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EJIEKTPOT'IJIPABJIIMHE OBPOBJIEHHSI MOJIOYUHOI CUPOBATKM:
MEPCIHHEKTUBU, MOXJIUBOCTI

Hocniosxceno ooyinvHicms UKOPUCTNIAHHS eeKmPOIOPasIiuHO20 00poOIeHHSA NpuU
nepepoonenHti MOIOUHOI CUpO8amKu.

Cmamucmuunuii  po3nooin  posmipié  HACMUHOK — CUPOBAMKU  3-Ni0  cupy
KUCTIOMOJIOUH020 SusHayanu Ha auanizamopi uyacmunox Malvern Zetasizer Nano ZS
(Malvern Instruments Ltd., Beauxobpumanis).

Jloseoeno, wo enexmpociopasniune 00pobaeHHA  3abe3neuye  NiOGUUCHHS
OUCNEPCHOCIE, CeOUMEHMAYIHY CMIUKICMb CUPOBUHU | 20MOBUX NPOOYKMIG, CHNPUSE
NOKPAWEHHIO OP2AHOAECHMUYHUX, (DIZUKO-XIMIUHUX MA MIKPOOIOIOIYHUX NOKAZHUKIE.

Bcmanoeneno zanescricmo posmipy 6inko6ux uacmuHoK 6i0 Hanpyau i KilbKocmi
pospsdie. Haiikpawoeo pesyromamy 0yno oocsewymo 3a Hanpyeu 45 kB i kinbkocmi
imnynvcie 20 i 25. 3a 3aznauenux pejicumie cucmema HAOAUNCATACL 00 MOHOOUCHEPCHOL,
Kinbkicmob wacmuuok 3 pozmipom nornad 500 um npsamysana 0o Hyns.

B cepedosuwyi mamemamuunozeo naxemy MathCad nobyoosano mamemamuuny
MOOeb, WO ONUCYE 3ANEHCHICIb PO3MIPIE DIIKOBUX YACMUHOK 8i0 OCHOBHUX NAPAMEmpI8
enexmpo2iopasniyno2o obpobaenns. Busnaueno onmumanvHi napamempu 00pooaeHHs —
rHanpyea 45 kB i kinvxicme po3psdis 20.

Bcmanosneno  nosumuenuil  6naue  enekmpozliopasniunoco  06pobaenHs  Ha
MIKPOOIONI02TUHI NOKAZHUKU MOJIOYHOI CUPOBATNKU.

Knrouosi cnosa: cuposamrka, enexmpociopasiiune 00poONeHHS, OUCNEPCHICMb,
PO3MIP YACMUHOK, eNeKMPOKIHeMUYHUL NOMEHYIAL, MIKPODIOI02IUHI NOKAZHUKU.
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SJIEKTPOTHPABJIUYECKASI OBPABOTKA MOJIOYHON
CBIBOPOTKMU: NTEPCITEKTUBBI, BO3MOXHOCTHA

Hccneoosana  yenecoobpasHocmv — NpUMEHeHUs.  DNEKMPOUOPAGIULECKOU
0bpabomxu npu nepepabomre MOIOUHOU CHIBOPOMKU.

Cmamucmuueckoe pacnpeoenenue pasmepos Hacmuy MEOPON’CHOU CbleOPOMKU
onpedensiniu na anaruzamope Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.,
Benuxobpumanus).

Hoxaszano, umo snekmpoeuopagiuieckas oobpabomra obecneuusaem NOGbIULEHUE
OucCnepcHocmul, CeOUMEHMAYUOHHYIO VYCMOUYUBOCMb CbIPbs U 20MOBbIX NPOOVKMOE,
cnocobcmayem VAYYULeHUIO OP2aHONeNMUYECKUX, PuUBUKO-XUMULECKUX u
MUKPOOUOIOSUYECKUX XAPAKMEPUCTIUK.

Yemanoenena 3asucumocms pazmepa 6enKO8bIX UACMUY OM HANPSAICEHUS U
Koauvecmea paspaoos. Haunyywue pezynomamol Oblau OOCMUSHYMbL NPU HANPAAICEHUU
45 kB u xonuuecmee umnyavcos 20 u 25. Illpu ykazaumnvix pesicumax cucmema
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npUOIUINCANACL K MOHOOUCNEPCHOU, Koauvecmeo yacmuy ¢ pasmepom ceviuie 500 Hm
NPUOIUINCANACH K HYJIO.

