mae IMyHHO-CTUMYITIOFOUI BIIACTUBOCTI Ta MPOOAKTEPiaIbHy
Ji10.

HanxomkeHHs CHpOBaTKOBUX OWUIKIB B OpraHi3Mm 3a0e3nedye
HAaJIXO/DKEHHS  3HAYHOI  KUIBKIOCTI  amiHOKuciom, — 30KpeMa
HE3aMiHHUX, SIK BXe 3rajyBajioch panime. I[lepeBakarounmu
¢bpakuismu € gaevinme  (9,5%), nmizun (8,8%), Tpeowin (6,9%),
i3ometinuH (6,0%) Ta BamiH (6,0%). AMIHOKHCIOTH 3 PO3TaTy’)KEHUM
JAHLIOTOM - OCOONMBO JIEHIIMH, BiAIrpalOTh BAXKIMBY pOJb Yy
pPEryJIOBaHHI MeTa0oJi3My Ta TJIIOKO3U, CTUMYJIIOIOYH M'SI30BY
TKaHUHY 32 JOIOMOTOI0 IIOJEHHOI MpOrpaMu BIPaB, HIO TaKOX
cnpusie BTpari xupy. JleinmH Oepe y4acth B 0OMiHI OiNKiB i
BYTJIEBOJIIB, 3HUKYE BMICT I[YKpIiB Y KPOBi. Y CIUTBHIH /i1 3 BaJliHOM,
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BiH 3a0e3redye 3aXHUCT M’SI30BHX TKAaHWH Ta CHPHUSIE BiIHOBJICHHIO
KicTKOBOi ~ TKaHWHM, TmKipu. Jli3MH HOpMamizye KpoBooOir,
OiATPUMY€E HEOOXIIHUHA piBeHb TeMOTJIO0iIHY, CHpHUsIE 3aCBOEHHIO
KaJbllifo, Oepe y4acTb Y CUHTE31 aHTHTLI, TOPMOHIB, ()epPMEHTIB, Ma€
MPOTUBIPYCHY aKTHBHICTh. TPEOHIH MIATPUMY€E Tporiecu OiTKOBOTO
0o0MiHy, cripusic OOMiHY XHPiB, KoareHy, exactuny. [losipa 3 mum €
IMYHOCTUMYJIITOPOM, 1HTEHCH(IKye MpoLecH CHHTE3y aHTHTIN,
IMyHHUX O1TKiB, TpaBHUX (pEpMEHTIB, TIilepuHy. [30melnH cpuse
30UTBIIIEHHIO (DI3UYHOI Ta TICUXIYHOI BUTPUBAJIOCTI JFOAMHH, CIIPHUIE
nepebiry 0i0XiMiYHUX TPOIIECIB MO0 CHUHTE3y eHeprii, ctaburizye
piBeHb LYKPY Ta iHCYJiHYy, Ma€ BHU3HAYaJIbHY POJIb Y BUPOOHUITBI
remornobiny. Okpim 3ragaHoi (yHKIIT 3aXUCTY M S30BOi TKaHWHH,
BaJIiH Oepe yJacTh B IPOIIECax POCTYy 1 CHHTE3y TKaHHH, 3a0e3meuye
3aXHCT MI€JTiHOBOI 00OJIOHKH HEPBOBHX 3aKiHUEHb, PETYIIIOE€ HEPBOBI
NpOLIECH, CHHTE3ye Ta 3a0e3ledye HAKONWYEHHS TJIKOTEHY.
Tpunrodan mnpuitmMae y4acThb B TIPOIECi BiTHOBICHHS TKAHUH.
MeTioHiH monepekae OKUPIHHS HUPOK, YPaXKCHHS JIETCHIB, CIIPUSIE
YTBOPEHHIO 1HCYITiHY.

JIOWiNBHO 3a3HAYUTH TaKOXX HAIXOJDKEHHS 3 CHPOBATKOBHMH
OimkaMM  aMIHOKWJICOTH  LUCTeiHy, ska Oepe y4actb Yy
BHYTPIIIHHOKJIITHHHOMY BHPOOHMIITBI TIIyTaTioHy. [yTaTioH €
010JIOT1YHO aKTUBHUM TPUIEITHIOM, SIKHH 3a0e3Meduye MiITPUMKY
IMYHHOI CHCTEMH OpraHiaMy. 3arajiom, cupoBaTka Oarata Ha BMICT
MENTHIaMH aHTUOKCHUIAHTaMHU, SIKI MalOTh Paii03aXxMCHI BJIACTUBOCTI
Ta 3a0€3MeYyI0Th 3aXHCT MIKiPH JIFOACEKOI0 OpraHi3my.

