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Annomauus

B Hacmosuee spems HakonseH 3HA4UMeNbHbLL ONbim 3PhPekmueHoll nepepabomxiL 6MoPUUHBIX CbiPbesbiX Pecypcos MACHOL
npomviunerrocmu. OOHAKO 00/ UCNONIb30BAHUS UX HA NULLeSbLe Ye/lU OCTNAercs HU3KOU. Omo, npexcde 6cezo, KAcaemcs ne-
pepabomixu MHO2OKAMEPHbIX JHeTy0KO06 CeNbCKOXO03AUCNBEHHIX HUBOMHBLX. [lepcneKmusHbIM HaNPasIeHUeM HAYYHbIX UCcCTle-
0o8aHUll A6/IEMCA KOMNEKCHOE UCHOTIb308AHIE KAK NUL4E6020, MAK U OUOMEXHON02UHecK020 NOMEHUUANA IMUX CYONPOOyK-
mos. B 0annoii pabome uccne008aHa 803MOIHOCb PePMEHMAMUBHOU MOJUPUKAUUU KOIAzeHCO0epHcauez0 PyOua KpynHoeo
pozamozo ckoma pacmeopom nencuna (nusamom). Pacmeop nencuna nonyuen memooom asmonusa u3 pepmenmcooepicausei
Kamepul HenyoKa KPYyNHo20 poeamozo cKoma — UenbHoz0 Cbityed, 1M020d KAK 00biMHO TU3AM NOTYHAIOM U3 CIUSUCTOL 060-
JIOHKU Cblty2a, NPOUECC 0rMoeneHUs KOmopo2o A6/semcss 00Cmamo4Ho mpyooemkum. Vccnedosanuamu ycmanosieHo, Ymo -
3am, NPU2OMo6eHHbIl HA OCHOBE UeNIbHBIX 208AHOUX CblHY2e08, HAPAOY C NPOMEONUMUUECKOL, 001adaem U KOnIazeHA3HOL
aKmueHocmoio. [ nosviuieHus sekmusHoCmu 6vi0esIeHUs NeNCUHO2EHA HECKYI0 COeOUHUMENbHYI0 MKAHb Cbity2d U3-
MenbHAny U PA3PLIXIIAIU KUCTILIM PACME0POM nonudocdama, komopoiii 06n1adaem makice 6AKMePUOCTNAMULECKUM 0eticmeu-
em. Ha ocnosanuu pesynvmarmos sxcnepumenma paspadomana payuoHAnbHas MexHOI02Us 6bl0eNIeHUsT NeNCUHA U3 UeTbHbIX
coiuye06 be3 npedsapumenvHoeo omoeneHus causucmoi obonouxu. Taxsie 00KA3aHA B03MONCHOCHb PepMeHMamueHoli Moou-
Pukayuu KonnazeHcooeprause20 2084 bez0 PyoUa NoIyUeHHbIM TUSAMOM C YIyHuieHUeM PYHKUUOHATLHO-HEXHON02UHEeCKUX
xapaxkmepucmuk. IKCNepUMEHIMATIBHO YCINAHOBIIEHbL PeHUMbL U NAPAMEMPbL NPoyuecca depmeHmamusHoli Moouduxkayuu
ceoticme mxanu pyoya.
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Abstract

At present, a significant experience in the effective processing of secondary raw material resources of the meat industry has been
accumulated. However, a proportion of their use for food purposes remains to be low. First of all, this concerns processing of the
multi-chambered stomach of farm animals. A prospective direction of scientific research is the complex use both of food and bio-
technological potential of these by-products. In this work, a possibility of the enzymatic modification of the collagen-containing
bovine rumen with the pepsin solution (lysate) was studied. The pepsin solution was obtained by the autolysis method from the en-
zyme containing chamber of the cattle stomach — the whole abomasum; whereas, usually the lysate is obtained from the abomasal
mucosa, which separation is quite a labor consuming process. The investigations established that the lysate prepared on the basis of
the whole bovine abomasa had the proteolytic activity along with the collagenase one. To increase the effectiveness of pepsinogen
extraction, the tough connective tissue of abomasa was minced and loosened with the acidic solution of polyphosphate, which also
has the bacteriostatic activity. Based on the results of the experiment, the rational technology of pepsin extraction from the whole
abomasa without preliminary separation of the mucosa was developed. In addition, a possibility of the enzymatic modification
of the collagen containing bovine rumen using the obtained lysate with improvement of the functional and technological charac-
teristics was proved. The regimes and parameters of the process of the enzymatic modification of the rumen tissue properties were
experimentally established.
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BBegenne