B cpede mamemamuueckoeo naxema MathCad nocmpoena mamemamuueckas
MOOeNb, ONUCLIBAIOWAs 3ABUCUMOCb  PAMEPO8  DEIKOBbIX HACMUY OM  OCHOBHBIX
napamempos  onekmpocuopasiuieckor  oopabomxu. Onpedenenvl  ORMUMATbHbIE
napamempul 0b6pabomru — Hanpsiicenue 45 kB u konuuecmaso paspsioos 20.

Yemanoeneno nonosicumenshoe @rusHue 31eKmpocuopagIuieckoi 0opabomrku Ha
MUKPOBUONIOZUYECKIUEe NOKA3amMent MOAOHYHOU Cbl8OPOMKUL.

Knrouesvie  cnosa. cblgopomkKa, anekmpozuopasiuieckas — obpabomka,
oucnepcHocme, pasmep yacmuy, 9NeKMPOKUHEMUYeCKUL nomenyuan,
MUKPOOUONO2UYECKUE NOKA3AMeNU
UDC 637.344:621.7.04
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ELECTROHYDRAULIC TREATMENT OF WHEY: PROSPECTS,
CAPABILITIES

The appropriateness of electrohydraulic processing in treatment of whey was
researched.

The statistics of the distribution of curd whey particles’ sizes was determined using
Malvern Zetasizer Nano ZS analyzer (Malvern Instruments Ltd., UK).

It was established that electrohydraulic processing leads to increase in dispersion,
sedimentation stability of raw material and end product, improves organoleptic, physical-
chemical and microbiological indexes.

The protein particles size dependence on the voltage and charges quantity was
established. The best results were achieved with 45 kV voltage and charges quantity of 20
— 25. At the mentioned modes the system was about to reach the monodisperse condition
and the above 500 nm big particles quantity was approaching zero.

Within the MathCad mathematical package the mathematic model was created,
which describes the dependence of the particle size of the protein on the basic parameters
electrohydraulic treatment. The optimal processing parameters were established: 45 kV
voltage and charges quantity of 20.

The positive impact electrohydraulic processing curd whey microbiological
indexes has been determined.

Key words: whey, electrohydraulic method, dispersion, particles size,
electrokinetic potential, microbiological indexes

Introduction. The sized up to 2 microns precipitated protein presence in the curd
whey provides negative impact on its procession technology for the protein particles
incline to be settled on the heat-transferring surfaces which not only results in the
precious component loss, but decreases the heat treatment effectiveness, complicates the
equipment washing process and makes the CIP-washing impossible, which is the
compulsive condition of the modern production.

The different ways whey purification (separation, filtration, sedimentation,
membrane methods etc) enables us to eliminate the adverse residue, but unfortunately,
provides negative impact the products biological value.

Possible way of solving these problems is search of new means leading to particles
size reduction and increase of sedimentation stability of whey.
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One of the promising directions in developing methods of dispersion in food
industry is exposure of the dispersion system to impulse electric disruption resulting in
electrohydraulic effect (EH-effect). [1-3].

Dispersion effect of the electrohydraulic effect was researched in mid-20" century
by Lev Yutkin and further developed in works of many researchers [3 — 8]. It is known
that with the passage of electric charge, the integrity of the fluid layer is broken with the
overcoming of molecular links in particles and creation of cavities inside their volume.
With the end of electric charge influence the walls of the created cavity are closing with
sonic or supersonic speeds. According to contemporary views the process itself is
accompanied with same phenomena as the cavitation process. The impulse charge causes
at least two hydraulic blows: first — in the moment of cavity creation, second — with its
closure. This is conducive to dispersion of particles within the zones of cavity voids.

The authors investigated the possibility of using an electrohydraulic treatment
during use of secondary raw milk aimed to intensify production and eliminate the adverse
protein residue in the curd whey.

Objective the curd whey with the protein level of 1,0...1,5 % and fat level of
0,05...0,1 %, derived after fatless cottage cheese production was researched.

The curd whey was processed using the laboratory EH-facility, incorporating
electric-discharge chamber with 2,7 cubic dm volume and generator, providing pulse
discharges TUT 50-5?1/4C YXJI4 [8-9]. During the exploration the voltage has been
varied within 25...45 kV range and charges quantity within 5...25 range with the 5 pitch.

The size of the protein phase particles, conductivity and electrokinetic potential (-
potential) of the whey were determined using the Malvern Zetasizer Nano ZS (Malvern
Instruments Ltd., UK) particles complex analysis system. All measurements in this
research were conducted at 25 °C. At least five repeated measurements were conducted
for each specimen. Distribution by size in intensity and volume units were derived from
the analyses of correlation functions with the use of General purpose algorithm of
Zetasizer Software 6.20.

