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B ornazni naBeneHo pe3yabTaTy aHAII3Y JiTEpaTypH i BJIACHI JaHI aBTOPIB 11010 criemudivHOCTi 1il MOJIOKO03Ccifanb-
HUX €eH3MMHUX IIpelapaTiB Ha IPOTeIHOBUM KOMILIEKC MOJIOKA, 30KpeMa Ha OJHY 3 MOr0o CKJIALOBUX — -Ka3eiHOBY
dpaxmio. [IpoananisoBani maHi cBiguaTh Hpo Te, [0 YMOBU YTBOPEHHS CHUUYYIKHOTO 3TYCTKY YV BUPOOHUIITBI cUpPYy
Bislomi, ajle MexaHi3M IIpoIlecy 3cilaHHsA noci € nuckyciiiauM. [TlokasaHo, 110 OCTiAKyBaHI €H3UMHI ITperrapaTu icToT-
HO BiIPi3HAIOTHCS 3a CBOIMHU BJIACTUBOCTSMHU CTOCOBHO CIIEIIM()iUHOCTI TPOTEOJIi3y IPOTEIHIB MOJIOKA.
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Y pesyabTaTi mii MOJIOKO3CimalbHUX €H-
3UMHUX IpenapaTiB Ha IPOTeIHOBUHA KOMILIEKC
MOJIOKA JOCUTH MVIMOOKUX IIePETBOPEHDb 3a3HAE
OCHOBHUH IIPOTEIH MOJIOKa — KaseiH.

CronenudiuHicTh il MOJIOKO3CiZaIbHUX €H-
3UMIiB moJIArae y ixHiil 3IaTHOCTI PO3IIenaoBa-
T NenTUugHui 3B a30K Mik 105(Pen) Ta
106(Met) amiHOKHCJIOTAMH B JIAHIIIOTY IIEp-
BUHHOI CTPYKTypu &-Kaseiny. B pesysbrari
miei @il MoseKya &e-KaseiHy pOo3IenIieThCs
i yTBOPIOIOTHCA Mapa-E-Kasein Ta rIIiKoMaKpo-
nentug (I'MII). IIpoec Bigmenmenua I'MII Big
-KaseiHy xapaKTepusye 3aKiHUeHHs eH3uMa-
TuuHOI (hasu 3ciganua mosoka [1, 2]. Ilogans-
IIUH TPOTEOoJid KaseiHy CYIPOBOAKYETHCH
HOBiJIBHUM HAKONWYEHHAM IIOJiMeOTUIHUIX
¢parMeHTiB €eH3UMIiB Ta 3AJUINKIB iX posIer-
JIEHHS.

3 MeTO0 PO3IINPEHH JaHUX IPO Iil0 MOJIO-
KO3CiTaJIbHUX eH3MMHUX IIpelapaTiB Ha Kasei-
HOBUI KOMILJIEKC MOJIOKA, 30KpeMa &e-KaseiH,
IIPOBEJIEHO MOPiBHAJBHI JOCHIMKEeHHSA IPOIeCy
Hakonuuenuda 'MII 3anexHO Bix BUAY eH3UM-
HUX Ipenaparis.

Bimomo, m1o ckaan I'MII rereporernnuii. Bin
mictuts 10 30% BYTrJIeBOAIB, 30KpeMa 3ajiu-
mok N-areTuiHeipaMiHOBOI KMCJIOTH, JIOKAJTi-
30BaHUN Ha KIiHI[I BYIJIeBOJ-IIOJIIIIENTUIHOTO
JaHIoora, — 6aussko 8% [42, 43].

BupobHuiTeo cupy — sCKpaBuii IPUKJIAL
CIIPAMOBAHOTO i KOHTPOJILOBAHOTO mepediry
mpoTeoJidy mnpoTeiniB MmoJsioka. KiaouoBum
IPOIeCOM Y BUTOTOBJIEHHI CHPY € KOaryJsdIlis
MOJIOKa eH3UMaMU, BiJ Bugocmenu@iuaocTi mii

AKUX Ha KaldelH 3HAUHOIO MipOIO0 3aJeXKUTh
AKICTH 1 BUXiJ TOTOBOTO IPOAYKTY.

MosokoscimaabHa 30aTHICTL €H3UMIB 3aJe-
JKUTH Bif 0araTbox YMHHUKIB, HacaMIlepen Bim
iIXHIX CTPYKTYpPHO-QYHKIIIOHAIBHUX 1 (hi3uKo-
XiMiYHMX BJIACTUBOCTEH, YMOB KOAryJasaIii
(KucJyaoTHOCTI, TeMmepaTypu, MiHepaJbHOTO
CKJIAZy MOJIOKA TOIIIO).

MonokoscifanbHUN €H3WM € BU3HAYAJb-
HUM YMHHUKOM OTPUMAaHHSA MOJIOUHOTO 3TYCT-
Ky, OCKiJIBKM Bimirpae poJb ngecrtabisizaTopa
KOJIOITHO-IMCIIEPCHOI cucTeMu MoOJioKa. Ilpm
IbOMY Bin Bumocmernu@iuHoCTi #oro mii s3aJie-
JKUTDH BECh XiJi TEXHOJIOTiIUYHOI0 IPOIlecy BUPOO-
HUIITBA CUPY i, B KiHIIeBOMY IIiICYMKY, AKiCTb
rOTOBOTO IPOAYKTY. BcTaHoBiaeHO, 0 HeOO-
XiZHOI0 YMOBOIO IJIsI 3CiJaHHA MOJIOKA i yTBO-
PEeHHsA 3rYCTKY IIOTPiOHOI AKOCTiI € 3gaTHiCTH
€H3UMY pPOSIIEIJTIOBATA TEeNTUAHUNA 3B’ SI30K
y MOJIeKyJi &-rKaseiny, a came Pen(105) —
MeT(106). 3gaTHicTh BIIMBATH Ha Ieii 3B’ A30K
BUSBJIeHA Y HU3KU IIPOTEa3 POCIUHHOTO, TBa-
PUHHOrO Ta MiKpPOOHOTO ITOXOIKEHHS.