SKImo po3rnmsgaTH CHUPOBATKOBI OiNKW B KOMIUIeKci 0e3
(dpakIiiiHoro MoJiNy, TOJMI MOYKHA OXapaKTepU3yBaTH 3arajibHUN
BIUTMB Ha CUCTEMU JIIOJICKKOTO OpPraHi3My 3a HACTYITHHM IepellikoM
OCHOBHUX €(DeKTiB:

- IlpoTr3ananbHuil Ta AHTUOKCUIAHTHUH;

- IMmyHOMOAYIIALIIS Ta MIATPUMKA IMyHHOT CHCTEMH,

- Hopmani3auist cepuieBo-Cy IMHHOT CHCTEMH;

- IlinTprMKa HEPBOBOI CUTEMU;

- [linpriMKa TpaBHOI CHCTEMH;

- [IpotuniabeTnuna nis;

- 3axHCT, BIIHOBJICHHSI Ta CTUMYJIALIS M 5130BO1 Ta KiCTKOBOL
TKaHWH;
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- JlixyBaHHA (heHIIKETOHYPIT;

- OcTeonpoTeKIIis;

- lepMaTonpoTeKTOPHU;

- [lpurnideHHs mpoueciB O>KUPiHHS,

- [IpurHiYeHHS] paKOBHUX KJTITHH.

Leit mepernik He € OOMEXEHUM, apKe iCyHE HAOarTo MHUPIIAN
MEepeNiK ONoCepAKOBaHUX e(eKTiB, SKi CyKYIHO i3 Oe3mocepeaHiMu
(hopMyroTh (Pi3i0NOTIYHY IMIHHICTH CHPOBATKOBHX OinKiB. OmHaK,
MUTaHHS OUIAXiB 1 peamisarii € AWNCKYTOBaHHM, axke edextn
OKpeMUX OiTKOBHUX (pakiiii MOKyTh OyTH OiNbLI HIHHUMH y TIEBHUX
BUMAJKaxX Yy MOpPIBHSIHHI 3 e(eKTaMl KOMIUIEKCY CHPOBAaTKOBUX
OJiKiB.

3 omay Ha Te, IO JKIHOYE MOJIOKO HE MICTUTh [3-
JlakTornoOyIiHy, MOJOYHA IPOMHCIOBICT HE MOXKE BHUPOOISATH
mpoaykTH, 30aradeHi o-JlakToamsOyMiHOM, 3 KOPOB’SIOTO MOJIOKA
IUIl  BKJIIOYEHHA Yy JuTsue xapuyBaHHA. [lpucytHicts f3-
JlakTorn00yNiHy B IUTSYMX MOJIOUHHX MPOAYKTaxX MPHU3BEAE M0
JIEPriYHUX peakliil Ta MOPYIICHHS HOPMAIbHOIO Xap4dyBaHHS, a SIK
HACNIJIOK PO3BUTKY HEMOBIAT. BomHodac, QpakuiiHuii ckiang
CHUPOBAaTKOBUX OUIKIB € IJEHTHYHUM J0 JKIHOYOrO0 MOJIOKA, IO
XapaKTepU3yETbCsST BHCOKMM BMICTOM  JlakTodepuHy Ta  O-
JlakToansOyminy, SIKMH € Apyroro 3a po3mipoM ¢pakuiero. OnHak,
HaAMOIBITY YacTKy Bif yciX OUIKIB y CHpOBaTIi Mae amepreH f-
Jlaktrorno6ynin. Lle BusiBisie morpedy y ¢pakiiiiHOMy BHITy4YeHHI
OiNKiB, 30KpeMa il OTPUMaHHS KOMIUIEKCIB 0e3 MpuCyTHOCTI [-
JlakTornoOymniHy, KOMIUIEKCiB 30raueHnx o-JlakroanmsOyminom, abo
K B3araji JJisl OTpPUMaHHS OKPEMHUX IIILOBHUX OLTKOBUX (paKIliii.