Microbial growth in whey samples was studied Plate-Count methods.

In order to determine the optimal parameters of electrohydraulic treatment of whey
the full-factor experiment using the MathCad software was conducted.

Discussion of results. Analysis of experimental data has shown that curves of
volume dispersion of protein particles in curd whey prior and after electrohydraulic
processing as a rule had extremes in following rows of numbers: first — up to 150 nm,
second — 150-500 nm, third — above 500 nm. The size of protein particles in the input
curd whey was beyond 500 nm, their overall volume constituted 89%. Most common size
of the particle was about 2,2 mcm, which corresponds to reference book size for particles
of deposited protein from whole curd whey.

While examining the dynamics of the whey disperse phase after an
electrohydraulic treatment the dependence of the protein particles size on the voltage and
charges quantity was established. While varying the mentioned parameters the presence
of the larger particles in the samples processed with the 20...30 kV voltage was noticed
with and their sizes decrease and peaks shifting down to 500 nm range while the voltage
and charges quantity increased. With the increase of processing parameters, redistribution
of particles of more than 500 nm between first and second change raws was observed.

The best results were achieved at the 45 kV voltage and 20, 25 charges quantity. At
the mentioned modes the system was about to reach the monodisperse condition (i.e. very
narrow width of distribution), and the above 500 nm big particles quantity was
approaching zero.
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After the processing, the average hydrodynamic diameter of particles decreased
from 1697,5+82,38 nm to 221,34+10,3 nm at maximum voltage and number of
discharges (table 1).

As shown by the Pdl, input whey and electrohydraulically processed whey under
45 kV voltage with 5 and 10 discharges had a wide distribution in size and high level of
polidispersion. With the increase of discharge number, the Pdl significantly diminished
and with 20 and 25 discharges equaled to (0,425+0,021)...(0,403+£0,018). This
charachterizes the system as close to a monodispersed one.

It was determined that the process temperature had no substantive impact on the
particles dispersing level. Because of the productivity and in order to avoid excessive
power consumption the electrohydraulic treatment of whey is to be conducted at (4+2) °C
average storage temperature or immediately after the protein settlement and separation of
the whey from the curd at (30+2) °C temperature.

Table 1
The influence of electrohydraulic treatment on average particle diameter of curd
whey
Indicator Curd whey
prior to after processing with 45 kV electric voltage and
processing number of impulses:
5 10 15 20 25
Average hydrodynamic 16975 + 14748+ | 948,43+ | 654,3+ | 306,33+ (221,344
diameter (Z-average), nm 82,38 65,51 41,12 27,71 13,78 10,3
Polydispersity Index (Pdl) | 1,000 * 1,000+ | 0,993+ | 0550+ | 0,425+ |0,403
0,000 0,000 0,011 0,022 0,021 0,018

Within the MathCad mathematical package the mathematic model was created,
which describes the dependence of the particle size of the protein on the basic parameters
of electrohydraulic treatment: voltage and charges quantity.

The optimal parameters of electrohydraulic treatment of whey were established
using the full-factor test: 45 kV voltage and charges quantity of 20, which provides the
system dispersivity enough to slow down the protein particles settlement.

An absence of the protein residue in the curd whey samples, processed at the 45 kV
voltage and 20-25 charges quantity has been proved both visually and centrifugation
method, providing particles’ hindered settling.

The sedimentary stability of the whey prior and after the processing was
established based on the speed of sediment settling and the volume of the sediment
separated as a result of forced sedimentation within the gravity field. It was found that in
the whey processed with the electrohydraulic method, visible sediment of protein was
absent unlike the input whey. Protein particles remained in suspension during 2-3 days,
on the forth day some sediment was found.

It was found that because of the decrease in protein particles size after
electrohydraulic treatment, the speed of their sedimentation in accordance with the
Stokes’ law diminished greatly. The volume of the sediment in the processed whey
decreased from 0,9...1,1 to 0,1...0,2 ¢cm® at the voltage level of 45 kV and under
20...25 number of discherges.

The conductivity and {-potential testing results prove the system stabilization and
protein settlement process slowdown due to the electrohydraulic treatment of curd whey.
The testing data collected before and after the electrohydraulic treatment impact over the
whey colloid system indicates the dependence of the mentioned indexes on the voltage
and charges quantity.
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By analyzing correlation functions with the use of General purpose algorithm by
Zetasizer Software 6.20 it was found that with the increase of the voltage and number of
electrohydraulic treatment discharges, the absolute value of electro kinetic potential is
increased. For instance under 45 kV voltage with the gradual increase of discharge
number, the absolute value of Z-potential of the treated whey gradually increases from (-
0,06+0,02) to (-4,02+0,26) mV.