Caim 3a3HauMTH, IO i CUYYIKHOTO €H3U-
My (penin K.®. 3.4.23.4) Ha MoJIeKyau Kasei-
HOBOTO KOMILJIEKCY MOJIOKAa 3 MOMEHTY MOTO0
BHECEHHS B IMiATOTOBJEHY MOJOUHY CYMIIII i 1O
3aKiHUeHHs BU3PiBaHHA CUPY HACTLIBKU CIie-
nudpivHa, n10 i Ha CHOTOIHI BiH — I103a KOHKY-
peHIlielo cepen iHIMINX IMOAIOHMX Mpemnapartis.
JlomycKaeThcAd BUKOPUCTAHHA MOro 3aMiHHU-
KiB y BUPOOHUIITBI HaTypaJIbHUX cupiB[3, 4, 5].

¥V pasi BuKopucTaHHA AK 3CiTJaJbHUX areH-
TiB piBHMX TpoTeas MiKPOOHOTO MOXOMKEHHS
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BiZI3HAYAIOTHCA AK ITO3UTUBHI (IIIBUAIIIE IPOXO-
IUTH 3CiJaHHA MOJIOKA 1 BU3PiBaHHA CUPiB),
Tak i HeraTuBHI (BTpaTa CyXuX PEeUOBUWH IiJ 4ac
00pobOJeHHsA 3TYCTKY 1 CHUPHOTO 3epHa, IIOo
MIPU3BOAUTE IO OiJIBIN Hi’KHOI CTPYKTYPU, MOSIBU
BaJl CMaKy Ta KOHCUCTEHIIi1 y cupiB) aBuiia [6—8].
Buiesasunaueni sBuIia € HACTiAKOM TOJOBHIM
YHMHOM TOT0, II[0 MiKPOOHUM MOJIOKO3CiZaIbHUM
€H3VMaM, TOPiBHAHO i3 CUUY)KHUMM, TPUTAMAH-
Ha IIepeBasKHO IIiIBUINEHA IIPOTEOJIITUYHA aK-
THUBHICTE i BiAIIOBigHA Iis HA OCHOBHI KOMIIOHEH-
TH Ka3eiHOBOTO KoMItekcy [9—11].

3 MeTo0 OTpHMMaHHA OiJbINI MOBHOI iH(dOp-
Mmailrii 100 mpoTeosidy KaseiHy MOJIOKO3Ci-
IaJIbHUMU €H3UMHUMU IIpeliapaTaMu AOIiJIbHO
IOKJIAIHIIIe PO3TJISHYTH CTPYKTYPHY OYIOBY
KaseinoBoi wmimean Ta ii OCHOBHMX KOMIIO-
HEeHTiB.

Mimena KaseiHy € KOJIOITHOIO CTPYKTYPOIO
3MIiIITaHOTO CKJAAy, Ma€ BJIACTUBOCTI Timpo-
(impHOrO Ta TiAPOdPOOHOTO 30Jd, AKUHA 3a IIEB-
HUX yMOB (HaIIpUKJIAM, i Ai€l0 eH3uMiB) He-
000pPOTHO mepexoaAuTh y reab. CTPyKTypa
Millesiu KaseiHy OCTaTOUHO He 3’sicoBaHa, Xoua
icHye mekimbka ii momeseii [12—-14], v Tomy
yucai — cybommumnyHa [15, 16].

CyOMitesn yTBOPIOIOTHCA BHACIIIOK Tigpo-
(oObHUX B3aeMomili, a Milesu — 3a PaxyHOK
KoJoigHoro ¢ocdary kKaiabiiro. Kaseimoa
MilleJa € KOMIIO3UIIi€I0 CPepuyHux CcyOoomu-
HUIb, II[0 MICTATH O-, B- 1 se-Kaseinu B mpub-
JausHoMy cuiBBigmomienui 3:3:1 [17-20].

OcCKiJbKY KOKHA MilleJasapHa CyOOmUHUILA
Mae rigpodinabHi Ta rigzpodob6Hi 30HM, TOOYHO0BA
Millesi, TOYMHAIYMW 3 I[eHTPaJbHOI Ccybomu-
HUIIi, He € OJHOPiTHOIO 3a BCiMa HaIpAMKAaMMU.
PesyabraToM Takoi mo0y0BU € OTPUMAaHHS 1I0-
PUCTOI CTPYKTYpPHU Milles Kaseiny, sKa € Jer-
KONPOHMKHOIO IJIAd MOHOMEPiB KazeiHy ¥ eH-
3UMiB, IO MalOTh O0JU3bKiI poamipu. Garnier
[21], mpunyckatoun piBHOMipHE PO3MOAiTEeHHSA
CyOOOMHUIL Y CKJIAII Mimes Kaseiny, IIoOKas3as,
IIT0 BCi OCHOBHI KOMIIOHEHTU Kal3eiHy 3aBIAKU
HaABHOCTI ITOPOXKHUH 1 KaHAJJIB y Mimeagax oJ-
HaKOBO JOCTYHIHIi 70 B3aEMOil peareHTiB 3 MO-
JeKyJIsapHOI0 Macoro o 36 000.

diguuHi i1 XiMiuHi BIacTUBOCTI Kaseiny 3a-
Je)KaThb Bii ¥Oro IIePBHHHOI CTPYKTYypH,
OCKLJIbKY pO3TAallyBaHHA aMiHOKWCJIOTHUX 3a-
JIUINKIiB BU3HAYAE MPOCTOPOBY CTPYKTYPY MO-
JeKyJ. 3HaHHS aMiHOKMCJIOTHOI TOCJimoB-
HOCTi y HOJINEeNnTUAHUX JAHIIOTIB MOJIEKYJ
OCHOBHUX KOMIIOHEHTiB Kas3eiHy Mae BUPi-
mIaJbHe 3HAUEeHHA /1A PO3YMiHHA MeXaHi3MiB
YTBOPEHHA Miles, il eH3MMaTUUYHUX CUCTEM
y ImpoIllecax KoaryJsdllii MoOJIOKa, 00pOoOJIeHHs
3TYCTKY 1 TOJaJNbINMUX II€PETBOPEHBb IIif dYac
BU3PiBaHHS CUPIB.
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Amnanisz omy0smikoBaHMX MAHUX CBiAUNTH
Ipo Te, II0 CTPYKTypHaA OymoBa Kas3eiHOBOI
mimesnu Ta ii OCHOBHMX KOMIIOHEHTIB € BU3HA-
YaJbHOI0 B TIPOIlECi eH3uM-cyOCTpaTHUX B3a-
emonii. MoJyioKko3cigaabHi eH3UMUu IIiATal0Th
rigpoJisy minuii psaf MoJMinenTUIHNX 3B’ A3KiB
He TiJIbKU B MOJIEKYJIax &e-Kaseiny, a i o,- i B-
KaseimiB [11].

