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AHHOTALNA

B craThe nmpuBeneHbl pe3yIbTaThl POU3BOACTBEHHO-IKCIIEPUMEHTATbHBIX UCC/IETOBAHNI UCIIONb30BAHMUST Me-
TOZA ropsiueil MPOBOJIOKM, PealM30BaHHOIO Ha CTAaHIAPTHBIX 3JIeMeHTax CPeLCTB aBTOMAaTU3aLy, IJIs1 OH-JIaiiH
orpeieNeHns: TOTOBHOCTY MOJIOYHOTO CTYCTKA K paspeske MPU MPOU3BOJACTBE ChIPOB. OmpesieneHbl 3HAYEHMS
MOZY/ISI YIIPYTOCTY B MOMEHT TOTOBHOCTM MOJIOYHOTO CTYCTKA K paspesKe [Ijs pa3inyHbIX BUIOB ChIPOB. [Ipo-
BeJleHa CTaTHUCTMYecKast 06paboTKa pe3ynbTaToOB SKCIepMMEHTANbHbBIX MCCIenoBaHmii. [Ioka3aHo, YTO cpefHee
3HaueHue MOJIYJISI YIIPYTOCTM B 3TOT MOMEHT cocTaBisieT 1,68 yci1. efl., a CTaHIAPTHOE OTKIIOHEHME COCTaBIsIeT
0,017 yci1. en. BeIOMTHEHbI MCCTeR0BaHMS 15 OLIeHKM BIVISIHMS B1a GepMeHTHOrO Iperapara Ha CBOJCTBa MO-
JIOYHOTO CTYCTKA ¥ TOYHOCTH OIpeZesieHy s MOMEHTAa TOTOBHOCTM K pa3pe3Ke MOJIOYHOTO CTYCTKa, ITOTy4eHHOTO
C UX UCTIONIb30BaHMeM. YCTaHOBJIEHO, UYTO 3HAUEeHMEe MOLY/IS YIIPYTOCTH, XapaKTepHOe I/ MOMEHTa TOTOBHOCTYU
MOJIOUHOTO CI'yCTKa K pa3pesKe, AJIs1 KAKIOTo Buaa hepMeHTHOro mpemnapara 6ygeT pasHeiM. CpefiHee 3HaYeHMe
MOZY/ISI YIPYTOCTHU CTYCTKA B MOMEHT TOTOBHOCTM K pa3peske Mpy MPUMEHeHUM Pas3iNyHbIX BULOB hepMeHT-
HBIX [TPerapaToB MOKeT U3MEeHSThCS OT 1,5 10 1,95 yCiI. efi., HO SIBJISIETCS TOCTOSIHHBIM 3HaUeHVeM TSI KaKI0ro
U3 HuX. ViccnemoBaHKs MOKa3ajn, YTO METOJ, TOPsiUeit IIPOBOIOKY MOKET ObITh MCIIOMb30BaH I MEXaHU3aLUU
¥ aBTOMaTK3alMM IIPOMBIIIIEHHOTO IIPOM3BOCTBEHHOTO Ipoliecca.
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ABSTRACT

The article presents the results of manufacture and experimental studies of the use of hot wire method, imple-
mented on standard elements of automation equipment, for online determination of milk curd readiness to cut-
ting in the cheesemaking process. The values of the elastic modulus for different types of cheeses at the moment
of milk curd readiness to cutting are determined. The statistical processing of the results of experimental studies
was carried out. It is shown that the average value of the elastic modulus at this moment is 1.68 c.u., and the stan-
dard deviation is 0.017 c.u. The investigations have been performed to evaluate the effect of the type of enzyme
preparation on the milk curd properties and the accuracy of determining the moment of milk curd readiness to
cutting, obtained with their use. It is established that the value of the elastic modulus, specific for the moment
of milk curd readiness to cutting, will be different for each type of enzyme preparation. The average value of the
elastic modulus of the curd at the moment of its readiness to cutting with the use of different types of enzyme
preparations can vary from 1.5 to 1.95 c.u., but it is a constant value for each of them. The researches showed that
the hot wire method could be used for mechanization and automatization of the industrial manufacture process.

IIeCTBYIOINX HpMﬁOpOB HeIIpUroaHa ajis MCIIOJIb30BaHMS B Le-

OpHuM M3 K/II0YeBbIX MOMEHTOB 1P IIPOM3BOJICTBE ChIPOB
SIBJISIETCSI OlIpefiesieHie MOMeHTa F'OTOBHOCTY MOJIOYHOTO CIyCT-
Ka K pa3pe3ske. TOUHOe OIpefieieHye 3TOr0 MOMEHTA 00ecreyn-
BaeT He TOJIbKO 33JlaHHble KayeCTBeHHble II0Ka3aTey TOTOBOTOo
CbIpa, HO ¥ MaKCMMa/lIbHOEe UCIONb30BaHMe KOMIIOHEHTOB MO-
JI0Ka, TIOBbIIIAIOLIee BIXOJ, TOTOBO MPOAYKLIMMN.

K HacrosieMy BpeMeHM M3BECTHO OOJbLIOE KOIUYECTBO
CaMbIX pasHOO6pa3HbIX HU3UYECKUX METOLOB KOHTPOJSI peo-
JIOTMYeCKMX CBOJCTB MOJIOKA, K KOTOPBIM, B IIEPBYI0 Ouepe[b,
OTHOCSITCSI BI3KOCTb, MOZY/Ib YIIPYTOCTU ¥ MOZY/b I1OTEPb. [is
KOHTPOJISI KUHETUKM ITUX CBOJCTB B Ipoliecce rejieo6pa3oBa-
HMSI B MOJIOKe pa3paboTaH M UCIONb3YeTCsl Psifi POMBIIIEeH-
HBIX TIPMOOPOB, IPUHIUI e/ CTBYSI KOTOPBIX OCHOBAH Ha 3TUX
meTtopax [1]. COOTBETCTBEHHO CYyLIeCTBYET BO3MOKHOCTD IOCTa-
TOYHO TOYHOTO OIpeJielieHN s MOMEeHTa TOTOBHOCTM MOJIOUHOTO
CTYCTKa K pa3peske, OLHAKO, Ha IIPAKTVKe, OCHOBHAsI Macca Cy-

oJIg UUTUPOBAHUA: CmbikoB W.T. OmpeneneHue MOMEHTa TOTOBHOCTU
MOJIOUHOTO CTYCTKA K pa3pe3ke Mpu MPOU3BOICTBE ChIPOB. [luujessie Cucmembl.
2018;1(2):12-20. DOI: 10.21323/2618-9771-2018-1-2-12-20

XOBBIX YCJIOBUSIX. K OCHOBHBIM MPUUYMHAM, OTPAHNUIMBAIOIINM
UX MMpUMeHeHMe B OH-JIAiTH KOHTPOJIe Tpoliecca resieo6pa3oBa-
HMSI B CbIPOIETIbHOI BaHHE, SIBJISIETCS TPOMO3IKOCTb, CJIOKHOCTH
B CTEpMIN3AIUU, pa3pyIlIeHMe CTYCTKA B MPOIecce KOHTPOJIS,
BbICOKAsI CTOMMOCTb. [I09TOMY Ha MPaKTUKe [0 CUX ITOP HIMPO-
KO UCIIONb3YeTCs] CyObeKTUBHbINA, OPTaHOMENTUYECKUIT METOT
ompejeieHN sl TOTOBHOCTY MOJIOUHOTO CI'yCTKAa K paspeske. s
9TOTO MUCIONb3YETCS HOXK, MIMATENb, TAPEIKa U IPOCTO Maib-
nauus. B m060M cirydae cHavasia iefaioT pa3pes CrycTka, 3aTeM
TIPUITOTHMMAIOT €r0 U eCJIM CTYCTOK JAaéT PacKoJ C HepaCIUIbI-
BaIOLIVIMICST OCTPBIMM KpasiMy, a BBIIEISIONIASICS TTPO3pavHast
CHIBOPOTKA MMEET CBET/IO-3e/EHBIN OTTEHOK, TO CTYCTOK TOTOB
K paspe3ske. Eciu 9T0 He Tak, mpo6y MOBTOPSIIOT Yepe3 HEKOTO-
poe Bpems. OUeBUAHO, YTO 3TOT METOH BeCbMa CYOBEKTUBEH
¥ TpeGyeT OT MacTepa-ChIpojeia BHMMAHMS ¥ GOJBIIIOTO OTIbITA.
BmecTe ¢ TeM ec/in CIyCTOK pa3pes3aTh paHbllle BpeMeH!, TO yBe-

FOR CITATION: Smykov I.T. Milk curd cutting time determination in cheese-
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JIMUMBAIOTCS MOTepu 6ejika U KMUpa C OTXOASAIIEI ChIBOPOTKOIA,
a ewIn Mo3sKe, TO CHWDKAETCSI CKOPOCTh CMHepesuca, U yXyaua-
10TCSI YCJIOBMSI IOCTAaHOBKYM CHIPHOTO 3€pHA 1 KaueCTBO 'OTOBOTO
MPOAYKTA.