VY cBOIO HYepry TIIKOMakpOTeNTH[, IO BXOAWTH JIO CKIaxy
MPOTE030-TIENTOHOBOT  (hpaKIlii, XapaKTEepU3YETbCA BIJICYTHICTIO
3aMumKiB  QeHinanaHiHy, TpuUnTtoany, TUPO3UHY, TiCTHIUHY,
apriminy abo wucreiny. BiacytHicTh ¢eHinamaniHy poOHUTH Iel
OIIOK LIHHMM XapyoOBHM IHTPENIEHTOM Uil TALI€HTIB, SKi
CTPaXIAal0Th Ha (PEHIIKETOHYpito. DEHITKETOHYpisl € TeHEeTHYHUM
3aXBOPIOBAHHSM, 1 On3bKo 15 tucsd nronelt y Crionydyennx Ll tarax
CTPaXXIAIOTh BiJ HOro AedekTy. TakuM YMHOM, LibOBE BHUITyYEHHS
[JIIKOMAaKpOIIENTHAY  JO3BOJIIE  CTBOPIOBATH  YMOBH  JUIA
3a0e3TeUeHHs] XapuoBOro MPOQLII0 TAKKUX MAIIEHTIB.
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Otxe, QpakuiiiHe BHIyYeHHS NMEBHUX CHPOBATKOBUX O1NIKiB
JO3BOJINTH  3a0e3ledyyBaTH BUPOOHHULTBO JAUTSIYUX IPOLYKTIB
XapuyBaHHS i3 3aJaHUM OiIKOBUM BMICTOM, & TaKOX BHPOOHHIITBO
CHeLiani30BaHNX XapuoBHX J00ABOK JIIKAPCHKOTO Ta CIHOPTHBHOTO
xapakrepy. L{poro Mo’kHa JOCATTH Pi3HUMH CIIOCOOAMH, BKITIOYAIOUN
xpomarorpadito, MeMOpaHHY (QITbTpaIlilo, arperamito/ocaKeHHs,
rizpomi3 gepMeHTIB, 0 Oyae PO3KPUTO HIXKYE.

Takum gmHOM, (i3ioOTiUYHA IIHHICTHE CHPOBATKOBUX OILJIKIB
XapaKTEPHU3Y€EThCS ITHUPOKUM IIEPEITIKOM ITO3UTUBHHUX €(EKTIB I
OUIBIIIOCTI CUCTEM JIFOJICHKOTO OpraHi3My Ta MPOTUBIPYCHOIO i€,
II0 MOXE peali3oByBaTHCh SIK KOMIUIEKCHO TakK 1 OKpPeMHUMH
(pakmismu, mo noTpedye MmomaIbIIuX JOCTiKEHb.

PoskpuBatoun (izionoriyHy LIHHICTD J#CUPI6  cUpogamxu,
BapTO 3a3HAYMTH, IO BOHA € OOMEXKEHOI0 BPAaXOBYIOUM KPUTHYHO
HU3BKUI BMICT TIOJMIHACHYCHHX JKHPHHUX KHCIOT Yy CHpPOBATI,
30KpeMa JIIHOJICBOI Ta JIHOJEHOBOI, SKi OCpyTh aKTUBHY Yy4acTh y
OOMIHHMX  Tpolecax, BUBOIATH 3  OpraHi3My  HaJUIHIIOK
XOJIECTEPHHY, HOPMAIi3yIOTh (YHKIIFO TEYiHKH, TPOQiTaKTHIHO
THIOTH TIPOTH CKJIEPO3y, Tommo. OmHaK, IPH MOTPATUITHHI MOJIOYHOTO
KHUPY 3 CHPOBATKOIO B JKUPOBUX OOOJIOHKAX MICTATHCS pocdomimiay,
SIKi € OCHOBHUM KOMIIOHCHTOM 0ioMeMOpaH KIITHHHHUX CTPYKTYp Ta
BIJIITPalOTh ICTOTHY POJIb B MPOHUKHOCTI KIITHHHUX OOOJIOHOK i
BHYTPIIITHBOKIITHHHOMY 00MiHi. HaifOLIbII BaXKITUBUMU CepeJl HUX €
JICIIUTHH, CIHTOMIENIH Ta KedaTiHu.