OIHUM M3 MHTEHCUBHO Pa3sBUBAIOLIVMXCA M HMEePCIIeK-
TUBHBIX HaNlpaBjIeHMil MsicollepepabaThIBaOleil OTpa-
CIM TIPOMBIIUICHHOCTN SBJIAETCS pa3paboTKa HOBBIX
peLenTyp U TeXHOJIOTHII C MICTIIO/Ib30BaHVeM BTOPUYHOTO
MSICHOTO CBIPbsI, COAEpPIKAIIero JOCTaTOYHOEe KOINYeCT-
BO 0€/IKOB, )XMPOB, BUTAMMHOB I MMKPO3/IeMeHTOB. Bo-
B/IeYeHNe B NPOM3BOACTBO BTOPUYHOTO CHIPbsI MSICHOI
IPOMBIIIIEHHOCTY CIIOCOOCTBYeT MOBBIIEHMIO 9 dek-
TMBHOCTY VCIIO/Ib30BAHNUA O€TOKCOIep)KAILero ChIpbA,
PaCUIMPEHNI0 aCCOPTUMEHTA MPOAYKTOB MUTAHUS U pe-
IIEHNIO SKOTIOTMYECKIX 3a/ad.

B mocnepHue roppl ocoboe BHMMaHME YHETSIOT WC-
HO/Ib30BAHNIO CYOIPOAYKTOB Ha IMINEBbIe IeMu. JTO
CBSI3aHO, IIPEXKJIe BCETO, C JOCTATOYHO BHICOKUM BBIXO[IOM
BTOPUYHOTO O€TOKCOZIEP>KAILEro ChIpbsi 110 OTHOLICHNIO
K XXMBOJI Macce ckoTa. Hampumep, pybel nmeeT BBIXOR
1,7-2,5%, 3TO cocTaBjAeT IPUMEPHO 6-8 KI' OT OJHOTO
)uBoTHoro. Crnenyer Takxe orMeTutb, 4ro B CCCP Ha
MACOKOMOMHATax CTabuIbHO paboTamyu yOolHbIe Iiexa.
CyOIpoRyKThl HAIlpaB/Is/IM Ha M3TOTOBJICHNUE IMIEBOI
M TEXHNYECKOV IpPOAYKLVM, KOPMa, MCIOIb30BAIN KaK
9HIOKPUHHO-(epMeHTHOe Chipbe. CerofHs TU Ipous-
BOJCTBA IPAKTUYECKN OTCYTCTBYIOT Ha MsAcolepepaba-
THIBAOLMX HpeanpusaTusax. Kpome rtoro, mepepaborka
CYOIPOAYKTOB IpOLeCC TPYAOEMKMii, TpebyeT 3HAa4M-
TE/IbHBIX PECYPCHBIX 3aTpaT. OTU BOINPOCH HEBO3MOXHO
pelINTb Ha MEIKUX HPeJIPUATUAX U yOOIHBIX IIyHKTAX.

Hayunble uccnenoBanms B 3TOil 00/acTM HOCBsLIe-
HBI MaKCMa/IbHOMY JCIIO/Ib30BAHMIO KaK IMIIEBOTO, TaK
U OMOTEXHOTIOIMYECKOTO MOTeHIMaIa CyOnponyKToB. Vc-
ClIefloBaTe/ IIPeIJIaraloT TaKye HAIpaBIeHNUs VCIOTb-
30BaHMsI KOJUIATEHCOAEPKAILeTO ChIPbsl, KaK IOIyYeHMe
6e/IKOBO-XMPOBBIX aMy/Ibcuit (1, 2, 3], sxenatnHa [4], npe-
[IapaToB /I 300TeXHNUM [5], BK/IIoYeHe MOAM(pUIIIPOBaH-
HBIX CyOIIPOIYKTOB B peLleNTypy MACHBIX u3fienuii [6, 7, 8].