CoBpeMeHHbBIE U IIOBCEMECTHbIE MeXaHu3alus, aBTOMa-
TMU3alMsg M pobOTHU3aLMsI TTPOU3BOACTBEHHBIX MPOIECCOB Tpe-
OYIOT MCK/IIOUEHMSI PYUHBIX OIepaluii, 3aMeHbl X Ha TOYHbIE,
Hag&kHble U 3dderTuBHBIE ycTpoiicTBa. II03TOMY MHOTME
WCCIeNoBaTeNy ¥ MHXXKEeHephbl NMPuUIaraloT 3HaUMTeNbHbIE YCU-
JIVSL IS PellleHus 3Toii Mpob6iemsl [2]. Tak MPUHIUI TeiiCTBUS
ycraHoBKu «Gelograph NT», mpegHa3Haue€HHO AJISI UCIIOIb30-
BaHMSI B IPOMU3BOICTBEHHBIX YCIOBUSX, OCHOBAH Ha M3MepeHUM
TIOIJIOUIEHNST M pacCessHUsI CBeTa B KOAryaupylolleM MOJOKe.
711 KOHTPOJIST MCIIONb3yeTCsl CBET B GskHEM MHOpaKpacHOM
nuamnasoHe (850 HM), KOTOPbIN, B 3aBUCUMOCTY OT COCTOSTHUS
CTPYKTYpBI, MOTJIOIIAeTCS WX pacceuBaeTcsi. MisamepeHus Mmpo-
MU3BOISAT B TEPMOCTATMPOBAHHONM C ITOMOIIbIO BOASHONM OaHMU
émkocTy rpu 32 °C. B M0JIOKO H06aB/ISIIOT MOJIOKOCBEPTHIBAIO-
it hepMeHT, XOpOIIo NepeMeIlnBaloT U cpa3y ke yCTaHaB-
JINBAIOT B U3MEPUTEbHYIO CUCTeMy. Pe3ynbTaTbl M3MepeHuid,
B PEXMMe OH-JIaliH, epenaiT uepes uHtepdeiic csa3u Ha IIK.
Cucrema npenycMaTpuBaeT Takoke MOAKII0YeHNE UCTIOTHUTENb-
HBIX MEXaHM3MOB, BK/IIOUEHHBIX B TEXHOJOTUUECKUIT IPOIecc
U3TOTOBJIEHUS ChIpa. IMeeTcst TakKe e€ Bepcus 1oj, Ha3BaHUeM
«Optigraph», OTIMUNTETBHO 0COGEHHOCTHIO KOTOPOIA SIBJISIETCS
BO3MOKHOCTH OTHOBpEMEHHO# paboTel ¢ 10 kaHamamu. Cytie-
CTBEHHBIM HEIOCTaTKOM 3TOJi YCTAHOBKU SIBJISIETCSI HEOOXOMM-
MOCTb O0TOOpa Mpo6 /i aHaiu3a. YCTaHOBKA He MpeArionaraeT
BBIHECEHUSI M3MEPUTENIBHOTO Ipeobpa3oBaTessi HEMoCpeaCcT-
BEHHO B ChIPOZEeNbHYX BaHHY. COOTBETCTBEHHO, TaKOIl MeTOf,
aHa/IM3a He TAET MOMHOM MHGOPMaLNY O TIPeIIoIaraeMomM Mo-
MeHTe pa3pe3KU CryCTKa B IIpoljecce Ipou3BOACTBA.

YcraHoBka «TxPro» mpenHasHaveHa [Jisi KOHTPOJIS TIpoLiec-
ca resleo6pa3oBaHMS B MOJIOKe B MTPOV3BOACTBEHHBIX YCIOBUSIX.
[MpuHIMO e€ IelicTBUS TaK >Ke, KaK U B MpeIbIoylleM ciaydae,
3aK/II0UaeTCs] B M3MepeHUM MHTEHCUBHOCTU CBeTa, MPOXO.si-
IIEr0 yepes MUcciemyemMbiii 06beKkT. Ho 3mech OmMHa CBETOBOI
BOJIHBI, IIPM KOTOPOJ NMPOUCXOOUT U3MEPEHMNS, JIEKUT B Ayarna-
30He m3nyuenus 680 HM. Cam JaTuMK Ge3oraceH sl MpuMe-
HEeHMSI B MUILEBOI MPOMBIIIEHHOCTH, & €T0 KOHCTPYKTUBHbBIE
0COOEHHOCTY TIPEeATNoaraloT BO3MOXKHOCTb MCITOb30BaHMS
IIpY OH-JIalIH MOHUTOPMHre. TOUHOCTh MMEIMXCS JaTYMKOB
3TOJ YCTAHOBKMU SIBJISIETCSI YAOBJIETBOPUTENBHONM TOJIBKO B Y3-
KOM Juarna3oHe. DTOT HeJOCTaTOK OTYACTU MPOSIBISIETCS U3-3a
OTpaHMUYEHHOTO TOe3HOTO Mara3oHa CBETOUYBCTBUTEIbHBIX
3JIeMEeHTOB, MCIIOJb3yeMbIX B JaTuuKaxX. Koppeasiuusi Mexmy
BBIXOJHBIM CUTHQJIOM CBETOUYBCTBUTEIBHOTO 3JIeMEHTa U VH-
TEeHCUBHOCTBIO U3Ty4eHUsI IPUHSITOTO CBeTa MOXKET yXYAIIaTh-
Cs1, KOTIa TIpeBbIlIaeTCsl YypOBeHb HackIleHMsl. COOTBETCTBEHHO,
IIJIST UHTEHCUBHOCTM HYKe TIOPOTOBOJ UYBCTBUTEIBHOCTU CBe-
TOYYBCTBUTEIBHOTO 3JIEMEHTa Ha CUTHAJI MOT'YT HaKJIaJIbIBaTbCSI
TioMexu, ¥ TakuM 06pa3om, 6yIeT HeBO3MOKHO, UJIH, I0 MEHb-
11eit Mmepe, TPYIHO ero onpenenuTb. Takum 06pa3oM, MOHSITHO,
UYTO MMeIoINeCs JaTYUKU UMEIOT HEKOTOPble OrpaHUUeHMSI.

VerpoiictBo «CoAgulite» McIionb3yeTcsl Ha ChIPOJETbHbIX
TIpeATIPUSITUSIX IJIsI KOHTPOJIS ITPoIiecca reie06pa3oBaHms B MO-
JIOKE U TaKKe IpeCcTaBseT co60i ONMTUYECKMIT JaTUMK C CTaH-
IapTHBIM TOKOBBIM BbIXOIOM OT 4 no 20 MA. Mcnonb3oBaHue
JaTyyKa 00ecrieyyBaeT OMpenesieHre MOMEHTA pa3pe3Kyu Mo-
JIOYHOTO CTYCTKA B MpOLiecce MPOu3BOACTBA Cbhipa. ONTUYECKUit
natuuk «CoAgulite» peructTpupyeT OTpak€HHBbIN OT YaCTUILL MO-
JIOKA CBET B O/MMKHEM MH(QPaKpacHOM Ayaria3oHe (IjIMHa BOJI-
Hbl 880 HM) BO BpeMst pepMEHTATUBHOIO CBEPThIBAHMS MOJIOKA.
Cset ot VK- cBeTOAMOna, nepenaeTcss B MOJIOKO MOCPENCTBOM
OINTUYECKOTO BOJIOKHA, M CBET, OTPaKeHHbIV OT MOJIOKA MOCTY-
MaeT yepe3 cocelHee BOJIOKHO HAa (POTOIEKTPUUYECKUI TETEK-
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Top. KoapduimeHT oTpakeHns curHajia HeceT MHGOpMaInio 06
U3MEHEHUSIX PU3UYECKMX PA3MEPOB U CBOCTB MUIIE/IT Ka3eHa
B mpoliecce epMeHTATUBHON Koaryisiuu. JaabHeimmii cur-
HaJl TIOABepraeTcsl CJIOKHOI MaTeMaTUuecKoii 06paboTke, uTo
TIpeAronaraeT MUCIOAb30BaHMe ObICTPOIEMCTBYIOIMX CPENCTB
06paboTKyM curHama. TOUHOCTb M3MepeHMs, OIpeaesieTcs ve-
pe3 3HaueHue AUCIIEPCUU U, KaK YCTAaHOBJIEHO, COCTABJISIET OT
1,1 no 1,8%. (paccunTpiBaeTCsl IIyTeM [elI€HUSI CTaHIAPTHOTO
OTKJIOHEHMSI Ha cpefHee 3HAUeHMe). ITO 03HAYAET, YTO MOXKHO
MpeacKa3aTh MOMEHT Pa3pe3Ky CO CTAHIAPTHBIM OTKIOHEHUEM
0KoJ10 30 cexyHz,

HecmoTpst Ha TO, YTO OMNMTHUUYECKME METOLbl MOHUTOPMHIA
Tipoliecca reJie06pa3oBaHyst M3BECTHBI U VICITONb3YIOTCS Y)Ke He-
CKOJIBKO JIeCSITKOB JIET, MX COBEPIIEHCTBOBAHME MTPOAOIKAETCS.
Tak B pa6ore [3] mpenaokeHO SOCTATOYHO CI0KHOE OTITUYECKOe
YCTPOJMCTBO [AJIsI MH-JIAiH KOHTPOJISI TIpoliecca oOpa3soBaHMS
MOJIOUHOTO CT'YCTKA B CBIPOAEIbHOV BaHHe. B 3TOM ycTpolicTBe
MCTIONb3YeTCS M3BECTHAsT KOPPeNsius O6paTHOTO pacCestHus
6/KHET0 MHGPaAKPaCHOTO M3JIy4YeHUs C MOZAY/IEM YIIPYTOCTU
BO BpeMsI KOary/lIsiiiuy MOJIOKa. YIIpaBJIeHMe PEXXUMOM paboThl
YCTPOIiCTBA ¥ 06PA6OTKA MOTYUEHHBIX JAHHBIX OCYIIECTBIISIETCS
C TIOMOIIBIO CIMENATU3MPOBAHHOIO MTPOTPAMMHOTO TPOAYKTA.