Jlemutue OGepe ydacTh B yTBOpPEHHI MeMOpaH KIIiTHH,
0co0JIMBO B HEPBOBHX BOJIOKHAX Ta TOJIOBHOMY
M03Ky. ChiHTOMI€NIH Tpa€e BAXKIUBY CTPYKTYPHY Ta (PYHKI[IOHAIBHY
poJib y KIIiTHHI. BiH € KOMIIOHEHTOM ITJIa3MaTHYHOI MEMOpaHu Ta
Oepe ydacTh y 0araThOX CHTHAIBHHX TNLIsSXax. Mertabomizm
chiHroMieniny cTBOpIO€ 0e3Ji4 MPOIYKTIB, K1 BiAIrPalOTh BaXKIUBY
ponb y KiiTHHI. Bimirpae BaxJMBY poOjb y CHUTHAIBHUX MUIAXAX:
Jerpajaiis Ta CcHHTe3 C(QIHrOMieTiHy BHPOOISIIOTh BaXIIHBI
BTOPHHHI ~MECEH[pKepH i nepepadi  curHainy. Kedaninu
HiATPUMYIOTh HEPBOBY CHCTEMY Ta MICTATh 10HI30BaHi (Tpu
HeHTpanbHUX 3HaueHHSX pH) 3aMUILKK KUCIOTH Ta aMiHy, L0 Ha/la€e
MOJISIPHOTO  XapakTepy Ta 3HA4YHOI MIpOI0 BHM3Ha4yae ixX i
(yHKIIIOHABbHI BIACTHBOCTI.
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V Bumazakax, KOJIH CHPOBATKA IMiIA€THCS CETIapyBaHHIO BMICT
JKUPIB MIHIMI3Y€THCS 1 TPAKTUIHO JOPIBHEIO HYIIO. 3 BpaxyBaHHIM
OCTaHHBOTO (AaKTOpy, a TaKOX OXapaKTEPU30BAHOTO BILUIMBY
CHPOBAaTKOBHX JKHPIB Ha CHUCTEMH OpraHi3My JIOAWHY, MOXHa
3poOUTH BICHOBOK TPO iX 0OMeskeHy (hi310710Ti9Hy HiHHICTB.

diziojoriyHa MIHHICTE 6Y2ne8odis cuposamky TIEPII 3a BCE
MOB’s3aHa 3 BIUIMBOM JIAKTO3W Ha opraHi3M. Jlakro3a 3a0esmeuye
MTO3UTHBHUN BIUIMB Ha TIPOIIECH 3MIIIHEHHS IMYHITETY JIFOUHU, MaE
MpOo(iTaKTHYHY Jif0 HA CEPIEBO-CYAMHHI 3aXBOPIOBAHHS, TIOKPAIIYE
Ta CTUMYJIOE CTaH pOOOTH HEPBOBOI CHCTEMH, 3aCTOCOBYETHCS IS
O0opoTeOM 3 Oe3coHHsM, #AK iHTeHcu(ikarop Habopy Barm,
HOpMaJTi3ye poOOTy KHIIKOBO-IITYHKOBOTO TPAKTY, 30KpeMa CIIpsE
PO3BUTKY JIAKTOOAKTEpiH, K 3armo0irat0Th BUHUKHEHHIO THUJIBHUX
MPOIIECIiB Yy KUIIKIBHUKY, HOPMaJli3ye OOMiH KaJbIIO 1 JOMOMAarae
KHUIIEYHUKY 3aCBOrOBaTH BiTaMinu B i C.

Takum umHOM, (i3i070TiYHA IIHHICTH BYTJIEBOIIB CHPOBATKH
MOJISITa€ y iX MO3UTHBHOMY BIUIMBI Ta MIATPUMII CEpIEBO-CYTUHHOT,
TpaBHOI, IMyHHOI Ta HEPBOBOI CUCTEM OpTaHi3My.

Baromoro cknazoBoro (hi3ionoriqHOI IIHHOCTI CHPOBATKH €
camMe BIUIMB GIMAaMiHié Ha OPraHi3M JIIOJWHUH, SKI BXOAATH JIO ii
ckiany. IloueproBo posrisiHeMO e(eKTH Bifl KUPOPO3UMHHHX Ta
BOJIOPO3YMHHUX BiTaMiHiB.