The positive impact of the EH-effect over the processing whey microbiological
indexes has been proved. It was determined that the electrohydraulic procession
inactivating impact increases along with the charges quantity and voltage increase. After
the procession at the 30...40 kV voltage and 5...10 charges quantity the insignificant
decrease of the overall microorganisms quantity (at the average rate of 8...28 %)
comparing to the unprocessed whey has been noticed (control). At the same time the
electrohydraulic treatment at the 45 kV voltage and 15...25 charges quantity has provided
the most effective inactivation of the whey microorganisms. Their total number has
decreases by 47-58 % comparing to the control.

Molds and yeast has also appeared to be sensitive to the EH-effect. After the
electrohydraulic treatment their number has decreased by 40...55 % depending the
voltage and charges quantity.

Conclusions. The obtained results enable to suggest that the electrohydraulic
treatment of curd whey at the 45 kV voltage and 20 charges quantity could be used for:

- production technology of the beverages made of the whole fermented and non-
fermented whey in order to obtain the products with new features free from the adverse
protein residue;

- curd whey preprocessing lines in order to decrease the total quantity of the
microorganisms and its storage terms extension.

Prospects of further research. As long as ultra thin dispersion of raw material
has a positive effect upon the intensification of drying process, further research will be
directed at the study of prospects of electrohydraulic treatment use for dry whey
production.
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3MIHU BIJIBHUX ) KUPHUX KUCJIOT TA KUPHOKHUCJIOTHOI'O
CKUIALY MOJIOKA I BININBOM IICUXPOTPO®HUX
MIKPOOPI'AHI3MIB

Bemanoesneno, wo nio uac 36epicans MOIOKA CUPO2O 8 0OXONO0NHCEHOMY CMAHI 3a
memnepamypu +4 +6 °C  Ounamixa HAKONUYEHHS GIIBHUX JCUPHUX  KUCJIOM
HatiiHmencusHiule 8i00y8acmobcs Ni0 NIUBOM NINOAIMUYHUX hepmenmie bakmepill 6udy
Pseudomonas fluorescens. Yuicm sinvnux scupnux xuciom y maxomy moaoyi yepes 12
200 36epicanna cmanosue 2,91+0,07 me KOH/2 monounoeo oicupy. Jlinorimuuni
gepmenmu ncuxpompoghnoi mixpoopu Oitoms 00HAK0B0 HA 6Ci NOOBIUHI 36 SA3KU 6
MONEKYAAX HCUPHUX KUCAOM, SKI € 8 mpueiiyeponi. ¥ ckiadi GiibHUX HCUPHUX KUCIOM
MOI0KA HAUOIbUe 610 MUX ICUPHUX KUCIOM, SKI CIMAHOBUNU OCHOBY MOJIOUHO20 HCUDY
(nanbMimuHo8a, MIpUCMUHOBA, 0eIHO8A, IHONEBA, MACTAHA, KANPOHOBd, KANPUHOBA).

Knrouosi cnoea:. 6inbHi dicupHi KUCIOMU, IHCUPHOKUCTOMHUL CKAAO MOJOKA,
NCUXPOMPOPDHI MIKDOOP2AHIZMU, SAKICMb.
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N3MEHEHUE COAEP KAHUSI CBOBOJHbIX )KUPHBIX KUCJIOT N
KUPHOKUCJTIOTHOI'O COCTABA MOJIOKA ITO/JI BIUSHUEM
MUCXPOTPOPHBIX MUKPOOPTAHU3MOB

Yemanoeneno, umo 60 epems XpaHeHus MOJOKA CbIPO2O 6 OXAAANCOCHHOM
cocmosiHuu npu memnepamype +4 +6 °© C ounamuxa HaKonieHuss c60000HbIX IHCUPHBIX
KUCIOM — UHMEHCUBHO NPOUCXOOUM NOO  GIUSHUEM JUNOIUMUYECKUX —QepMeHmos
baxmepuii suoa Pseudomonas fluorescens. Coodepoicanue c60600HbIX HCUPHBIX KUCIOM 6
maxom monoke uepes 12 y xpanenusi cocmasasino 2,9120,07 me KOH/2 monounoeo scupa.
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