TeMm He MeHee BCe M3MepPUTEIbHbIE YCTPOICTBA, NENCTBY-
Jolie Ha OITMYECKOM MeTone, 061afaloT OOIIMM HemoCTaT-
KOM — anpyuopyu HeOOXOAMMO, YTOOBI TOBEPXHOCTM MCTOYHMKA
MU3JIyUYEHUsT ¥ ero MpueMHMKa ObUIM MaKCMMAaTbHO UMCTHIMMU
M TTIaAKMMU, TaK KaK OCeIalolMe U3 OKPYXKAIoIIeii Cpebl Ha UX
MTOBEPXHOCTb MMKPOYACTUIIBI Pa3IMYHOM MPUPOABI MOTYT 3a-
IPSA3HATD U OCTAGMSATh TPOXOKIEHME CBETA B CPEZie U UCKaKaTh
roryJyaeMble pe3yabTaThl.

[s1 OH-JIalfH KOHTPOJIS TIpoliecca rejieo6pa3oBaHus B IIPO-
M3BOACTBE VCIONIb3YIOTCS TAKKe YCTPOIICTBA, B KOTOPBIX TEpP-
BUYHBIM M3MePUTETbHBIM ITPe0Opa3oBaTeseM SIBISIETCS JaTUMK
«Sofraser». IIpuHLIMIT geiicTBUS JaTumka «Sofraser» mexaHuue-
CKMIT ¥ OCHOBaH Ha M3MEHEeHUM aMIUIUTYIbI KoleGaHuii 30H1a
B 3aBUCHMOCTYM OT BSI3KOYIIPYTMX CBOVCTB KOHTaKTMPYIOLIEH
C 30HAOM cpefbl. BubpalyoHHbIi 30HA, paboTaeT B IoIepey-
HOM, 110 OTHOIIIEHUIO K MJIOCKOCTU YCTAHOBKM, TTOJIOXKEHUU U KO-
J1e6J1eTCsI C TOCTOSTHHOM pe3oHaHCcHO yacToroit 280 I'y (Mopmenb
6002 MIVI). AMmuintyga BuOpauuit UyBCTBUTEIbHOTO 30HIA
YMEHbIIIAETCS C YBEIIMUEHMEM BSI3KOCTH, YTO MTO3BOJISIET KOHTP-
OJTMPOBATb MPOIIECC resiIe06pa30BaHMsI B MOJIOKE. JIaTUMK MOKET
MCTIONb30BaThCS B CTAHAAPTHBIX M OCOOBIX CAHUTAPHO-TUTH-
€HUYECKMX YCIOBUSX TEXHOJIOTMYECKOro mpoliecca. B koprryc
JaTyMKa MHTErpUpOBaH OATUMK TEMIIepaTypbl, KOMIIEHCUPY-
IOIIMI1 e€ BIMSHME Ha pe3ylbTaThl u3MepeHui. JaTumKk OTam-
YyaeTcsl BBICOKOI HANEKHOCTHIO, He MMeeT M3HAIIMBAIIIMNXCS
yacTeit, a Takske MPaKTUUECKM He TpebyeT TeXHUUECKOTo 06Cy-
skuBaHMs. OJHAKO €ro CyIeCTBEHHbIM HEIOCTATKOM SIBJISIETCS
YacTMYHOEe MeXaHMUeCcKoe paspylieHre KOHTPOIMPYeMOro Mpo-
JIyKTa B Tpoiiecce m3MepeHus [4] U, COOTBETCTBEHHO, MCKasKe-
HME pe3yIbTaTOB U3MEPEHMIA.

B pabore [5] mpennaraetcsi Hepaspyllalliuii MeTo[, UC-
MO/Ib3YIOIIMIT YIBTPA3BYKOBOE MMITYJIbCHOE 3XO, JJISI MOHM-
TOPMHIa B peaJbHOM BpeMEHM aKyCTMYeCcKOro MMIIeIaHca,
KOPPEIVPYIOLIETO C PEOIOTUYECKUMM CBOVCTBAMM MOJIOUHOTO
reyig. DBOMIOUMS aKyCTMYECKOTO MMIIe[aHCa MPOXOIUT uepes
nBe (assl: pepmeHTaTUBHYIO a3y u ¢dasy arperauuu. Touka
repexoza Mexxay 3TUMu OByMs dhazamu orpezensieT Bpems Koa-
TYJISIUMY MOJIOKA. DKCIIepUMeHTaTbHbIe Pe3yIbTaThl TOKA3bIBA-
10T, UTO Mpe/jaraeMblii METOJ, ONpeesiieT BpeMsl KOary/siiyumn
s dexTuBHEE, U 6OJIEe TTPOCTO IO CPAaBHEHUIO C U3BECTHBIMU
paboTamu, B KOTOPBIX JJISI ONIpeeeHs BpeMeHU KOary/siium
MOJIOKA MCIIOTb30Banach a3oBasi CKOPOCTb.

[l7s1 OH-JaitH ¥ MH-JIaiiH KOHTPOJIS TIpoliecca rejieo6pasoBa-
HUSI B CBIPOZE/IbHOI BaHHE M TOYHOTO OIpeNeIeHUs] MOMEHTA
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TOTOBHOCTY MOJIOUHOTO CT'YCTKa K pa3pe3Ke Takke MCIOIb3yIoT-
Cs1 U3MepUTeNbHbIe CUCTeMbl efCTBYIOLIMe Ha OCHOBe MeToxa
ropsiueit mpoBosnoku (Hot-Wire method). 3To KocBeHHbII MeTOI,
OCHOBAHHbBI/f Ha M3MepeHUM TeIIONPOBOAHOCTM MOJIOUHOTO
reJist, KOTOPAsi CYIeCTBEHHO M3MeHSIeTCsI B ITPOoIiecce reeobpaso-
BaHMSI. DTOT METOZ, M3MePeHMSI TeIlJIONIPOBOAHOCTY Pa3IMYHbIX
00bEeKTOB M3BeCTEH OUeHb JABHO, a /11 KOHTPOJIS resie06pa3oBa-
HMSI B MOJIOKe TIpeJIIoXKeH B pabore [6] u pa3BuUT B paborax [7,8].
Koppensauust Mexxny TerIonpoBOAHOCTbIO MOJIOYHOTO CIYCTKa,
oIpezesisieMOolt 110 pa3HOCTM TeMIlepaTyp MeXIy ABYMS JaTuK-
KaMM, OIMH U3 KOTOPBIX MTOOTPeBaeTCs], U MOLYIeM yIIPYTrOCTU
crycTka 6bu1a BhIsIB/IeHa B pabore [6], a B paboTax [1,9] mokazaHa
UX TIpSIMast 3aBUCUMOCTD. B pabore [10] onpeesieHbl UMC/IEHHbIE
3HauYeHMs M3MeHeHMsI TeIVIONIPOBOSHOCTY MOJIOKa IIPU ero Koa-
TyJASILMY U TTI0Ka3aHa B3aXMOCBSI3b MeX/y TeIllJIOIIPOBOLHOCTBIO
¥ PEoIOrMYeCcKMM CBOICTBAMM MOJIOKA.

MeTog, MpOCT B MPaKTUUYECKOV peasmn3anuy C UCIOAb30Ba-
HMeM LIMPOKO pacpoCTPaHeHHbIX CTAHIAPTHBIX KOMIIOHEHTOB
U OTBeYaeT BceM TPeOGOBaHUSIM, HEOOXOIUMBIM JIJIS1 aBTOMATH-
3l MPOU3BOACTBEHHBIX IpolleccoB. OMyb6IMKOBaH psf pa-
60T, MMOCBSLIEHHBIX MCCAEJOBAHNMIM BO3MOXKHOCTU ¥ Iieeco-
06pa3sHOCTY MCIONb30BaHMS 3TOTO METOHA IS OIpeleleHUs
MOMEHTa OTOBHOCTM MOJIOYHOTO CIyCTKa K paspeske, a Tak-
ke BO3HUMKAIOUIMM IIPU 3TOM Mpo6GieMamM UM OTpaHUUYEeHUSIM.
Tak B paborax [8,9,10] oTmeuaeTcsi, YTO STOT MeTOJ, II03BOJS-
eT OIpefieNIUThb C BbICOKOJ TOUHOCTBIO IIOJIOXKEHME Telb-TOUKU
¥ MOMEHTa TOTOBHOCTM MOJIOUHOTO CIyCTKa K paspeske IpU
pa3IMYHBIX 103aX BHOCMMOTrO (hepMeHTHOrO Mpernapara.