B Gomi skxupopo3unHHEX po3risiHeMo BiTaminu A, E Ta Oera-
KapoTHH. BitamiH A (peTWHON) Ha3WBAIOTh HAaHBAKIIMBIIIUM
KUPOPO3YMHHUM  MIKpOHyTpieHTOM. Binm 0Oepe ydacte y
eMOpIOHATbHOMY PO3BUTKY, TPOIECi POCTY KIITHH, BiJHOBJICHHI
TKaHHH IIKIpHA Ta 000JIOHOK KHUILIEYHHKA, MATPUMYE QYHKIIIT 30py Ta
iIMyHHY cUcTeMy. € aHTHOKCHJIAHTOM Ta Oepe y4acThb Y BHBEJCHI
BUTPHUX pajuKamiB. beTa-kapoTWH € TpPOBITAMIHOM Ta MOXe
nepeTBoproBarucs Ha Bitamid A. CrioxxusanHs Oubire 30 mMr Oera-
KapOTHHY MOXe€ HajaT IKipi edekr 3acmaru. Lle € pesynbrarom
HaKONMYEHHs OeTa-KapoTWHY B MiJUIKIPHIA  KJIITKOBHH, B
OCHOBHOMY B JOJIOHAX Ta ctomnax. Bitamin E € anTHokcmmaTHOM,
Oepe yuacth y OiocuHTE31 reMa i OUIKiB, Oepe ydacThb y mporecax
KIITHHHOTO MeTabomizMy. BiH mokpaiiye crioxMBaHHS TKaHHMHAMH
KHCHIO, CTHMYJIIO€ TIPOLECH KPOBOHOCHOI CHCTEMH, 3abe3redye
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iMmyHOMOymotounii edekT. IlinTpuMye penpomayKTHBHI TpolecH Ta
CTaTeBY CHCTEMY.

B Gro11i Bojiopo3unHHUX po3risHeMo BitaMinu Bi, By, Bs, Be,
Bg, B4, PP. Bitamin B1 HOpMaiizye oOMiH pedOBHH i MepeTBOPIOE
MIO’KMBHI PEYOBHMHHU B eHeprito. Bitamin B; mepeTBopioe mpoaykTw
XapyyBaHHS B €HEPTil0 Ta 3HIDKYE HETaTHBHHUH BIUIMB OKHCHOTO
crpecy. Bitamin Bs Oepe ywacTe y BHpOOJEHHI TOPMOHIB,
MerabomisMi Ta  BHPOOHHMNTBI  XolecTepuHy. Bitamin Bsg
BUKOPHCTOBYETHCSI OPraHi3MOM JUIsI BHPOOJICHHS EpPUTPOIUTIB i
HelpoTpacMiTTepiB. Bitamin By Oepe ydacTh B mpoliecax pocTy
KIIITHH, TEPETBOPEHHS YEPBOHMX 1 OUIMX KpOB'IHUX TiNlelpb,
HOpMauTi3amii KIITHHHOTO TOMINY, 3HIKYE HETaTWBHUN BILTUBY
OKHCHOTO cTpecy. Bitamin Bs OGepe akTHBHY yyacTh B pO3IIEIUICHHI
XKHUpIB, MIATPUMII CTaHy 1 (YHKIIOHYBaHHS pPENpPOIYyKTHBHOI
cuctemu. BiH akTHBi3ye pereHepariro M'SKAX TKaHUH, OCOOJIMBO
TKaHWH  TICYIHKH, 3aBOIKH  YOMY  3aIl00iraeTbCs  IpoIec
KaMEHEYTBOPEHHS B JKOBYHHMX THPOTOKax 1 Mixypi. Mae
MpOo(iTaKTUYHY JIit0 IO 3aXBOPIOBAaHb CEPIIEBO-CYANHHOI CHCTEMU. €
PETYIATOPOM PIBHIO XOJIleCTepuHY B KpoBi. Bitamia PP 6epe yuacts
y 3a0e3MeyeHHl peakIliii BYIJIEBOJHOr0, OUIKOBOTO, JIMiJIHOTO,
BOJIHO-MiHEpaIbHOro 00MiHY, (DYHKIIOHYBaHHI HEPBOBOI i CepIeBO-
cyauHHOi cuctemu. IlinTpumye MisUTBHICTH NMUTYHKOBO-KHIIKOBOTO
TPaKTy, ME4iHKA, HUPOK Ta T'OJOBHOTO MO3Ky. [lepeBaxarounmu €
BiTaMiHM Tpynu B, BkuBaHHS sKux 3a0e3ledye 3HWKEHHs PIiBHS
PO3yMOBOi BTOMH 1 CTpecy, 3HIDKEHHS DPiBHS TPUBOTH 1 3armobirae
PO3BUTKY JeTiepecii.

Takum 4uHOM, (i3ioNoriyHa MiHHICTH BiTaMiHIB CHPOBAaTKU
3a0e3MevyeThCsl IX y4acTH B MPOIECaX 3BHYANHOIO Ta KIIITHUHHOTO
MeTaboi3My, MATPUMIN IMYHHOI, CTAaTeBOi, CEepIeBO-CyIWHHOI Ta
HEPBOBOI CHUCTEM OpraHi3Mmy, 3 MEpeBaKarouuM BMIiCTOM BiTaMiHiB
rpymnu B.