TyinbuHa ail MoJIOKO3CifaIbHIX €H3MIiB Ha
KaseiHoBi Mimeam 3aJe)XUTh He TiJIbKU Bif
iXHBOI CTPYKTYPHOI oprauisartii, a i Big mpupo-
I1 1 BJIaCTHUBOCTEN BUKOPUCTOBYBAHUX KOATYy-
asguaTiB. ToMy 10 ocTaHHiX Y cCMPOPOOHiii ramrysi
BHCYBaIOTh 0co0inBi Bumoru. IlomipHuii i BUK-
JI0YHO cHenupiyHUi XapaKTep IIPOTeOoJIi3y
€ OOHUM 3 OCHOBHUX UMHHUKIB y (h)OpMyBaHHI
HeOOXi1JHMX OPraHOJEeNTUUHUX i hisuKo-XiMiu-
HUX ITOKA3HUKIB T'OTOBOTO TPOAYKTY.

BukopucranHa BUCOKOAKICHUX mTpemapaTiB
CUYY)KHOTO EeH3UMY IJd 3CiJjaHHA MOJIOKa
CIIPUSE OTPUMAHHIO IPOAYKTY rapaHTOBaHOI
Arocti. Hafikpamux pesyJabTaTiB MOXKHa [0-
CATTA B pas3i BUKOPUCTAHHS «KJIACHUYHOTO»
CUYYKHOTO eH3UMY 3 OIITUMAaJbHUM CIiBBiITHO-
IMIeHHAM PeHiHy Ta nencuuy. TexHiuHi mpema-
patu cuuy:xkHOTO eH3uMy (penapatru BHUUMC)
mictare 30—-40% mnencuny. Koarynsaiis moJjo-
Ka BimOyBaeTbcsA B pasi BUKOPHUCTAHHSA OyIb-
AKOTO 3 HaBeJeHUX eH3UWMiB, OJHAK OCHOBHE
«HaBaHTaKeHHA» IILOTO IIPOIlecy MpUNagae Ha
peHiH.

Crifikuii gedinuT eH3MMHUX IIpemapaTiB
TBAPUHHOTO ITOXOKEeHHSA CIOHYKAaB cIlelriaic-
TiB [0 HOIIYKY HMOAiOHMX 3a Oi€l0 3aMiHHUKIB
cepenr MiKpoOHUX IIpoTeas.

3IaTHICTh €H3UMY MO0 KOoaryJsilili MoJIOKa
HeIOCTaTHA HOJSA TOTO, Io0 MaHWM mpemapart
BBa’sKaTU 3aOBiJILHUM 3aMiHHHUKOM «KJIACHUU-
HOT'O0» CHUYYKHOTO, OCKIJIbKU He MEHIII BayKJIU-
BY POJIb Ma€ BiAIOBiTHA MPOTEOJIiTUUHA aKTUB-
HicTb. IligBUINIEHA TPOTEOTiITHYHA aKTUBHICTH
MO:Ke IIPU3BECTH 0 BUHUKHEHHS HU3KU Hera-
TUBHUX HACIiIKiB.

BuBuennsa umcieHHUX OmMyOJiKOBaHUX Ma-
TepianiB, MOB’sI3aHUX 3 MUTAHHAM BUKOPIUC-
TaHHA MiKPOOHUX MOJIOKO3CiIaJbHUX IIPOTEA3,
IO3BOJISIE 3POOUTH BUCHOBOK, IO y BUPOO-
HUIITBi CUPiB AOI1JIBHO 3aCTOCOBYBATH JIUIIIE Ti
eH3MMU, AKi 3a cBoiMu (PYHKI[iIOHAJIBHUMU
BJIACTUBOCTSAMU OJIM3bKi IO HATypaJbHOTO CH-
Yy;KHOTO i BiITIOBiZaIOTh CyYacHUM KPUTEPiaM
OI[IHKY MOJIOKO3CiJaIbHUX ITperaparis.

OCHOBHUMU XapPaKTEePUCTUKAMU €H3UMHUX
mperaparis, 1110 iX BUKOPHUCTOBYIOTh AK 3aMiHHU-
KU CUUYYKHOTO €H3UMY, € TaKi: MOJIOKO3Cimaib-
Ha, TPOTEOJIiTUYHA aKTUBHICTD, BiTHOIIIEHH MO-
JIOKO3CiZaIbHOI aKTUBHOCTI IO ITPOTEOJIITUYHOI.
Bimowmi pesyabTaTu mocrigiKeHHA, AKi CBiTUaTD
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PO Te, 110 B CUPOPOOCTBI CJIii BUKOPUCTOBYBa-
TH €H3MMHI IIpenapaTu 3 KOHKPETHUM BiJIHO-
IIIeHHAM MOJIOKO3CiZaJbHOI aKTHUBHOCTL OO
nporeositnunoi. Ilokasano, mo 3a crnemudiy-
HiCTIO TipoJidy KaseiHy eH3WMMHI IperapaTi,
PEKOMEHIOBaHI AK 3aMiHHUKU CUUYYIKHOTO €H-
3UMY, MAalOTh BiANOBiZaTM TaKMM BHMOTAaM:
nporaroMm 3 rox 3a Temneparypu 35 ‘C ra pH
6,5 rigposisyBaru He 6inbire 10% o -dpariii
i 6% ee-dpariii kazeinis [9, 22, 23]. Ha ocuo-
Bi BUBUEHHS KiHeTHKU B3aeMOJil Mimesa kasei-
HY 3 eH3UMaMu MiKPOOHOTO MOXOMIKEeHHA 0yJI0
3aIIPOIIOHOBAHO METOJ CTaHAapTm3alii mpo-
MHCJIOBUX MOJIOKO3CiZaJIbHUX €H3UMiB TypOO-
IVMETPUYHUM PEECTPYBaHHAM Ipoiiecy [24].