Llesbio 3TOV pabOThI SIBJISIETCS MCCIeOBAHME TOUHOCTHM OIpe-
JlelleHVie MOMeEHTa IOTOBHOCTYM MOJIOYHOIO CI'yCTKa K pa3peske
B NIPOMU3BOJCTBEHHBIX YCIIOBMUSIX C MCIIONb30BaHMEM YCTPOMCTBA,
TIPVMHLINI [Ie/iCTBMSI KOTOPOTO OCHOBAH Ha MeTOoJle ropsiueil mpo-
Bosioku (Hot Wire method) ripu Koary/siiyu MoOJIOKa pasjIMyHbI-
MM BMIAMM MOJIOKOCBEPTBHIBAIOIMX (epPMEHTHBIX ITperapaTos.

2. MarepuaJjbl ¥ METOIbI
ViccnemoBaHuss MNPOBOAMIAM B 3KCIEePUMEHTAIbHO-IIPO-

U3BOACTBEHHOM Iiexe Bcepoccuitckoro Hay4yHO-MUCCIenoBa-

TEeJIbCKOTO MHCTUTYTa Maciogenusi u ceipogenust (BHUMMC),

B CBIPOZEIbHOI BaHHe 06beMoM 300 TUTPOB IPU MPOU3BOICT-

Be TOBApHbIX MOMYTBEPIBIX ChIPOB «Poccuiickuii», «Koctpom-

ckoit» u «lojutaHAcKuit». Bcero 6bUIO MPOAHAIM3UPOBAHO

38 BHIPAaGOTOK.

B mccmenoBaHMSIX MUCITONb30BAIM KOPOBbE MOJIOKO OJTHOTO
nocraBuMka-npoussoautens — 00O «ArpuBonra», SIpocias-
cKast 06/1acTh, YIIMUCKUIL paiioH, . Bypmacogo.

ITpu Mpou3BOCTBE ChIPOB MIPUMEHSIIN KMIKYE 3aKBaCKM Ha
OCHOBE TOMBUIOBBIX OaKTEPUaTbHbIX KOHIIEHTPATOB «BroaH-
Tn6byT U «BK-Yrinu-5A» npoussopcra OI'YII «IKcrepuMeH-
TajbHas 61odabpukar, I. Yriany, Poccust.

Ilns uccienoBaHuit UCIIONb30BaIM TEXHOJIOTMYECKMEe BCIIO-
MoraTejibHble CPEICTBA POCCUICKOTO U 3apyOesKHOTO MPOU3-
BOJICTBA:

1. «®epmeHT coruykHbIN 90», IKcTpa. (xMMo3uH — 90 %, Temn-
cuH roBspkuii — 10%), MCA —100000. 3aBo, 5HOOKPUMHHbBIX
depmenToB, Mocksa, 3enenorpan, Poccus;

2. «Fromase 2200 TL Granulate», mpeacTaBsIoONINit C060ii Kic-
JIYIO TIPOTeasy, MoyyyeHHYI0 U3 0T60pHOro mramma Rhizo-
mucor miehei. MCA —325000. ITpousBoactBo DSM Food Spe-
cialties Dairy Ingredients. France.

3. «Naturen® Stamix 1150 NB» (xumosuH — 50%, memcuH —
50 %), mosTy4eHHBII ITyTEM 3KCTPAKIUU U3 UETBEPTOTO OTAE-
JIa >Keymouka TessiT U/Wiu B3powibix KopoB, MCA -163000.
IpousBopactBo Chr. Hansen Holding A/S, Danmark.

Bce mcmnonb30BaHHbIE MOJIOKOCBEPTHIBAOMIE (hePMEHTHbIE
rpenapaTsl UMEIOT TOCYIapCTBEHHYIO PETUCTPALIMIO U TI0 Kaye-

FOOD SYSTEMS | Volume 1 No 2 | 2018

CTBY U 6€30MacHOCTY COOTBETCTBYIOT PelepaqbHOMY 3aKOHY
Poccuiickoit @enmepaiuy N2 88-D3 «TexHuueckuii periaMeHT
Ha MOJIOKO ¥ MOJIOUHYIO MPOILYKIINIO».

MOMEHT TOTOBHOCTY MOJIOUHOT'O CI'yCTKa K paspesKe orpe-
JlelsiT MacTep — ChIponen MPOM3BOACTBEHHOIrO Iiexa Tpaiy-
LIMOHHBIM OPTaHOJIEITUYECKMM METOAOM II0 PacKaJIbIBAaHUIO
cryctka. ITponecc remeob6pa3oBaHMsi MOJIOKA B ChIPOJEIbHOIM
BaHHE U OMpeJereHie MOMEHTa TOTOBHOCTY MOJIOUHOTO CTYCT-
Ka K pa3pe3Ke KOHTPOIMPOBAIM OH-JAaliH MO0 U3MEHEHUIO ero
TEIUIONPOBOTHOCTY METOJIOM Topsiueii MmpoBonoku. KoHTposnb
resleo6pa3oBaHMsT MPOBOAWIN HENPEPBIBHO, MIPU PETUCTPALIUU
pe3y/bTaTOB HAGIIOOEHNI C MHTEPBAIOM 2 CEK.

CTaTuCTUYecKyio 06paboTKY ITOTyUYeHHbIX Pe3Yy/IbTaTOB IIPO-
Boguu B mporpamme EXCEL, npu ypoBHe 3Haummoctu 0,05.

3. Pe3ynabTaThl M 00CYKaAEHUE

IIpy NMOArOTOBKE K MPOBEIEHMIO MCC/IeNOBaHM Oblla pas-
paboraHa u co6paHa aBTOMAaTM3MpPOBAaHHASI CUCTeMa OH-JIaiH
KOHTPOJISI TIpoIlecca Trejeo0pa3soBaHMs U OIpeIdeNeHus] MO-
MeHTa FOTOBHOCTM MOJIOYHOTO CTYCTKa K paspeske. Biok-cxe-
Ma 3TOV M3MEPUTENbHOM CUCTeMbl IpeacTaBieHa Ha Puc. 1.
OCHOBOIJI CMCTEMBI OH-JIaifH KOHTPOJS Ipoliecca rejaeobpaso-
BaHMSI SIBJISIETCSI YHUBEPCAIbHBI MUKPOIPOI€CCOPHBIN BYX-
KaHa/IbHBII M3MepuUTesb-peryasaTop (4). [lonobHble U3MepuTe-
JIV-PETYSITOPBI BBIMTYCKAIOTCS POCCUMCKUMMU U 3apyOesKHBIMU
dbupmMamu ¥ MMPOKO MCIOMB3YIOTCS B ITPOMBIIITIEHHOCTY IS
pasnuuHbIX 1eneii. K BXomy n3MepuTens-peryasitopa MogKiIio-
YeHbI ABa AATUMKA M3MepeHUs TeMIiepaTypsl (2 1 3), B KauecTBe
KOTODBIX UCII0Ib30BaHbl TEPMOMETPBI CONPOTUBIIEHUS. JaTunK
TeMIlepaTypsl (2) — CTaHAAPTHOTO TUIIA C UCIIOIb30BAHUEM OfI-
HOTO YyBCTBUTEIBHOIO 37IeMeHTa. [laTunk Temmepatypsl (3) co-
JIep>KUT IBa YYBCTBUTENbHBIX 37ieMeHTa. OOUH U3 ero YyBCTBU-
TeJbHBIX 3JIEMEHTOB MCIIO/b3YyeTCs MO MPSMOMY Ha3HAuUeHUIO
IIJISI U3MepeHMs TeMIlepaTypsbl, a APYroii — Kak IOforpeBarelb,
MIMTaeMblii HANIPSDKEHMEM OT CTaHAAPTHOTO 610Ka muTaHus (5).
Kopmyca naTumMkoB TemIiepaTyphl BbIIIOTHEHBI 3 MUIEBOI He-
PKaBeIoIIei CTaay M MOTYT ObITh TTOMEIIEHbI HEITOCPEICTBEH-
HO B ChIpOJe/ibHYI BaHHY (1). WcromHUTENbHOE YCTPOICTBO

6 7

A

Puc. 1. Biiok-cxema aBTOMaTU3UMPOBAHHOM CUCTEMbI OH-JIaliH
KOHTPOJIS TIpolLiecca reeo6pa3oBanus: 1 — chIpofesibHasI BAHHA;
2 — KOHTPOJIbHBI AATYMK TeMIIepaTypbl MOJIOKA B BAaHHE;

3 — moJorpeBaeMblil JaTYMK TEMIIEPATYPbI MOJIOKa; 4 — IBYX-
KaHaJIbHBIN U3MEPUTENb-PETYISITOD; 5 — OJIOK MUTAHUS
HarpeBaTeIbHOTO 37IeMeHTa; 6 — CUTHAIN3aTOP TOTOBHOCTYU
MOJIOYHOTO CT'yCTKa K paspeske; 7 — KOMIIBIOTED PerucTpanum
PEXMMOB IpolLiecca U yrpaBaeHust paboToli CbIPOIeTbHOI BAHHBI
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M3MePUTENSI-PerysTopa MOAK/IIOUYEHO K OIITUKO-aKyCTUYeCKOM
cuUrHanusaumuy (6) MOMEHTa TOTOBHOCTM MOJIOYHOIO CrYCTKa
B CbIPOZEbHO BaHHe K pa3pe3ke. MHGopMauusi 0 pa3sHOCTU
TemIepaTtyp MeXOy maTuMKaMy, [IPOIOpLMOHAaIbHAs M3MeHe-
HUIO TEIVIONIPOBOAHOCTY MOJIOYHOTO CI'YyCTKa, KOppenmpyrouien
C ero MopayieM YIpyrocty, B LK@GPOBOM Buie nepenaéTcs OT
M3MepuUTeNsl — pery/siTopa 1o JMHuM cBsi3u RS-485 Ha mepco-
HaJIbHBIV KOMIIbIOTED.