HekoTtopble cyOmpORyKTHI, TaKye KaK JXeIyAoK Cellb-
CKOXO3AJICTBEHHBIX JXVBOTHBIX, SH/IOKPMHHBIE OpTaHbI
U apyrue, o6/1afalT OMOTEXHOMOTMYECKUM IOTEeHIVA-
noM. YKenyox >KBauHBIX )XMBOTHBIX IIPEACTaBIIAET COOO0I
JiBe TMIIeBapUTEIbHBIE IIOTIOCTY, KOTOPbIE CYLeCTBEHHO
PasIMYanTCs APYT OT ApPyra IO CTPOEHMIo 1 (PyHKIVSM:
¢byHpanbHYI0 U IWIOpuMYeckyo. IIpumedaTenpbHO, 4TO
HENCUH MMIOPUYECKOTO COKa IepeBapuBaeT COENVHM-
TeJIbHOTKaHHbIE OenKu [9].

OtpenbHOI KaMepoil >KelnyAka KPYIHOIO poraToro
CKOTa SIB/ISIETCS CBIYYT, CIM3UCTasi 06070YKa KOTOPOTO,
ABJIAIOIAACA LEHHBIM 3HIOKPUHHO-(DEPMEHTHBIM CBbl-
pbeM i monydeHus: pepMeHTa MeICHUHA, IIMPOKO WC-
HO/Ib3YETCSI B CHIPOZIEIMIA U IPAKTUYECKON MeALIMHE IS
CO3flaHMsA MPENapaToB, CTAOMIM3MPYIOIIVX IPOLECCHI
nyieBapeHns. AHaIN3 MMEIOINXC B JIMTEpaType MC-
CJIeJOBaHMII B 9TOM HaIlpaBJIeHNM [TOKa3a/l BO3MOXXHOCTb
MICIIO/Ib30BAHNS M3BECTHOTO TeHJepu3ymouiero agdekra
IPOTEOMUTNYECKNX (PEPMEHTOB, VMEIOLINXCSA B CIMU3MU-
CTOI1 060/I0UKe ChIYyTa KPYITHOTO POraTOro CKOTA.
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OfHaKo C/IOXKHBIM TEXHOJIOTMYECKVM IPOIecCOM
ABJISIETCS OTHEJIEHMe CIU3NUCTON OOONOYKM OT TKAaHU
coruyra. [loatomy B faHHOI paboTe paccMOTpeHa BO3-
MO>KHOCTD BBIJIE/ICHNUS M aKTMBU3ALMM HENICUHOTEHA 13
LIe/IbHBIX CBIYYTOB M MCCIEOBaHNE ero TeHJepu3yiolle-
TO JeVICTBMS Ha KOJUIareHCOAep Kaluil pyber], KOTOPbIil
uMeeT Hambonmpimit Beixop 1,7-2,5%. IIpeobmamatommm
(YHKI[MOHA/IBHBIM COCTaBHBIM KOMIIOHEHTOM KOTOPOTO
ABJIACTCA COeNVHUTENbHASA TKaHb, COCTOSIASA M3 KOJIIa-
reHa U 37IACTVHA, C BKIIOYEHNUSAMU JKMPOBON ¥ MbIIIeY-
HOJI TKaHell. [71ajikas Mpllle4Has TKaHb pyOIja COCTOUT U3
BHYTPEHHETO ¥ Hapy>KHOTro c/10eB. K I/IaIkoll MbIIIeYHOI!
TKaHM pyOIla IPYMEIINBAIOTCS U MONIepeYHO-10I0CaThie
MBIIIIeYHbIe BOMOKHA [1].