@Di3i05I0TIYHY I[IHHICTD MiHEPANbHUX PEUOBUH CUPOBAMKU
XapakTepu3ye BIUIUB MEPEBAKAIOYMX MAKpPOEJIEMEHTIB KaJIbIIilo,
Kaliro, ochopy Ta HATPIIO HA CHCTEMH OpPTaHI3MYy.

Kanp1ifi BruinBae Ha MIIHICTh KICTOK i 3y0iB, TOHYC M’S3iB,
poOOTY KpOBOHOCHMX CYOMH Ta AaKTUBHICTb HEPBOBOi CHCTEMH.
[linTpMka JMaHOTO MakKpoelIeMEHTY B 30allaHCOBAaHOMY CTaHI B
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OpraHi3Mi 3HIKY€ PH3WK TIEpeJIOMiB, OCTEONopo3y, aiabery i
aBitamiHo3y. Kampmiii Bifirpae KIIIOWOBY poNlb Yy TMpoIecax
CKOPOYCHHS M’5I3iB, aKTHBAIii SHICKIITUH, PO30yJOBH MIITHUX
KiCTOK 1 3y0iB, 3rOpTaHHS KpOBi, pOOOTH HEPBOBOI CHCTEMH,
PETYIIOBaHHS CEpIEBOTO PUTMY Ta PIBHOBAard piIWHU BCEpemnHi
kimitiH. Kamiit perymioe (QyHKIIOHYBaHHS M S30BHX BOJIOKOH,
KPOBOHOCHHMX CYJHMH 1 CEpIEBOrO M’si3a, CTalLIi3ye mepepoOKy
IyKPY B €HEprilo, HOpMaJi3y€ piBEHb ENEKTPONITIB B KpOBi 1
CTUMYIIOE poOOTy HepBoBOi cuctemu. OcobmmBa (QyHKIIS KaTiro -
e 3aIy)KEHHS KPOBi Ta PETYJIOBaHHS PIBHS MarHilo B CHPOBATIi
KpoBi. BiH HOpMai3ye HpoBiIHICTH HEPBOBUX BOJIOKOH, CIIPUSIOUYH
YCYHEHHIO NIEMPECHBHUX pO3JadiB, 1 cTadim3ye poOoTy MO3KY,
MIABUIIYIOYM JIOCTYH KHCHIO JI0 IIbOTO OpraHy. 3abe3meuye
cTablibHEe (QYHKIIOHYBaHHS cepleBO-cyauHHOI cuctemu. Docdop
Oepe ydacTh y IpoIiecax po3noaiTy KITHH, CHHTE3Y eHeprii, 0OMiHy
pedoBWH, cTabumizye poOOTy WEHTPAIbHOI HEPBOBOI CHCTEMH,
3abe3neuye Oananc gocdopy i kanbiliro, Tomo. Hatpili 6epe yyactsb
y MATPUMIN HOPMAaJbHOTO KIITHHHOTO TOMEOCTa3y, Yy PperyJsmii
PIIUHHOTO Ta EJICKTPOJITHOrO OallaHCy Ta apTepiaJbHOTO THCKY.
Mae BaroMuii BIUIMB Ha MIATPUMKY OOCSTY EKCTpameroisipHOl
piavHM, 3aBIIKKA Horo ocMoTwyHii nmii. bepe y4yacte B mporecax
30y/DKeHHS M’S30BHX Ta HEPBOBHX KJIITHH Ta TPAaHCIIOPTYBAHHS
MOKUBHHUX PEUOBHH Yepe3 MeMOpaHH IJIa3MH.

[TinTpuMka 3/1€01JIbIIIOr0 OIIOPHO-PYXOBOI, CEPIIECBO-CYIUHHOT
Ta HEpPBOBOI CHCTEM OpraHi3My Wil BIUIMBOM MaKpOEJIEMEHTIB
CUPOBATKH, XapakTepusye (i3i0N0riuHy I[HHICT i MiHEpaIbHHX
PEYOBHH.