Crnixg sasHaumTH, IO AJA CTaHIapTHU3aIii
MOJIOKO3CiIaJbHIUX IIperapaTiB MiKpoOGHOTO
MOXO/KEeHHs Joci He po3pobJieHo yHipikoBanol
METOAMNKHN BHU3HAUEHHS IXHBOI €H3MMAaTHUUYHOL
AKTWBHOCTI U AOTeIep A BUBHAYEHHS XapaK-
TEPUCTUK €H3UMIiB, IKi BUKOPUCTOBYIOTH Yy CU-
POpPOOCTBi, 3aCTOCOBYIOTH Pid3HiI MEeTOIM.

Y 3B’s3Ky 3 muM mpobjeMa pPo3pPoO0JIeHHS
MeTOAy, IO AO3BOJIUTH OIliHIOBATH IIPHUIAT-
HiCTh MiKPOOHUX KOATyJSHTIB AJIS CUPOPOOHOI
rajaysi, € BKpail akTyaJIbHOIO.

Vi 3aMiHHUKY CUYYKHOTO €H3UMY TOCUTh
YyTAUBL [0 YMOB HaBKOJHUIIIHBOI'O CEPEIOBI-
ma, IM0 B MMOETHAHHI 3i cmenudivuicTio aii mo-
JKe icToTHO BOJIMBATH Ha MiKpoOiosoriuni
11 6ioximiuni mpollecu mig uac BU3piBaHHA CHU-
piB i, oTiKe, Ha AKiCcTb TOoTOBOTO MPOAYKTY. Ili
apryMeHTHU 3yMOBJIIOIOTh HEOOXiJHiCTh BBAKATH
3a 1moTpidHe qu@epeHiloBaHHA PYHKI[IOHAIL-
HUX BJIACTUBOCTEM MOJIOKO3CiJaJIbHUX IIpella-
paTiB Ta BUKOPHCTAHHSA iX 3 ypaxXyBaHHAM
TEeXHOJIOTIYHUX TTapaMeTPiB BUPOOHUIITBA i BU-
3piBaHHA PiBHUX BUJIB CUPIiB.

Bioximiuni BIacTuBOCTI eH3UMiB 3aIeKaTh
He TiJIbKU BiJl IXHBOTO aMiHOKMCJIOTHOTO CKJIa-
Iy, ajJe ¥ BiJl ITOCJiTOBHOCTI po3TalryBaHHSA OC-
TAHHIX B HOJIiIEeITUIHOMY JAHITIOTY (IepBUHHA
CTPYKTYpAa), AKA i 3yMOBJIIOE BUKJIOUHO CIIe-
nu@iyHi BIACTMBOCTI KOHKPETHOTO €H3UMY.
Bupuarouu 1iro MOJIOKO3CifaIbHIUX €H3UMiB AK
TBAPUHHOTO, TaK i MIiKpOOHOTO HOXOI:KEeHHS,
BCTAaHOBUJIN, II10 HAABHICTh TPHOX BAJIUIIKiB II0
obuaBa OOKM Bil TOUKM POSINENJEHHS B CyO-
cTparTi € MiHiMaJbHOIO BUMOTOIO JJIsI OTPUMAH-
Hs IIeBHOI HOpMaJIbHOI akTUBHOCTI [25].

ITociimoBHICTE AMiHOKKCIIOT Y ITOJIITIETITUIHO-
MYy JIAHITIOTY BU3BHAYEHO y 0araThb0X eH3nMiB, Xoua
TPETUHHY CTPYKTYPY — TIiJbKU IJIs 00MeKeHOl
KUTBKOCTI MOJTOKO3CiJTaTbHUX eH3uMiB [26].

IToninmenTuaHWII JaHIIOT BUBYEHUX IIPO-
Teas3 CKJIAJMEHUI y IBi yacTUHU, IO BiTOKpeM-
JIeHi TJInOOKOI0 IOPOKHUHOI0, B SIKill JIOKAaJIi-
3yeThCsA aKTHBHA YacTWHA. 3HAYHA YacTUHA

MOJIEKYJIM Ma€ TaK 3BaHy [-JIMCTOBY CTPYKTY-
PV, Ky CKJAagal0Th, B OCHOBHOMY, Tigpo@o0Hi
mapaJjieJIbHO i He ITapaJjejbHO OPieHTOBaHI Ierm-
TuaHi 38 A3ku. BeranosieHo, 1o JiJIsIHKA II0-
POKHUHU € MiciemM KaTtaxitTuuHoi mii. ¥ mo-
POKHUHI aKTUBHOTO IIEHTPY MBI KapOOKCUIbHI
rpyIu 3aJIUIIKiB aclmapariHoBOI KUCJIOTH mepe-
OyBalOTh Y TICHOMY KOHTaKTi ogHa 3 oxHoro. I1i
rpynm BigirpaimoThk BUpPIiIIaJbHY POJL B Ka-
TajgiTuuyHoMy Mexamismi [11].

IIpoBemenuii aHajisa BJIACTUBOCTEM MOJIO-
KO3CiTaTbHUX €H3WMHUX IIpelraparTiB, IO 1X
AKHANIIUPIIIE BUKOPUCTOBYIOTh OCTaHHIM dYa-
COM, CBiUUTL IPO Te, IIIO0 XapakTep IXHbOI mii
Ha KaseiH BUKJIOYHO iHAMWBiAyaJdbHUI i 3aJie-
JKUTH BiJil YMOB HaBKOJIUIIIHLOTO CEPEeIOBUIIIA.
Iamumu caoBaMu, Aid OyAb-aKOTO eH3UMYy ab-
COJIIOTHO BuAOCIIeIru(iuna.

Ilix yac eH3MMATHYHOIO 3CiTaHHS MOJIOKA
pisHUIA B XapaKTepi ripoJisy Kazeiny 3yMOB-
JeHa cmenudiuHicTIO mii MOJIOKO3CimanbHUX
€H3UMiB.