KortareHoBbIe 11 971aCTMHOBBIE BOJIOKHA PyOlLia IPUAI0T
€My BBICOKYIO IPOYHOCTb, YTO TpebyeT MpyMeHeHNs CII0CO-
60B ero TeHAepU3aluny sl Ja/IbHEIIIero MCIO/Ib30BaHMs
B pellenType MACOIpPOayKToB. CyllieCTBYIOT MeXaHIYeCKIe,
¢dusnyecKme, XuMmnIecKe 1 610TeXHONOTMYeCKIe CIOCOObI
TeHJepu3alyy KoJUIareHcofepyKaliero coipbsi. Hambonee
3¢ peKTUBHBIM U3 ITepeunCIeHHbIX METOROB sIB/IAETCS 6110-
TEXHOJIOTTYECKIIA, OfHAKO IIPUMeHEHEe TOTOBBIX (epMeHT-
HBIX IIPENIapaToB B MSICHON TPOMBIIIIEHHOCTY OTPaHIIEHO,
4TO 0OBACHACTCS JOPOTOBU3HOI! IIPENapaToB, TPYAHOCTBIO
nop6opa ¢pepMeHTOB, BO3/IE/ICTBYIOIINX Ha O€/IKM Y CTPYK-
TYPHBIE 37IEMEHTBI MbILIEYHO U COESVHUTENDHOM TKaHE
Msica B YKe/laeMOM HallpaB/IeHU.

BospeiicTBOBaTh Ha O€/IKM KO/ITareHCOAepIKaIlero Chl-
PbsI MOTYT IIPOTea3bl ¥ KOJIareHasbl. VI3BeCTHO, YTO KOJI-
JlareHa3bl He 00/1afIaloT CTPOroit CybcTpaTHOI criendud-
HOCTBI0. Tak, Ko/lareHasa MUKpOOHOTO IIPOUCXOXKICHN,
cunresupyemas Clostridium histolyticum, obnagaer mm-
POKOIT cIeIUYHOCTBIO M MOXKET PACIIEIIATD ITOJIUIIeTI-
TUIHYIO Iienb 1o 6oee 4eM 200 ygacTkam [10].

TkaHeBbIe KOJ/IIareHa3bl IPOSBIIAIOT 60/Iee Y3KyIo CIle-
nudnaHoCTh. Hanpumep, KommareHasa roroBacTika pac-
IIeTIsIeT TPOIOKO/IATeH B OJHOM JIMIIb MecCTe, IpyieM
cpasy Bce Tpu Lenu. B pesynbrare npu Temneparype 37 °C
7iBa pparMeHTa CHOHTAHHO Pa3BePTHIBAIOTCS 1 CTAHOBSIT-
Csl JOCTYIHBIMY [IEHICTBUIO APYIUX IPOTEOTUTUUECKUX
depmenTos [10].

[TencrHOTe€H MMIOPUYECKOTO COKa ChIYyra IIOC/Ie
aKTMBM3ALVM MOXeT 00/afaTh ¥ IPOTEONTUTUIECKOIL,
U KOJITaTeHa3HOJl aKTMBHOCTbBIO, IIepeBapyuBasi COeVHI-
TeJIbHOTKaHHbIe Oenku [9].

B cBs3u ¢ atuM s peuteHus 3agaun 3¢deKTuBHOM
nepepaboTKM CyOIPOAYKTOB Ha INIEeBble Lie/u IpOBe-
IeHbl VICC/IEOBAHMA IO YIYYIIEHWI0 TeXHOTOTMYeCKNX
CBOJCTB I'OBSI)KbEro py6ua, KOTOPBbIii, B OCHOBHOM, COCTO-
UT M3 COE[VMHNUTEIbHON TKaHU U IIOCTIe TEIUIOBON obpa-
60TKM IproOpeTaeT XKeCTKYI0 CTPYKTYPY.