TakuMm yrHOM, (hi3i0I0TIUHA IIHHICTH CHPOBATKY 00YMORBJICHA
MIMPOKHM CIIEKTPOM TO3UTUBHHUX €(PEKTIiB IJISi CUCTEM JIFOJICHKOTO
OpraHi3aMy Ta MPOTUIIEI0 THQEKIIHHUM 3aXBOPIOBAHHSAM 3aBISIKH ii
010JIOTIYHO I[IHHUM KOMIIOHEHTaM. 30KpeMa, CHpOBaTKOBI OiJKH Ta
aMIHOKHCIIOTH, IO BXOAATh JO iX CKIaAy MiATPUMYIOIOTh
MEepeBaXHy OUIBIIICTE CHUTEM OpraHi3My Ta MalTb BHCOKY
MIPOTUBIPYCHY [Ii10, II[0 MOYKE PEali30BYBAaTHCh SIK KOMIUIEKCHO TaK i
OKpeMuMH (pakiisMu, MO MOTpedye MMOAANBIINX JOCHIKCHb.
CupoBaTKOBi JXUPH MAIOTh 00OMeXeHy (i310JI0TiYHy LIHHICTb yepes
neBHU BIDIMB  (GochoNinaiB  Ta KPUTHYHO HHU3BKUH BMICT
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MOJIHACHYEHUX JKUPHHUX KHCJIOT, a TaKoXX BPaxoBYIOUH (akTop
MiHIMi3amii BMICTY JKHpIB 3a cemapyBaHHS CHpPOBATKH. ByrieBoam
MO3UTUBHO BIUIMBAIOTH Ta MiATPUMYIOTH CEpLEBO-CYAHHHY, TPaBHY,
iIMyHHY Ta HEpPBOBY CHCTEMHU OpraHizMy. Biraminm cupoBaTku
OepyTh y4acTh B MPOIECax 3BHYANHOTO Ta KIITHHHOTO METa0oIi3MYy,
MIATPUMII IMYHHOI, CTaTeBOi, CEpIEeBO-CyIUHHOI Ta HEPBOBOL
CHCTEM OpraHi3Mmy, 3 HepeBa’KalouMM BMICTOM BiTaMiHiB rpynu B.
MinepanpHi peYOBHHH 31€01IBIIOTO MATPUMYIOTh (DYHKIIOHYBaHHS
OTIOPHO-PYXOBOI, CEPIIEBO-CYIUHHOI Ta HEPBOBOI CHCTEM OPTaHi3My
miJ BIUIMBOM MakpoeJeMeHTiB cupoBaTkd. OTxe, Qizionoriuna
LiHHICTh CHPOBAaTKH MO OyTH OXapaKTepHh30BaHa SIK 3HauaHa Ta
KOMIUIEKCHA.

Dizionoziuny aKmueHicmy CUpoOGAMKU OXaPAKTEPHUIYEMO
BMICTOM OakTepiii Ta MPOAYKTIB iX JKHTTETISUIHOCTI, a TaKOX
edexTaMu, SKUMH BOHHU BOJOIIIOTb.

MoouHa cupoBaTKa € XOPOILINM CEPEOBHUIIEM IS PO3BUTKY
Pi3HUX MIKpOOpraHi3MiB, TOMY B Ipolieci 30upaHHs Ta 30epiraHuas i
CKJIaJl Ta BIACTUBOCTI MOXKYTh 3MIHIOBATHUCS, a SKICHI TIOKa3HUKH —
noripmutucs. LlpoMy cropusioTs 3HauHe OOCIMEHIHHS MOJOYHOL
CHPOBAaTKH MOJIOYHOKHCIMMHU OaKkTepisiMH y Tpoleci BUpOOHUIITBA
Ta OOCIMEHIHHS PI3HOK CTOPOHHBOI MIKPO(GJIOPO Yy TMpoleci
30upanHs, 30epiranHs Ta moxansiioi oopooku. [Ipu pomy, TakTo3a
MiANAEThCsl  (PepMEHTATUBHOMY — TiJpoJIi3y, BHACIiZIOK  HOTO
MiZBUINYETbCS ~ TUTPOBaHA  KHCIOTHICTh,  3HIKYETbCs  pH,
3’ABISETHCS MYTHICTB, BiJIOYBa€ThCS Tigpoii3 OUIKiB, KHUDY,
3MIHIOETBCS ~CMaK 1 3amaX, HarpoMaJKylTbcs HeOaxaHi
koMmnoHeHTH. [Ipu 30epiranHi 6e3 00poOIIEHHS CUPOBATKH MPOTSITOM
12 romuH BTpavyaeThes 25% eHepreTHHOI IHHOCTI CHPOBATKH.