3 IIOBHOIO OOCTOBipHICTIO MOKas3aHO, IO
peHiH posmenaoe Pen(105)—Mer(106)-memn-
TUAHUI 3B’ A30K MOJEKYaU &-Kazeiny [27—29].
Iumri mporeasu, 3acToCOBYBaHI AK 3CimaabHUI
areHT, OYEeBUIHO, TAaKOYK POS3IIEILITIOITDL Iiel
3B’a30k [30].

His emsuMiB Ha TaKkuii cKJIagHUM cyOcTpar,
AK KaseiH, CyIpPOBOYKYETHCA POSIIEIJIEHHAM
He TiIbKU &-KaseiHy, aje il o, Ta B-dhpariiii.
CxiamHicTh NUTaHHS cuerudivHocTi aii Mojo-
KO3CiaJlbHUX €eH3WMiB IOJIATAa€ B TOMY, IO
YyTJAUBICTH [0 €H3UMY IpUTAMAaHHA IIeBHUM
3B’sA3KaM y KaseiHoBiit mimesi. Bigmosias Ha 11
NUTAHHSA MOJYKE CJYTyBaTHU PillIeHHAM 10 BU3-
HaUYeHHA MOBHOI cneru(ivHOCTi Aii MOJIOKO03Ci-
IalbHUX €H3WMIiB Ha KaseiH Ta KpuTepiiB BuU-
3HAUEeHHA 1X BUKOPUCTAHHA y BUPOOHUIITBI
cupy.

Y pesyabraTi 0araTopiuHMX OOCJIiTKeHBb
eH3uM-cyOcTpaTHoi (peHiH—KaseiH) B3aeMomil
0yJio 3p00JIeHO TaKi BUCHOBKM:

— cuenu@ivHicThy il peHiHYy Ha HATUBHUN
KaseiH He 0o0MeKyeThcsA Tifgposizom PeH —
MerT-3B’A3KYy B MOJIeKYJIi &e-Kaseiny [31, 25];

— crnenudiunicTs Ail peHiHy Ha (4 KaseiH
3aJIeXKUTH Bij arperaitii cybcTpaTy a TaKOXK Bif
sHavenuda pH[11];

— B-KaseiH POSIIENIIETHCI PEHIHOM TiJIb-
KU Ha JeKLJIbKOX IIeBHUX IiJITHKAaX IOJIiIel-
TUIHOTO JIAHITIOTY, AKi CYTTEBO BiIPi3HAIOTHCS
3a UyTJIuBicTIO 1o ensumy [27, 32, 33].

Ilicnia moBemeHHsA (QaKTy pO3IIENJIeHHSA
PEeHIHOM TiJILKU OOAHOTO 3B’ A3KY B MOJIEKY.JIi 8-
Kaseiny, 1o Jokaaisosauuii B C-KiHIeBiit uac-
THHi, OyJI0 CHHTE30BaHO KOPOTKI IMenTuau, aKi
MOJZIeJIIOIOTh aMiHOKMCJOTHY IIOCJiJOBHiICTH
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HaBKO0JI0 JabiabHoro e — MeT-3B’ 3Ky, 11100
BUKOPUCTOBYBATH iX AK CyOCTpaTH AJI BUAB-
JeHHA cHenu@iuHOol TPOTEOJiITUUHOI aKTHB-
HOCTi peHiHy Ta #Ooro 3aMiHHUKiB MiKpOOHOTO
MOXOI:KeHHA. BecTaHOBIEHO, IO MOPAL 3 OUe-
BUAHOIO CXOXKiCTIO B XapakTepi aii mporeas, oT-
pumanux i3 Mucor miehei i Mucor pusillus,
icHye pis3HUIIA, 30KpPeMa CTOCOBHO BEJIIUYNHU
koucrauTu Mixaemdica (0,1 MM y MikpoOGHUX
mporeas nmpotu 1,0 MM y peniny) [34].

fAx moraszamo Nitschmann et al. [35], xpu-
Ba sasexkHocTi NPN (HenmpoTeiHOBOI a3oTucToi
(dpakrii, mo BiAlenJOeTbCI Bif e-Kaseiny)
Bim wacy nasa peniny e cmemu@iunoro. Ilicia
3aKiHUeHHA TEePBUHHOI peakIlil BimlienaeHHA
T'MII Big se-raseiny KpuBa #e mapaJjejabHO Oci
yacy, To6To NPN He 36iabITyeThCA.

V¥ pasi, axmio moxkasauk NPN mpomoB:Kye
3pocTaTu, MOKHA TOBOPUTHU PO HAIllapyBaHHA
IBOX peaKI[iii — IEepBUHHOTO i TOHAJILIIIOTO
npoteoaisdy. Husky ekcnepuMeHTaJIbHIX JaHUX,
AK1 KOHCTATYIOTh HAsIBHICTHL HecImenudiuHOro
IIPOTEO0JIi3y KaseiHy IIeIICMHOM i MiKpOOHUMU
mpoTeasaMu, HaBeleHo B poboTax [2, 36].

OpHakK OO OCTAHHBOTO Yacy OCTATOUHOI
BiAIOBiZi Ha HmHMTAHHA IIOAO BiJIelJIeHHI
I’'MII Bim KazeiHOBUX Milles Ta 3MiHEHHS KiJb-
kocti NPN y mportieci ix mpoTeoJsidy min miero
Pi3HUX MOJIOKO3CiTaJbHUX €H3WMHHUX IIpena-
paTiB He OTPUMAHO.

Alais et al. [1] i Benkha [37] BigsunauaroTs,
IO MiJ Yac OIiHIOBaHHS IOKa3HUKIB SAKOCTi
MOJIOKO3CiJabHUX TpernapariB (0co0a1BO, KO-
Ji fileThCcA He PO PeHiH) HeIOCTAaTHBO BPaX0-
ByBaTH MOMEHT HOUYaTKy Koaryiadamii. Corifg
3BepTaTU yBary Ha IIpollecHu nesarperarii xa-
3eiHoBux Mminea 3 Bigmenaesaam I'MII Big ase-
Kaseiny, KoaryJdairii i Hecmeru()iuHOTO IIPOTEO-
Ji3y.

His peHiHY Ha 8-Ka3eiH CyIpPOBOIKYETHCA
He TiJIbKY BifIIeNJIeHHAM PO3YMHHOTO B TPHU-
xgyopornrroBiti kKucaori (TXO0) 'MII, ane # mo-
JAJBIIUM IIPOTE0TIi30M O, - Ta 3-KaseiHis.