Vcxops u3 BBIIIECKA3aHHOTO 1Ie/IbI0 PAbOTHI ABUIIOCH
VICCTIe{OBaHMe BO3MOXKHOCTY IIONIy4eHUs (PepMEHTHOTO
pacTBOpa M3 TOBSKbETO IIeIBHOTO ChIYyTa JyIsi MOfuQU-
Kanuy (QpyHKIMOHATbHO-TEXHOJIOTMYECKIX CBOVICTB KOJI-
JIareHCofepyKallero pyoua.
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Marepuanibl 1 METORbI

Insa mpoBefieHMs 3KCIIEPMMEHTa 3arOTOBKY ChIpbs
OCYILIeCTB/IAMM Ha IleTpomaBlIOBCKOM MACOKOMOMHa-
te (xupyuckmit paiion, Pecny6rmuka Bypsarus). B co-
OTBETCTBMM C IPUHATOI TEXHOJIOTHEN B Ipolecce yOos
JKUBOTHOTO M3BJIEK/IM BHYTpPEHHNE OpraHbl, B TOM YMU-
Cle JKeNTy[JOYHO-KUIIEYHbIVl TPAKT, KOTOPbI HallpaBUIN
Ha CIlenVaabHbI cTo/l. Ha cTone mpoussenn otneneHue
KMIIEeYHNKA U pasjie/ieHlile MHOTOKaMEePHOTO JKeTyfIKa Ha
OT/lelIbHbIe YacTU: KHIDKKY, CETKY, pyber u cprayr. Cre-
AyeT OTMETUTD, YTO ChIYYT OTHENA/IM BMECTe C Hadalb-
HBIM OT/Ie/IOM KMIIEYHNKA, KOTOPbIN, TaKXKe KaK I ChIYYT,
B KIIC/ION Cpefie BbIfe/sieT NelCUH, TUAPOIN3YIOMMNIA MbI-
IIeYHble ¥ COeAVMHUTEIbHbIE Oenkn. PasjienieHHbIe KaMe-
PBI >KeJTy/iKa OCBOOOXKAA/IN OT COTEP>KUMOTO M >KUPOBOI
TKaHU, IPOMBIBa/IN BOJON TeMIIepaTypoii He Bbiire 25 °C,
3aMOPAXMBA/IM B CIELMATbHBIX eMKOCTAX IIPU TeMIlepa-
Type Munyc 18 °C, xpaHun He 60j1ee MeCTI MecALeB IPH
Temreparype MuHyc 12 °C. 3aMOpOXeHHbIE CYOIPOTYKThI
ObUIV HaIpaB/IeHbI Ha IIPOBefeHNe SKCIePYMEHTaTbHbIX
uCCcefoBaHmit B aboparopuio Kagenps! «TexHomorus
MACHBIX ¥ KOHCEPBMPOBAaHHBIX NPOAYKTOB» BocTouHo-
CubupcKoro rocyfapCcTBEHHOTO YHUBEPCUTETa TeXHOJMO-
ruit u ynpasnenns (r. Ynau-Yua, PO).

Ins mocTbkeHMsA IIOCTaB/IEHHON LielM Ha IIEPBOM
aTame ObUIM IPOBEfIEHbl SKCIIEPYMEHTBI 110 IIPUTOTOBJIe-
HUMIO pacTBOpA IIeTCMHA (/M3aTa) U3 LeNbHOTO ChIYyTa.
3a 0CHOBY Obl/Ia IPUHATA TEXHOIOTYS BBIJIETIEHIIS TIeTICH -
Ha M3 C/IM3UCTOI OOOIOUKM, ITOJIYYEeHHOI IIyTeM TPYyHO-
€MKOTO TIpoliecca OTHe/IeHNA ee OT TKaHuU cbruyra [11].

B orimume OT HMPUHATON TEXHOMOTMY OBUI VICIOJb-
30BaH IIEeNbHBIN CBIYYL, CKOPPEKTMPOBAHBI JI03bI BOJBI
" consAHoM KucnoTsl. KommdyecTtBo go6aBisgeMort ConaHon
KICTIOTBI, HEOOXOM[MMOIT J/I1 aKTUBM3ALMY TIETICUHA, pe-
TyIMPOBA/IN C YIE€TOM BEeIMYVMHBI KICTOTHOCTU peaKL-
OHHOI1 CMeCH, KOTOpas LO/DKHA COCTABIIATD 2,0.