MoOHTaX ¥ IyCK B SKCILTyaTalMIO 3TOV aBTOMAaTU3MPOBAH-
HOJVi CUCTEMBI B 3KCIIEDYMEHTA/JIbHOM 1ieXe OThena ChIpofenus
BHMNMMC no3Bonnin 3aperucTpupoBaTb KUHETUKY MU3MEHEHMS
TEIUIONPOBOJHOCTU (MOZY/ISl YIPYTOCTU) MOJIOYHOTO CIyCT-
Ka B IIpoliecce rereo6pa3oBaHysl B PEATbHBIX YCIOBUSX HEIO-
CpPeCTBEHHO B ITPOM3BOACTBEHHBIX ChIPOJE/IbHBIX BaHHAX IIPU
BbIPAGOTKe ChIPOB. BhIpaGOTKY MPOBOAMIIN IO TUTIOBBIM TEXHO-
JIOTUYECKUM IIpolieccamM MPOM3BOACTBA TOBAPHBIX IONYTBEP-
IbIX CbIpOB «Poccuiickuii», «KocTpomckoit» u «lommaHgcKuii»
C VICTIONb30BaHMeEM [JI51 CBEPThIBAHMS MOJIOKA OFHOTO U TOTO JKe
(epmenTHOTO MpenapaTta «DepMeHT ChIUyKHbIN 90», DKCTpa.
st KaskIoit BbIpabOTKM ChIpa 03y BHOCUMOTO (hepMeHTHOTO
rpernapara pacCuuTbIBalIy MHAVBUIYAIbHO

Ha Puc. 2,3,4 npencraBieHbl rpaduky M3MeHEHMT MOAY-
JISL YIIPYTOCTY MOJIOYHOTO CI'YCTKa B ChIPOJENbHOV BaHHE B KO-
HeYHOl cTanuyu ero ¢GopMMpPOBAHMS [0 MOMEHTa Da3pe3Ku,
CTPYNIMpOBaHHbIe IO BuaM cbhipoB. KoHeuHble TOukM rpadu-
KOB COOTBETCTBYIOT MOMEHTaM IOTOBHOCTM CTYCTKa K paspes3-
Ke, OoIpefiensieMbIM OpPraHOJMeNTUYeCKM MacTepPOM-ChIPOEIOM
1exa ¥ B JaJIbHEJIEM MCII0/Ib30BaHbl 1151 OLLEeHKY TOYHOCTHBIX
BO3MOXXHOCTE M3MEPUTENIbHOM CUCTEMBI.
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Puc. 2. VIsmeHeHMs MOZYJIS YIIPYTOCTU MOJIOYHOTO CIYCTKa
Y MOMEHTBI er0 pa3pe3Ky B IIpoLiecce pou3BOLCTBA
coipa «['onmnanackuii»

Mogynb ynpyroctu, ycn. eg.
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Puc. 3. VIameHeHMsI MOAYJISI YIIPYTOCTY MOJIOYHOTO CTyCTKa
1 MOMEHTBI eT0 pa3peskyl B Ipolecce MPOU3BOLCTBA
cbipa «Poccuiickmii»
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Puc. 4. VI3MmeHeHMs MOZYJ/IS1 YIIPYTOCTU MOJIOYHOTO CTYCTKa
¥ MOMEHTBI er0o pa3pesKy B Ipoliecce Mpou3BOACTBA
ceipa «KocTpomckoii»

B cBs13M € TeM, UTO CBOJMCTBA UCIIONb3YEeMOIO B ChIPOAENUN
MOJIOKA, B TOM YMCJIE €r0 CIIOCOGHOCTh K 06pa30BaHMIO CTYCTKA,
HMKOT/IA He OCTaIOTCS TOCTOSTHHBIMM M 3aBUCSIT OT MHOTHUX (aK-
TOPOB, 032 BHOCMMOTO (hepMEHTHOTO Tperiapara Impu Kaxmoi
BbIPAOOTKe ChIpa PaCCUYMTHIBAETCS MHIOMBUIYATbHO, TMOITOMY
BpeMsI KOary/IsiiiMM MOJIOKA ObUTO Pa3IMYHBIM U 3TU Pa3Inuus
JIOCTUTaNU 5—7 MUHYT. BpeMst OT MOMeHTa BHeCeHUSsT pepMeHTa
10 MOMEHTa pa3pe3Kyu Takxke pasnanyanoch Ha 10-12 muH, 4TO
He TI03BOJISIeT MCIONIb30BaTh B IPOM3BOJCTBEHHBIX YCIOBUSIX
BpeMeHHbie TapameTpsl ISl MPOTHO3UPOBAHMSI MOMEHTA pas-
pesKu.

V3 momydeHHBIX 3KCIIEPUMEHTAbHBIX JAHHBIX, a TaKXKe U3
rpaduxoB Puc. 2,3,4 BUAHO, YTO 3HAUEHUS] MOLYJSI YIIPYTOCTU
CryCcTKa B MOMEHT €ro peajbHOl pa3pe3ku B IPOU3BOICTBEH-
HBIX YCIOBMSIX GIM3KM BO BCEX BhIpabOTKax. Pe3ynbTaThl CTaTH-
CTUYECKOTO aHa/IN3a MOZAYJS YIIPYTrOCTU CTYCTKA B MOMEHT €ro
paspesku mpuBeneHsl B Ta6. 1.

Tabnmuua 1
CraTUCTUYEeCKUIT aHAIN3 3HAaUeHUI
MOZYJISI YIIPYTOCTY CTYCTKa IPU €ro paspe3Ke

A A E
5 & 5 8
£

S s 5 o3
S g = S E
CoIp g 2 3 g s
« S a ]
5 3} 13} ]
= 3] Q = a
S S S a3
S e; v om
Cp. 3HaueHnue, y.e 1,683 1,693 1,677 1,684
CT. OTK/IOHEHMeE, y.e. 0,007 0,007 0,026 0,017
Kosd. Bapuauym,% 0,43 0,39 1,53 1,02

PacuéTbl mokasany, yTo B JaHHOM c1ydae, 715l MCIIOIb30BaH-
HOJ1 cucTeMbl, cpejHee 3HaUeHMe MOAYJISI YIIPYTOCTU COCTaBIIS-
et 1,684 yci. enl., cTaHOapTHOe OTKJIOHEHMe TpU 3TOM PaBHO
0,017 ycn. en. ITomyueHHbIE pe3yabTaT MOXKET ObITh NMPU3HAH
YIOOBJIETBOPUTETBHBIM, T.K. IIOTPELTHOCTh CPabaThIBAHMS JIC-
TIOJTHUTENBHOIO YCTPOICTBA MCIIONb30BAHHOTO M3MepUTeNns —
perynsaTopa, o nacnopTHbIM JaHHbIM, coctasiseT 0,01 yci. eg.

[TonyyeHHble pe3ynbTaThl UCCIENOBAaHUN TaKke IOKa3aly,
YTO 1032 BHOCYMOT'O B MOJIOKO OJJHOTO ¥ TOTO Xe (hepMeHTHOTO
rpernapara IpakTH4yecky He BiysieT Ha TOYHOCTb OIpefeseHNs
TOTOBHOCTY MOJIOUHOTI'O CTYCTKa K pa3peske.

Mopy/p yIpyrocTy MOJIOYHOTO Tejist OIpesiensieTcs M Helo-
CpenCTBEHHO CBSI3aH C €r0 MMKDPOCTPYKTYypoli [12], a mocTmke-
HUe VIM OIpeeeHHOTO 3HAUeHUsT MOXKET OBITh MCIIONb30Ba-
HO JJ1s1 OIpefie/ieHNsI MOMEeHTa pa3pe3ky MOJIOYHOIO CTyCTKa.
OnHako MMKPOCTPYKTYpa MOJIOYHOTO CTYCTKa 3aBMUCUT OT BUAA
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OGUOXMMUYECKUX PeaKInii, MPOUCXOISANIINX TMPU KOATYISIUN.
B cBoio ouepenb ¥ TEMIOMPOBOJHOCTh MOJIOUHOTO CI'YCTKA BO
MHOTOM OIIpefie/isieTCs ero MUKPOCTPYKTYPOil M TPU OZHOM
¥ TOM JXe 3HaUeHUU MOZLYJISl YIIPYTOCTHU, HO IIPYU pa3HOl MUKPO-
CTPYKTYpe TEeIUIONMPOBOAHOCTh 00pasija MOXET ObITh CYIIECT-
BEHHO Pa3JINYHOIA.