YV mamriii poboTi MU BUKOPHUCTOBYBAJIHU Ka-
3eIHOBUM KOMILIEKC, AKWIl OTPUMYyBaJu i3 cu-
pOr0o 3HEXKUPEHOTO MOJIOKA METOJOM KUCJOT-
Horo ocamxennsa 1 M HCI, pH 4,6 [38, 39].
IIpomenypu ocam:KeHHA, IPOMUBAHHA i PO3UM-
HeHHA npoBoguau Tpuui. Ilicasa TpeTsoro pos-
ynHeHHA oTpmMaHoro mporeiny 1 M NaOH
MPEIUIIITAT OleP)KyBaJI 3aKuUcJIeHHAM 1o pH
4,0 o1TOBOIO KUCJIOTOIO i TPOBOAUIIN €KCTPary-
BaHHJA ITPOTEa3 MOJIOKA IIPOTATOM S I'OJl 3a TEM-
neparypu 4 °C. Ocax aBiui mnpomuBaan
IUCTUJIBOBAHOIO BOJOIO, IIEPEMIIIIyBad, PO3-
YMHAJA, OOBoAAYU no piBua pH 6,8. Orpuma-
HUU PO3YUH IIPOITyCKaJIM Ha BOPOoHIIi BroxHepa
Kpi3hb iMIOperHoBaHe aKTWBOBaHe BYTiJad,
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a ¢inxprpart 15 xB nearpudyrysansu mpu 10 000 g
IJIS OUMINEeHHS Binm sanummikiB Byrinaa. Ilicas
I[BOTO TIPOTETH ITepeocaKyBall 3 BUKOPUCTAH-
HAM JeioHi3oBaHOI BOAM, CTEPUIIiZyBaJIU, IIPO-
nycKalouud Kpishb QiabTp 3eUTIA, PO3SUMHIIUN
B MiHimMaubHii KinpkocTi ricrugun-HCl-0yde-
pa upu pH 7,0 i micyisg 3aMOposKyBaHHS 3a T€M-
neparypu —40 °‘C cy6riManiiizno BUCYIIIYBaIN.

BukopucroByBasu eTajoHHU 3pPa30K CU-
YYIKHOTO eH3UMY (PeHiH) i eH3BMMHUI Tpemapar
BHIUUMMC i3 M0J/I0K03CiZaJbHOIO aKTHUBHiCTIO
100 000 yMOBHMX OZUHUIIL BUPOOHUIITBA
BAT «MoCKOBCBKUII 3aBOJ CUUYIKHOTO €H3U-
my» (Pocist), eHsuM MiKpOOHOTO IMOXOAKEHHS
MeiiTo «Microbial meito rennet», akTuBHicTIO
300 000 ymMoBHUX OAWHUIIb, BUPOOHUIITBA
dipmu Meito Sangyo Co., LTD (fAnouis).

3a He0OXiJHOCTI OUUIITeHH S €H3UMiB IPOBO-
IUJIY TaKUM duHOM. IlomepeqHb0 PO3BUMHEHU
i BUTpUMAaHUH 3a IIOCTiAHOTrO IIepeMilyBaHHs
€H3UMHUI mperapaTr MIigisaras IeHTPUPYTY-
BauHIO npu 12 000 g Ha 1abopaTopHiil TeHTPU-
dysi, Tun 310 (IToapia), TPOTOYHOMY Aiaaidy
3a 4 ‘C mporu 0,01 M ricruguu-HCl-6ydepa,
pH 7,0. 3gificHioBaju XOJIOAHY CTEPUJIi3aIliio
i cyburimaItiiino BUCYIITyBaJIn.

MogokoscizaibHy aKTHUBHICTh €H3UMHUX
mpemapaTiB BusHauaau 3a MeTomoM Marmek
i I'aBmoBoi [40], mpoTeoniTHUHY aKTUBHICTH —
3a metogom Benkhe [37].

BusHauenHA KiJIBbKOCTI ciaJoBUX KHUCJIOT
(N-ameTurHeipaMiHOBOI) IIPOBOAMJIN, IOCJY-
ropytouuch merogom Hess et al. [41], y mammii
mMomupikarii.

Mo 100 cm® momeabHOTO posuuny (2,8% -ii
posuuH Kaseinosoro komiriaexcy B 0,01 M ¢oc-
daraomy 6ydepi, pH 6,8) nomaBasu BigmoBigHIM
YMHOM PO3PaxoBaHy KiJIbKiCTH JOCIiIMKyBaHO-
0 eH3UMHOTO Iperapary (3a eKBiBaJIeHTOM eH-
3UM-CYOCTPATHOTO CIIiBBiZHOIIEHHA y CHPO-
pobcTBi), momepenubo posumHenoro B 0,01 M
docharaomy O0ydepi, i Burpumysanu 3a 32 C
y BogsaHill 6aHi. Uepes meBHI IPOMiKKHN dacy
Bigoupasu mo 10 cm?® epmenToBaHoi mpobdwu,
momaBaau 1,4 cv® 10% -1 TXO, pereabHO IIe-
peminryBasiu i uepes 20 XB 3aHypPIOBAJIU Y KUII-
JIS9y BOAAHY 0aHIo Ha 5 XB. IIpoOu 0X0JI0IKY-
BaJId i (pigbTpyBaAIH.

Ho 2 cm® dpinbTpary momasanu 2,5 cm® pos-
yuHy 5% -1 cipuamoi KuCJIOTH B JbOAAHIN OII-
TOBifl KUCJOTi, BUTPpUMYBAIU y KUII AUeHiit
Boxi 1 rox i micass oXOJIOAKEHHS IeHTPUdyry-
Basiu npu 10 000 g. HaasuicTtes N-ameruineii-
paminoBOI KucjaoTu (PiKcyBaam CIeKTPOQOTO-
MeTpUYHUM MeTomoM Ha npuiazni Opton PMQ-3
3a DOBXKMHU XBUJIi 450 HM.

3aJis BCTAHOBJEGHHSA MexXaHisMy il moJjo-
KO3CiZaJbHUX IIpellapariB Ha Mileau Kaseiny
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HaMM IIPOBEIEHO MOPiBHAJBHI MOCIIiIKEeHHS
maxonuueHHa I'MII 3anesxkHo Bif 1il Ha HUX eH-
3UMHUX ITpeIaparis.