Y MonouHill cupoBaTLi 6araTo MOJIOYHO-KUCIUX OaKTepil, sIKi
BUKOPHUCTOBYIOTBCSI npu reMo)epMEHTaTHBHOMY Ta
rerepoepMeHTaTHBHOMY OpOJIiHHI. Y BHUPOOHHIITBI TBEPIMX CHPIB:
Str.  thermophilus, L. Helveticus, L. Casei, L. Lactis,
Propionibacterium Shermanii; y BuUpOOHHLTBI M’SIKHMX CHPIB:
Streptococcuslactis, manmuxu pomy Lactobacillus Leuconostoc, siki €
¢axynpraTuBHUMH aHaepoOammu, Bacterium linens, Peniccilium
candidum, P. Album, P. Proqueforti, P. Camamberti, B. Casei,
Geotrichum candidum, Tomo. OkpiM mnepepaxoBaHUX TPy
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MIKpPOOpPTaHi3MiB, CHpOBaTKa MICTHTh 0arato TpeICTaBHUIB
BTOPHUHHOTO OOCIMEHIHHS, IO BWHHKAE ITiJ Yac TEXHOJOTIYHOTO
nponecy. Jo iX cKkmagy BXOAATh MOJIOYHOKHCII Ta OLTBOKHUCII
OakTepii, KUIIKOBI MaTWYK{, IUTICHSABI TpUOM, OPIXAI Ta CIIOPOBH
MIKpPOOpPTaHi3MH.

MomnouHokuCi  OakTepii CHpPOBAaTKM MAalOTh  HAYKOBO
OOTrpyHTOBaHI aHTOTOHICTUYHI BIACTHBOCTI y OOPOTHOiI 3 THUIBLHOIO
Mmikpodaoporo  TpaBHoro  Tpakty. bakrepii  Lactobacillus
BUKOPHCTOBYIOThCSI Y BHPOOHHUIITBI TPOOIOTHKIB K 3aco0iB
npodiIakTUKH AUCOAaKTepio3y KWIICYHHKY Ta IHIIMX TOPYIICHb
MiKpo(JIOpH KHUIIEYKHUKY. Y TpaBHOMY TpakTi naHi Oaktepii
MPUTHIYYIOTh MMATOTEHIB 32 PaXyHOK BUIIIIEHHS MOJIOYHOI Ta OITBOL
KHCJIOT. Takuit AHTaroHi3M  MOJIOYHOKHCIHX  OakTepiit
3a0e3MeUyeTChsl TaKOXK 32 PaxyHOK CHHTE3y crHenuidHux
aHTHOIOTHKIB, TakWX #AK HI3UM, JWAIDIOKOKIHH, anuaodiiiy,
JIAKTOLIMAMH, TOIIO. BaXIMBOIO € TakKoK 1 aAre3uBHICTH
MOJIOYHOKUCIIUX OakTepii — iX 37aTHICTh TNPWKUBIATUCH Ha
000JHKaxX PI3HUX TMOPOXKHUH OpraHi3My. MonouHokucni OakTepii
O0epyTh ydacTh y (YHKI[IOHyBaHHI IMyHHOI CHCTEMH OpraHi3my,
CTHUMYJIIOIOTh MPOTHITYXJIMHHY aKTHBHICTh. TaKoX IX HaIXOKEHHS
B OpraHi3M 3a0e3nedye 3MEHIIEHHs] TOKCHYHOTO BIUIMBY Ha OpraHi3M
ximioTepamii mpu JIiKyBaHHI IMyXJIMHHOI XBOpoOHW. BrmuBaioTe Ha
3HWYKEHHS PiBHS XOJIECTEPUY Y CUPOBATII KPOBi TOLIO.

Bucokuii BMICT MOJIOYHOKMCIMX OakTepii y CHpOBATII
JIO3BOJISIE CTBEP/UKYBAaTH, IO BOHA € (Pi3i0NIOTIYHO aKTHBHOIO, a
TaKOX, 10 HASBHICTh MPOOIOTHYHUX OakTepiil 3abe3mneuye 3MaTHICTh
CHPOBATKH JIO ayTOJIi3y B IIIYHKY JIFOJIMHH Ta MMOKPAIIECHHS MPOIIECiB
TpaBJeHHS Ta 0OMiHY PEHYOBHH, III0 3 TOYKH 30pY TEOpii aJIeKBaTHOTO
xapuyBaHHsI A.M. YroneBa CBiquUTh NPO 11 BUCOKY IIHHICTB.
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