/3BeCcTHO, UTO B HACTOsIIlee BpeMsi B TIPOM3BOLCTBE ChIPOB
MCTIONB3YIOTCS [JIST KOAry/asimumu Mojoka (epMeHTHbIe TIperia-
paThl Pa3IMYHOTO MPOUCXOKAEHMS, 06IafaloNIye MOXOKUMU,
HO BCE&-TaKM Pa3IMUYHbIMMU OMOXMMUYECKUMU CBOVicTBamMu [13].
Tak, HaIIpUMep, UCIIOAb3YIOTCSl Pa3jNyUHble HaTypalbHble Chl-
Yy>KHbIE TIperapaTbl — TeNsSUbM, KypUHbIE, BepOIIOKbY U TID;
(epmeHTHbBIE penapaThl IPMOOB; MpenapaThl 6aKTepMUaJIbHOIO
TIPOVCXOXAEHMST U (hepMeHTHbIE MperapaThl TeHETUUECKU MO-
InGUUMPOBAaHHBIX OpraHn3MoB. OUeBUIHO, YTO, HECMOTPS Ha
TO, UTO BCe OHM 006/1aJIal0T XOPOIIMMY MOJIOKOCBEPTHIBAIOLIMMMU
CBOWICTBAMMU, Y KaK[IOTO M3 HUX €CTh CBOU OCOOEHHOCTH, BIIMSIIO-
IIyie Ha MUKPOCTPYKTYPY 0Opa3yIolerocsi MOJIOYHOTO CTyCTKa.
COOTBETCTBEHHO, PU3UKO-XMMIUUYECKIE CBOIICTBA CTYCTKA TAKKe
6yoyT MMETh Pa3auumsl.

Il OlLleHKM BIMSIHMS BUIA MOJIOKOCBEPTHIBAIOIIETO (ep-
MEHTHOTO TMpernapaTa Ha CBOVCTBA MOJIOYHOTO CTYCTKAa U TOY-
HOCTbD OTIpefie/IeHs TOTOBHOCTYM MOJIOUHOTO CTYCTKA K pa3pesKe,
Jlajiee HaMM ObUIM IPOBeEeHbI UCCIeJOBAHMS C UCTIOIb30BaHU-
eM (bepMeHTHBIX IpernapaToB «PepMeHT CbIUyKHbII 90», «Fro-
mase 2200 TL Granulate» u «Naturen® Stamix 1150 NB». I'pacdu-
Yyeckye pe3yJbTaThbl 3TOTO UCCIeI0OBaHMSI IPpUBeIeHbl Ha Puc. 5.
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Puc. 5. VisMeHeHMst MOIYJIS YIIPYTOCTM MOJIOYHOTO CTYCTKA
¥ MOMEHTBI €ro pa3pe3Ku IMpu UCIO0JIb30BAHUN PA3JIMUHbBIX
(bepMeHTHBIX IIpenapaToB B IIpoliecce MPOM3BOACTBA ChIpa

V3 mony4eHHbIX JaHHBIX OTUYETIMBO BUIHO, KAK BIMSIET BUL
depmeHTHOrO mMpenapara Ha (GU3NIECKOe CBOCTBO MOJIOYU-
HOTO CTYCTKa — TeIIOMPOBOIHOCTb. BO BCeX IKCIIEPUMEHTAaX
C MCIIOMb30BaHMEeM OHOIO M TOTO ke (bepMEHTHOrO Ipernapa-
Ta, HO B PasHbIX [03aX, B MOMEHT pa3pes3Ky CryCTKa 3HaYeHue

1. Introduction

One of the key moments in the cheese manufacture is the
determination of the moment when milk curd is ready to be cut.
Precise determination of this point provides not only the speci-
fied quality indicators of finished cheese, but also the maximum
use of milk components, which increases the yield of finished
products.

By now, a large number of the most diverse physical methods
of rheological properties of milk, which, in the first place, include
viscosity, elastic modulus and loss modulus, are known. To con-
trol the kinetics of these properties during the gelation process
in milk, a number of industrial devices have been developed and
used, the operation principle of which is based on these meth-
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€ro TeIUIONPOBOMHOCTY, KOPPEIUpYolieil ¢ MOTYIeM YIIPyro-
CTH, 6BUTO TIPAKTUUECKY OTHUM U TeM 3Ke. [Ipy UCTIONb30BaHUM
(bepMeHTHBIX MpernapaToB APYIUX BUIOB, BHECEHHBIX B IKBMU-
BaJIEHTHBIX [j03aX, 3HAUEHWS TEIUIONIPOBOLHOCTM CTYCTKA K MO-
MEHTY ero paspe3Kku oTamdarorcs Ha 10-15% B Ty Wau APYyTyio
CTOPOHY, UTO SIBJIIETCSI HEITPYEMJIEMBIM C TOUKM 3PEHUS aBTO-
MaTU3UPOBAHHOTO OIpeaeeHNs MOMEHTa FOTOBHOCTM CI'yCTKa
K pa3peske. OfHaAKO, Kak MMOKa3aIu gajbHelme SKCrnepuMeH-
ThI, Pa3N4UMsI BO BIUSIHUM (HEPMEHTHBIX ITPerapaToB pasand-
HbIX BUIOB HOCST CUCTEMATUUYECKUII XapakTep, T.e. KaKIOMY
BUIY TIperapaTa TIPUCYILIe OIpeneNéHHoe crenubuIeckoe
Bausiuue. IIpu 3TOM y Bcex IpernapaToB CBOsI criennduka, a ajs
KakIOTo Iperapara oHa ofHa u Ta ke. Takum o6pa3om, 3Have-
HM€e MOTYJISI YIIPYTOCTH, XapaKTePHOE [ MOMEHTA TOTOBHOCTU
MOJIOUHOTO CTYCTKa K paspeske, s KaXOoro (epMeHTHOTO
npenapara GymeT cBoe, HO K03huIMeHT ero Bapualuu Oyaer
He6ONbIIMM, MOOO06HO MpuBegeHHOMY B Tabin. 1, u npuemie-
MBIM JIJISl eT0 aBTOMATUYECKOTO OITpeIeeH s,

4. BbiBOIBI

[IpoBeseHHbIE IPOM3BOACTBEHHO-3KCIIEPMMEHTAIbHbIE UC-
ClefoBaHUSI TI0Ka3ajau, YTO MCIIOAb30BaHME MeTola ropsiyeit
IIPOBOJIOKY, PeaJM30BaHHOTO Ha CTAHIAPTHBIX 3JIeMEHTaX COB-
peMeHHBIX CPeJICTB KOHTPOJIS, I OH-JIaliH ONpeleeHns] MO-
MeHTa FOTOBHOCTM MOJIOYHOTO CT'YCTKa B ChIPOJeNIbHO} BaHHE
K paspesKke, MOXET ObITh 3(G(EeKTMBHBIM pellleHueM IpU Me-
XaHM3alUM M aBTOMAaTHU3alMM MPOU3BOJACTBEHHOTO IIpoliecca
IIPOM3BOJACTBA ChIpa.

N3 mosnyyeHHBIX Pe3y/lbTaTOB MUCCIEOBAHMII MOXHO KOH-
CTaTUPOBATh, YTO TOYHOCTb OIpe/e/IeHUsI TOTOBHOCTU MOJIOY-
HOTO CT'YCTKa K pa3pe3ke C MMOMOIIbI0 MeTO/a ropsiueii mpoBo-
JIOKM BIIOJIHE COOTBETCTBYeT TeXHOJIOTMYeCKUM TPebOBaHUSIM
MIPOM3BOACTBA U HE 3aBUCUT OT JJ03bl BHOCMMOI'O MOJIOKOCBED-
TBIBAIOIIETO Mperapara. BMecre ¢ TeM, pu HaJaaKe 060pymo-
BaHUS (€T0 MPOTrPAMMMUPOBAHMM) HEOGXOMMMO YUUTHIBATD BUJ,
MOJIOKOCBEPTHIBAIOILErO Mpernapara, MCIoJb3yeMoro B Mpou3-
BOJZICTBE ChIpa.

Pe3ynbTaThl MPOBEAEHHbIX UCCAEI0BaHMII TI03BOJISIOT IIpefi-
TTOJIOXKUTH, YTO Pa3Hble BUABI MOJIOKOCBEPTHIBAIOIIMX IIpernapa-
TOB, TPV OJHO ¥ TO¥ >Ke paCYETHOI L03€e, KOaryJIMpyloT MOJIOKO
[10-Pa3HOMY, UTO IPUBOIUT K 06pa30BaHMSI MOJIOUHBIX CTYCTKOB
C Pa3HOI MUKPOCTPYKTYPOIt 1, COOTBETCTBEHHO, pa3HbIMU Hu-
3UKO-XMMUWYECKVMM CBOVCTBAMMU. JTO BIMSIHME OCTAETCSI OO0
KOHIIA He M3YyYeHHBIM U TpeOyeT JalbHEeNMIINX UCCIeq0BaHMIA.