Kpusi, 1o Bimo6pakaoTs fTMHAMIKY HaKO-
nuuenHsa N-aleTuJHedpaMiHOBOI KHCJIOTHU
BHACJTIJOK POIINEIlJIeHHA &-KaseiHy MOoJIo-
KO3CiZaJbHUMHU IIpemaparaMu, IOKasaHO Ha

PHUCYHKY.

OnTtuyHa ryctuHa, I

Yac, xB
cuuy:xkHu ensum (0,25 MKr/mi)

ensumHuui npenapatr BHUVIMC (0,25 MKr/mur)
npenapat Metito I'20X (0,16 MKr/mur)
npemnapat Meiito I'20X (0,08 MKr/M1)

JuHaMika HAKONMUYEHH I'IIKOMaKPOIEeNTHIIiB
Ta IXHiX (pparmeHrin

Hisa cuuyskHOro eH3UMy Ha KaseiHOBi Mire-
JU XapaKTepusyeThbCAd IHTEHCUBHUM BiAIleIl-
aeanam I'MII ynpogoB:x mepmmux 60 xB. Ileit
IpPOIleC CYMPOBOKYETHCSA IIiIBUIIEHHAM IIO-
KasHUKa onTu4YHOI ryctuHu. Iloganbiiia 1BOro-
IVHHA €KCIIO3UIliA eH3UMYy B PO3UMHI Kazeiny
3a remuepaTrypu 32 ‘C He IPU3BOAUTE IO 3MiHHI
cucteMu (BeJIWUYMHA ONTUYHOI I'YCTUHU IIPaK-
TUYHO He 3MiHIOETHCA) 0 MOMEHTY peecTpaitii
IPYTroi TOUKY IIePeTuHy.

Cuin BigsHaAUMTHM IiABUINEHHS 3HAYEHHS
OIITUYHOI T'YCTUHU ITicJA APYroro meperuHy,
OCKiJIbKM OTPUMAaHi pes3yJabTaTH TO3BOJISAIOTH
3pOOUTH ABA IPUIIYIIEHHA.

ITo-nepie, TOTiYHO IPUITYCTUTH, ITIO HA II0-
YaTKOBOMY eTalli Aii cuuy:XKHOro eH3uMy Ha Ka-
3eiH (30iJbIIIeHHA 3HAYUEeHHS ONITUYHOI I'YCTUHU
IO TIEePIIIOTO TEepPeruHy) BiAOyBaeTbCcs Bimlmen-
aeausa I'MII Bix se-KaseiHiB, AKi MicTAThCA Ha
moBepxXHiI KaseiHoBux Miresa. Ile cupuuuHioe
BHYTPIiIlIHbOMOJEKYIAPHI (KoHpoOpMaIiiini)
3MiHU CyOOIMHUITh Ka3eIHOBUX MiIleJI, IO CYII-
POBOIKYETHCA MOJIEKYJISAPHOIO TepebGyI0BoIo,
AKa J03BOJIAE aKTUBHUM ITEHTPAM MOJIOKO3Ci-
ITaJbHUX €H3MMIiB BILJIMBATHU Ha TJIMOMHHI ce-
pu KaseiHOBUX cyOMiIles. YHACIIZOK IIbOTO
BimbyBaeThca Bimmmemnaenus I'MII Big Bamko-
JOCTYHIHMX BHYTPIIIHBOMIiIleNAPHUX SL-Ka-

3eiHiB (30ibIIIeHHS 3HAUEHHSA ONITUYHOI I'YCTH-
HU IIiCcJA APYTroro IIeperuHy).

Ilo-gpyre, Mo:KHa IPUOYCTUTHU, IO 3apee-
cTpoBaHe 30iJbIITeHHSA ONTUYHOI TYCTUHY ITicJIa
IPYyroTo TepermHy OB sdA3aHO 3 Hecmerudiu-
HuM npoteoJizom 'MII, axuit cynmpoBOKYETH-
ca BimmenaeHHam N-aleruanelipaMiHoBOI
KucjyoTtu. IIpu 11bOMy BOHA ITEPEXOAUTH B iHIIIE
¢isuKo-xiMiuHe OTOUEHHsI, IKe CIPHUsIE 30iTb-
IIeHHIO 3HAUEHHA OIITUYHOI I'YCTUHU.

Binbm meTanbHUM aHaAJi3 OTPUMAHUX pe-
3yJbTATIiB [M03BOJISAE 3POOUTH BUCHOBOK, IO
mepIie TPUNYIIEHHSA CYyNepeYuTh iCHYIOUUM
IaHWM IIPO Te, 110 eH3UM-CcyOCcTpaTHI B3aeMOil
3a BUOpaHUX HAMU KOHIIEHTPAIlilHUX CHiBBiJI-
HOIIIeHb, a TaKOXX BHYTPIIIIHBO- 1 MilKMOJIEKY-
JSAPHI CTPYKTYpHI mepeOdymoBU CYOOAUHUITH
Kas3elHOBUX MiIleJ € BUCOKOIIBUAKICHUMU IIPO-
mecamu. TakuM YMHOM, iHTepBaJ MiK TOUKa-
MU IIeperuHy, Io AOPiBHIOE 2 TOM, MAaJIONMO-
BipHUi#. BogHouac mapyre mpunmyIneHHA mobpe
YBTOPKYETHCA 13 3araIbHOIPUNHATUM YSABJIEH-
HSAM, III0 CUYYKHUU €H3UM Ma€ BUCOKY CIIEI[H-
¢iuny 1 HUBBKY Hecllenu(PiuyHYy IPOTEOJIITUUHY
aKTUBHICTB, a OT:Ke, iHTepBaJI MiyK HAKOIMYEH-
HAM peecTpoBaHoi kKimbkocti I'MII i ¢par-
MEHTIB HOT0 PO3IeNJeHHsS MOKe OYTH TOCUTH
TPUBAJINM.