5. BaaromapHoOCTh

ABTOp BbIpakaeT TIIyOOKyIl0 61arogapHOCTh OIBITHOMY
MacTepy-ChIpoJeny, HauaJbHUKY IKCIEePUMMEHTAIbHOIO Iiexa
BHUKVMC MouikuHoii H. A. 3a Heo1ieHMMYI0 MOMOIIlb IIPU MPO-
BeJleHM! JaHHBIX MICCIeI0BaHMIA.

ods [1]. Accordingly, there is the possibility of a sufficiently ac-
curate determination of the moment when milk curd is ready to
be cut; however, in practice most of the existing instruments are
unsuitable for use in shop-floor conditions. The main reasons
limiting their use in online monitoring of gelation process in a
cheesemaking bath are bulkiness, complications in sterilization,
curd disruption in the control process, and high cost. Therefore,
in practice the subjective, organoleptic method for determining
milk curd readiness to cutting is still widely used. For this pur-
pose, knife, spatula, plate or just a palpation are used. In any
case, at first, curd cutting is made, then it is lifted, and if the
curd gives a split with non-deliquescent sharp edges, and clear
released whey has a light green color, the curd is ready to be cut.
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If this is not the case, the sampling is repeated after a while. Ob-
viously, this method is very subjective and requires attention
and a lot of experience from a master-cheesemaker. However, if
the curd is cut ahead of time, then loss of protein and fat with re-
leased whey increases, and if later, the syneresis rate decreases,
and the conditions for cheese grain formation and the quality of
finished product deteriorate.

Modern and widespread mechanization, automatization and
robotization of manufacture processes require the exclusion of
manual operations, replacing them with precise, reliable and
efficient devices. Therefore, many researchers and engineers
are making significant efforts to solve this problem [2]. So, the
principle of the «Gelograph NT» installation, intended for use in
manufacturing conditions, is based on measuring the absorption
and scattering of light in coagulating milk. For monitoring light
is used in the near infrared range (850 nm), which, depending on
the state of the structure, is absorbed or scattered. The measure-
ments are carried out in a container that is thermostated with
a water bath at 32 °C. Milk-clotting enzyme is added to milk,
mixed well and immediately put in the measuring system. In the
online mode the measurements results are transmitted via com-
munication interface to the PC. The system also provides for the
connection of actuators included in the technological process of
cheesemaking. There is also a version called the «Optigraph»,
the distinguishing feature of which is the possibility of simulta-
neous work with 10 channels. A significant disadvantage of this
system is the sampling necessity for analysis. The installation
does not involve taking the measuring transducer directly to the
cheesemaking bath. Accordingly, this method of analysis does
not give complete information about the expected cutting point
of curd during manufacture.

The «TxPro» device is designed to control the gelation pro-
cess in milk under manufacturing conditions. The principle of its
operation, as in the previous case, is to measure the intensity of
light passing through the object under investigation. However,
here the light wavelength, with which the measurement takes
place, lies in range of 680 nm. The sensor itself is safe for use
in the food industry, and its design features assume the possi-
bility of using for online monitoring. The accuracy of the exist-
ing sensors of this installation is satisfactory only in a narrow
range. This drawback is partly due to the limited useful range
of photosensitive elements used in the sensors. The correlation
between the output signal of the photosensitive element and the
radiation intensity of the received light can deteriorate, when
the saturation level is exceeded. Accordingly, for the intensity
below the threshold sensitivity of photosensitive element, noise
may be superimposed on the signal, and thus it would be impos-
sible or at least difficult to determine it. Thus, it is understood
that the available sensors have some limitations.

The «CoAgulLite» device is used in cheesemaking enterprises
to control the gelation process in milk and represents an optical
sensor with a standard current output of 4 to 20 mA. The sensor
usage ensures the cutting point detection of milk curd during the
cheesemaking process. The optical sensor «CoAguLite» registers
the light reflected from milk particles in the near infrared range
(wavelength 880 nm) during the enzymatic coagulation of milk.
The light from the IR LED is transmitted to milk through an opti-
cal fiber, and the light reflected from the milk flows through the
neighboring fiber to the photoelectric detector. The reflection
coefficient of the signal contains the information about changes
in the physical dimensions and properties of casein micelles
during enzymatic coagulation. The further signal is subjected
to a complex mathematical processing, which involves the use
of high-speed signal processing facilities. The measurement ac-
curacy is determined by the variance value and it is found to be
from 1.1 to 1.8 % (calculated by dividing the standard deviation
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by the mean value). This means that it is possible to predict the
cutting point with a standard deviation of about 30 seconds.

Even though the optical methods for monitoring the gela-
tion process are known and have been used for several decades,
their improvement continues. So, in work [3] a rather complex
optical device for inline monitoring of the process of formation
of a milk curd in a cheesemaking bath is proposed. This device
uses the known correlation of backscattering of near infrared
radiation with the elastic modulus during milk coagulation.
Control over the operation mode of the device and processing
the received data are carried out with the help of a specialized
software product.

However, all measuring devices operating on the optical
method have a common drawback — a priori it is necessary that
the surfaces of the radiation source and its receiver are maxi-
mally clean and smooth, since microparticles of different nature,
that settle from the environment onto their surface, can pollute
and attenuate the passage of light in the environment and dis-
tort the results.

For online monitoring of the gelation process in manufac-
ture, devices, in which the primary sensor is the «Sofraser» sen-
sor, are used as well. The principle of the «Sofraser» sensor is
mechanical and based on a change in the amplitude of the probe
oscillations depending on the viscoelastic properties of the en-
vironment contacting the probe. The vibration probe operates in
a transverse position with respect to the installation plane and
oscillates with a constant resonant frequency of 280 Hz (mod-
el 6002 MIVI). The vibration amplitude of the sensitive probe
decreases with increasing viscosity, which makes it possible to
control the gelation process in milk. The sensor can be used in
standard and special sanitary-hygienic conditions of the tech-
nological process. The sensor housing integrates a temperature
sensor that compensates for its influence on the measurement
results. The sensor is highly reliable, has no wearing parts, and
practically does not require maintenance. However, its signifi-
cant disadvantage is the partial mechanical destruction of con-
trolled product during the measurement [4] and, accordingly, the
distortion of measurement results.

A non-destructive method using ultrasonic pulse-echo is
proposed in work [5] for real-time monitoring of acoustic im-
pedance correlating with the rheological properties of the milk
gel. The evolution of the acoustic impedance passes through two
phases: enzymatic phase and aggregation phase. The transition
point between these two phases determines the coagulation
time of the milk. The experimental results show that the pro-
posed method determines the coagulation time more efficient-
ly and more simply in comparison with the known studies, in
which the phase velocity was used to determine the coagulation
time of milk.

For online and inline monitoring of gelation process in a
cheesemaking bath and accurate determination of the moment
of milk curd readiness to cutting, the measuring systems operat-
ing on the basis of the hot wire method are used as well. This is
an indirect method, based on measuring the thermal conductiv-
ity of milk gel, which changes significantly during gel formation.
This method of measuring the thermal conductivity of various
objects has been known for a long time, and to control gela-
tion in milk it was proposed in [6] and developed in [7,8]. The
correlation between the thermal conductivity of the milk curd,
determined by the temperature difference between two sensors,
one of which is heated, and the elastic modulus of the curd has
already revealed it in work [6], and their direct proportionality is
shown in works [1,9]. The numerical values of the change in the
thermal conductivity of milk during its coagulation were deter-
mined in work [10], and the relation between the thermal con-
ductivity and rheological properties of milk was shown.
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The method is simple in practical implementation using
widely distributed standard components and meets all the re-
quirements necessary for automatization of manufacture pro-
cesses. A number of works devoted to the research of the feasi-
bility and expediency of using this method for determining the
moment of milk curd readiness to cutting, as well as the prob-
lems and limitations that arise, were published. Therefore, in
works [8,9,10] it is noted that this method allows determining
with high accuracy the position of the gel-point and the moment
of milk curd readiness to cutting at various doses of the injected
enzyme preparation.

The purpose of this work is to investigate the accuracy of de-
termining the moment of milk curd readiness to cutting in man-
ufacturing conditions using a device, which operation method
is based on the hot wire method, when milk is coagulated with
various kinds of milk-clotting enzyme preparations.

2. Materials and methods
The research was carried out in the experimental production

workshop of All-Russian Scientific Research Institute of Butter-

and Cheesemaking, in a 300-liter cheesemaking bath during the
manufacture of semi-hard cheeses «Rossiyskiy», «Kostromskoy»
and «Gollandskiy». 38 outputs were analyzed.

The investigations used cow milk from a single supplier-
producer — AgriVolga LLC, Yaroslavl oblast, Uglich District, Bur-
masovo village. In the cheese manufacture, fluid cultures on the
basis of poly biochemical concentrates «Bioantibut» and starter
«BK-Uglich-5A» produced by the «Experimental biofactory», Ug-
lich, Russia were used.

For the research, technological aids of the Russian and for-
eign productions were used:

1. «Enzyme rennet 90», Extra (chymosin — 90 %, beef pepsin —
10%), MSA-100000. Plant of endocrine enzymes, Moscow,
Zelenograd, Russia;

2. «Fromase 2200 TL Granulate», which is an acidic protease
obtained from the selected strain of Rhizomucor miehei,
MSA-325000. Production of DSM Food Specialties Dairy In-
gredients, France.

3. «Naturen® Stamix 1150 NB» (chymosin — 50%, pepsin —
50%) obtained by extraction from the fourth ventricle of
calves and/or adult cows, MSA-163000. Manufacture Chr.
Hansen Holding A/S, Danmark
All used milk-coagulating enzymes preparations have state

registration and regarding the quality and safety aspects comply

with Federal Law of the Russian Federation No. 88-FZ «Techni-
cal regulations for milk and dairy products».

The moment when the milk curd was ready to be cut was deter-
mined by the master-cheesemaker of the production department
with the traditional organoleptic method for splitting the curd.

The gelation process of milk in the cheesemaking bath and
determining the moment of milk curd readiness to cutting were
monitored online for changing its thermal conductivity by the hot
wire method. Gel-processing control was carried out continuously,
with the observation results recorded at an interval of 2 seconds.

Statistical processing of the results was carried out in the
EXCEL program, with a significance level of 0.05.

3. Results and discussion

During preparation for the research, an automated system
for online monitoring of the gelation process and determining
the moment when the milk curd was ready to be cut was devel-
oped and assembled. A block diagram of this measuring system
is shown in Fig. 1. The basis of the online monitoring system for
the gelation process is a universal microprocessor two-channel
measuring regulator (4). Such measuring regulators are manu-
factured by the Russian and foreign companies and widely used
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in industry for various purposes. Two temperature measurement
sensors (2 and 3), which were used as resistance thermometers,
are connected to the input of the measuring regulator. Tem-
perature sensor (2) is a standard type using a single sensitive
element. Temperature sensor (3) contains two sensing elements.
One of its sensing elements is used for its intended purpose for
temperature measurement, and the other is used as a heater,
powered by voltage from a standard power supply (5). The tem-
perature sensors bodies are made of food grade stainless steel
and can be placed directly in the cheesemaking bath (1). The ac-
tuating mechanism of the measuring regulator is connected to
the optico-acoustic alarm (6) when the milk curd is ready in the
cheesemaking bath to be cut. The information on the tempera-
ture difference between the sensors, proportional to the change
in the thermal conductivity of the milk curd, correlating with its
storage modulus, is digitally transmitted from the regulator via
RS-485 communication line to a personal computer.

Installation and placing in service of this automated system
in the experimental section of the cheesemaking department of
All-Russian Scientific Research Institute of Butter- and Cheese-
making made it possible to register the kinetics of the change in
the thermal conductivity (storage modulus) of the milk curd in
the gelation process in actual conditions directly in the manu-
facture cheesemaking baths during cheesemaking process. The
manufacture was carried out according to the standard tech-
nological processes of the manufacture of semi-hard cheeses
«Rossiyskiy», «<Kostromskoy» and «Gollandskiy», using the same
enzyme preparation «Enzyme rennet 90», Extra for milk coagu-
lation. For each cheese manufacture, the dose of the injected en-
zyme preparation was calculated individually.

Fig. 1. Block diagram of the automated system for online
monitoring of the milk gelation: 1 — cheesemaking bath;
2 — the temperature control sensor of milk in the bath;
3 — milk temperature heated sensor; 4 — two-channel measuring
regulator; 5 — power supply unit of the heating element;
6 — milk curd readiness indicator to cutting time; 7 — computer
for recording process regimes and controlling the operation
of cheesemaking bath

Fig. 2, 3, 4 show the changes in the storage modulus of the
milk curd in the cheesemaking bath at the final stage of its for-
mation up to the cutting point, grouped according to the types
of cheeses. The end points of the graphs correspond to the mo-
ments of curd readiness to cutting, determined organoleptically
by the master-cheesemaker, and subsequently used to evaluate
the accuracy capabilities of the measuring system.
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Fig. 2. Changes in the storage modulus of milk curd and in the
cutting times in the manufacture process of «Gollandskiy» cheese
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Fig. 3. Changes in the storage modulus of milk curd and in the
cutting times in the manufacture process of «Rossiyskiy» cheese
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Fig. 4. Changes in the storage modulus of milk curd and in the
cutting times in the manufacture process of «<Kostromskoy» cheese

As the properties of the milk, used in the chesemaking pro-
cess, including its ability to form a curd, never remain con-
stant, and depend on many factors, the dose of the enzyme
preparation applied at each cheese manufacture is calculated
individually, so the milk coagulation time was different, and
these differences reached 5-7 minutes. The time from the mo-
ment of addition of the enzyme to the cutting point also dif-
fered by 10-12 min, which does not allow using time param-
eters in the manufacturing conditions to predict the cutting
point.

From the obtained experimental data, as well as from the
graphs of Pic. 2, and 4, it can be seen that the values of the stor-
age modulus of the curd at the moment of its actual cutting un-
der manufacturing conditions are relatively equal in all the out-
puts. The results of statistical analysis of the storage modulus of
the curd at the moment of its cutting are given in Table 1.
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Table 1
Statistical analysis of experimental storage modulus
volume of the curd at its cutting

Cheese

«Kostromskoy»
value of all the

«Gollandskiy»
«Rossiyskiy»
outputs

— The average

[o))
¢S]

3 1.

[oN
O

3 1.

(o))
3
3
(o)
[°
~

Mean, c.u. 1.

St. deviation, c.u. 0.007 0.007 0.026 0.017

Deviation coefficient, % 0.43 0.39 1.53 1.02

Calculations showed that in this case, for the used system,
the average value of the storage modulus is 1.684 c.u.; the stan-
dard deviation is 0.017 c.u. The obtained result can be consid-
ered satisfactory, since the inaccuracy of operation of the actu-
ating device of used measuring regulator is 0.01 c.u.

The obtained investigation results also have shown, that the
dose of the same enzyme preparation brought in milk practically
does not influence on the accuracy of definition of milk curd
readiness to cutting.

The storage modulus of the milk gel is defined and directly
related to its microstructure [12] and reaching a certain value,
and can be used to determine the cutting point of the milk curd.
However, the microstructure of the milk curd depends on the
type of biochemical reactions that occur during coagulation. In
its turn, the thermal conductivity of the milk curd is also largely
determined by its microstructure and at the same value of stor-
age modulus, but for different microstructures the thermal con-
ductivity of the sample can be substantially different.

It is known that currently in the cheeses manufacture the
enzyme preparations of various origins are used for milk coagu-
lation, having similar, but still different, biochemical properties
[13]. So, for example, various natural rennet preparations are
used — veal, chicken, camel, etc.; enzyme preparations of fungi,
preparations of bacterial origin and enzyme preparations of ge-
netically modified organisms. Obviously, despite the fact that
they all have good milk-clotting properties, each of them has its
own characteristics that affect the microstructure of the result-
ing milk curd. Accordingly, the physicochemical properties of
the curd will also differ.

To assess the effect of the type of milk-clotting enzyme prep-
aration on the properties of the milk curd and the accuracy of
determining the milk curd readiness to cutting, we further con-
ducted studies using enzyme preparations «Enzyme rennet 90»,
«Fromase 2200 TL Granulate» and «Naturen® Stamix 1150 NB».
The graphical results of this study are shown in Fig. 5.
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Fig. 5. Changes in the storage modulus of milk curd and
in the cutting times, using different enzyme preparations
in the cheesemaking process
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The obtained data clearly show how the form of the enzyme
preparation influences on the physical property of the milk
curd — the thermal conductivity. In all the experiments using
the same enzyme preparation, but at different doses, at the curd
cutting point the value of its thermal conductivity correlating
with the storage modulus was practically the same. With the use
of enzyme preparations of other species, introduced in equiva-
lent doses, the values of the thermal conductivity of the curd at
the time of its cutting differ by 10-15 % in one or the other direc-
tion, which is unacceptable from the point of view of the auto-
mated determination of the moment when the curd is ready to
be cut. However, as shown by further experiments, differences in
the effect of enzyme preparations of various types are systemat-
ic in nature, i.e. each type of drug has a specific effect. Therefore,
all drugs have their own specificity, and for each drug, it is the
same. Thus, the storage modulus, characteristic for the moment
when the milk curd is ready to be cut, will have its own value for
each enzyme preparation, but the coefficient of its deviation will
be low, similar to that given in Table 1, and acceptable for its
automatic determination.

4. Conclusion

The carried out industrial and experimental studies have
shown that the use of the hot wire method, implemented on
standard elements of modern monitoring devices, for online
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determination of the moment when the milk curd in the chee-
semaking bath is ready to be cut, can be an effective solution
for mechanization and automatization of the cheesemaking
process.

Based on the obtained investigation results it is possible to
state, that accuracy of definition of milk curd readiness to cut-
ting by means of the hot wire method quite corresponds to tech-
nological requirements of manufacture and does not depend on
a dose of the added milk-clotting preparation. At the same time,
when setting up the equipment (its programming), it is neces-
sary to take into account the type of milk-clotting preparation
used in cheese manufacture.

The results of the conducted studies suggest that different
types of milk-clotting preparations, at the same calculated dose,
coagulate the milk in different ways, which leads to the forma-
tion of milk curds with different microstructures and, accord-
ingly, to different physicochemical properties. This influence is
not clearly understood and should be investigated further.
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