OkpiM TOro, Take IPUIYINEHHS I03BOJIIE
3 BUCOKUM CTyIeHeM BipOTrifHOCTI iHTEepIpeTy-
BaTU KPUBY, IIO0 BimoOpaskae mporec GepMeH-
rTaiii Kaseiny mpemapatoMm MeiiTo, AKuil Mae
IOCUTHh BUCOKY HecHenu(diuHy IPOTEOJITUUYHY
akTuBHicTH. IIpm 1bOMYy He BUKJIIOUEHO, IIIO
el Ipernapar 3JaTeH PO3INeIJIIOBAaTH BYTJIe-
BOIHO-aMiHOKMCJIOTHI 3B’a3ku. OTike, 300pa-
JKeHa Ha PUCYHKY XapaKkTepHa S-ImofioHa KpuBa
eH3UM-cyOCcTpaTHOI B3aeMogil KaseiHy i cu-
YY;KHOTO €H3UMY J00pe Y3TOAMKYEThCS 3 JaHU-
MU JIiTepaTypu i HepeKOHJMBO HiTBEPIKYE
IPUCYTHICTHL ABOX eTalliB y nil peHiHy Ha Ka-
3eTHOBUM KOMILIEKC: IIEePIIUN — MNOPYIIeHHS
3aXMCHOT'0 KOJIOITHOTO CTaHy KaselHOBOI Mille-
JY, M0 TPU3BOAUTH Yy IMOAAJBIIOMY IO YTBO-
PEHHSA MOJIOYHOTO 3TYCTKY, i APYTUH — TOBiJIb-
HUN HecnenudiuyHUN TPOTEOJi3 KaszeiHiB
MOJIOKa, 30KpeMa &x-Kaseiuis i I'MII.

BB ensumnoro npenapary BHUMMC Ha
KaseiH ileHTHUYHUN Ail CUUYIKHOTO E€H3UMY
3 Ti€elo JIMIlne PisHuIero, IO eH3UMH, SIKi BXO-
IATH OO CKJIAAY IIEPIIIOro, MAalOTh BUIIY HecIe-
nudivny nporeosiTuuHy arkTuBHicTh. Tax,
VIIPOAOB:K IIEPIINOl TOAWMHU MOii YTBOPIOETHCS
BeJIUKa KigbKicTs N-amermiHelipaMiHOBOI
KUCJIOTH.

BnsuB Ha kKaseiHOBU KOMILJIEKC eKBiBaJe-
HTHOI 3a MOJIOKOB3CilaJbHOI0 aKTUBHICTIO CU-
Yy)KHOIO €eH3UMY KiJbKocTi mpenapaty MeiiTo
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MPU3BOAUTH OO Ife OiJbII iHTEeHCHBHOTO Bif-
memendas 'MII, ocob6IMBO TIPOTATOM IIePIIol
TOOVHU iHKyOAallii, sKe 3aBepIIyeThCA Uepes
3 rox 3 MOMeHTY modaTky peakirii. Ile e pas
OigTBeP:Kye 3HAUHO BUIIY, IOPIBHAHO i3 cH-
Yy)KHUM €H3UMOM U eH3UMHUM IIperapaToM
BHHUHMMC, mpoTeoJiTHYHY aKTHUBHICTH JOCJIi-
I:KyBAaHOTO MiKPOOHOT0 eH3MMHOTO IIperapary.

Cuim HarosiocuTH, 1110 BUKOPUCTAHHA Y ABa
pasm 3MmeHIeHOI mo3um mpemapatry MeiiTo
3YMOBJIIOE TAKy camMy 3aJIe}KHICTh BiflenJieH-
Ha I'MII, ak i B pasi gii cuuy:xHOTO eH3UMY ab0
npemnapaty BHUMMC.
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JTENUCTBUE S9H3UMHBIX
MOJIOKROCBEPTBIBAIOIIUX ITPEITAPATOB
HA ITPOTEMHOBBIV KOMITJIEKC
MOJIOKA

C. B. Bopodaii
3. B. Bondapuyk

TexHOJOTUYECKUII UHCTUTYT MOJIOKA U Msca
YAAH, Kues

E-mail: timm@fm.com.ua

B o630pe mpuBemeHBI MaHHBIE JUTEPATYPBI
1 COOCTBEHHBIE NAHHBIE ABTOPOB, KAacCAaloIUecs
cnenu@uUIecKoro OeiicTBUA MOJIOKOCBEPTHIBAIO-
IUX 9YH3UMHBIX IIpellapaToB Ha IIPOTENMHOBBIH
KOMILJIEKC MOJIOKa, B YaCTHOCTU Ha B-Ka3eMHO-
ByI0 (Qpaxmnuio. IIpoananusdupoBaHHBIE HaHHBIE
CBUIETEJIBCTBYIOT O TOM, YTO YCJOBUS 00pasoBa-
HUSA CBIUYKHOTO CI'yCTKA IIPU IPOU3BOACTEE ChIpa
M3BECTHBI, HO CAM MeXaHU3M IIPoIlecca CBePThIBA-
HUA OO0 CUX IOP ABJAETCA OTUCKYCCUOHHBIM. Ilo-
KasaHo, YTO UCCJIeyeMble SH3UMHBIE ITperapaThl
B BHAUUTEJILHOM CTEIIEHN OTJINYAIOTCA MEKIY CO-
001i 110 CBOMM CBOIiCTBAM CIEI(DIUECKOTO IIPOTEO-
JI3a MPOTENHOB MOJIOKA.

Kntouesvle cnosa: >H3UMBI, IIPOTEenHBbI, MOJIOKO,
IIpoTreojsmns3, CbIP.

36

INFLUENCE OF ENZYMES’ CURD
FORMATION PREPARATIONS
ON THE PROTEINS COMPLEX

OF MILK

S. V. Boroday
Z.V. Bondarchuk

Technological Institute of Milk and Meat
of UAAS, Kyiv

E-mail: timm@fm.com.ua

The information concerning specific effect of
curd formation enzymes on the proteins complex
of milk in particular on -casein fraction are
given in the review. The analyzed data show that
the terms of rennet curd formation are known
for cheese makers, but a mechanism of curd for-
mation process is debatable until now. It is
reported that the investigated enzymes prepara-
tions differ by the properties of specific proteo-
lysis of milk proteins.

Key words: enzymes, proteins, milk, proteoly-
sis, cheese.