Takum 06pa3oM, TeXHOIOT WA MOTYYeHNs PacTBOpa IIell-
CMHA 3aK/II0Ya/Iach B CTIEAYIOLEM: OVH KMIOTPaMM YMCTO
M3MENbYEHHONM TKAaHM ChIYYTa BBIJEPKMBAIM B PEaKIMOH-
HOI CMeCH, COCTOsAIIEeN 13 2,5 11 BoppbL, 0,026 1 KOHLIEHTpUpPO-
BaHHOI1 KUC/IOTHI INIOTHOCTBIO 1,19 r/cM’ 1ipu Temmeparype
30°C. 3areM cMech (UIBTPOBAIN Yepe3 YeThIPeXCIONHBII
MapreBbit GuabTp. B momyyeHHoM pacTBOpe depMeHTa
HerncyHa (JIM3ar), ONpee/ s IPOTeOMUTIIECKYI0 U KOJI-
JIaTeHa3Hylo0 aKTUBHOCTD. B Xozie akcreprumeHTa 6bU1 yTOY-
HEHBI IPOJO/DKUTEIbBHOCTD HACTAaVBAHMA U Iy T TIOBBIIIIe-
H1s1 9 PEKTUBHOCTY BbIE/IEHNS ETICHHOTeHA.

ITporeonuTuyeckyo aKTMBHOCTb JIM3aTa U3ydaan
C JCIO/MB30BaHNEM B KadecTBe CyOcTpaTa reMornoom-

a [12]. KommareHasHy!o akTMBHOCTb pacTBOpa IEIICHHA
VICC/IeTIOBA/IU C VICTIONIb30BAaHMEM OMYPeTOBOTO peakTyBa
u KotareHa [13]. ONBITHYIO ¥ KOHTPOJIbHYIO IIPOOBI KO-
JIOPYIMETPUPOBA/IN C 3€/EHbIM CBETO(PUIBTPOM IIPOTUB
BTOpOIl KOHTponbHOM Ha KPK-3-01 («IlIBabe», Poccnus).
O Ko/rareHasHoJ aKTMBHOCTU JIM3aTa CyOVIN IO Belu-
unne skctuHKIMM (E). [l mepeBofa ee B MPOLIEHTHI pac-

64

TBOPEHHOTO 0e/IKa MCIIOIb30BaIN CTAaHJAPTHBIE [JAHHBIE,
npepcTaBaeHHble B Tao. 1.

Ta6m. 1. 3aBUCUMOCTD BETMYMHBI SIKCTMHKIMI
OT CTeNeHN pacien/IeHNs Ko/areHa

IMoxasaremn 3HaveHme
Bennumna sxcrunkumu, E 0,174 0,116 0,088 0,061 0,029
PactBopenHblii Kormares, % 54,5 36,0 27,8 23,7 11,6

Ha cnenyromem asrtame 6Obina MccrefoBaHa BO3MOX-
HOCTb TeHJIepM3aLMy KO/IareHCofepyKallero pyobia mm-
3atom. JIyst aTOro pyber; usMenbya yepes BOMIOK C [iV-
aMeTpOM peleTKu 3-5 MMU nofBepramu (pepmeHTALUN
myTeM BBefeHuA 20 % MOTy4eHHOr0 pacTBOpa IM3aTa.

B xozme Broporo srama skcrepuMeHTa ObUIM OIpefere-
HBI OPTAHOIENITIIECKIE TIOKa3aTeNN (B T.4. CTENIEHb PasyKe-
BBIBAEMOCTH) — IO IIATUOAIBHOI ILIKAJIEe, MACCOBBIE [OIU
6ennka MetogoM Kbenbmans, mumumos — MetomoM Cokcre-
Ta, B/IaTY — BBICYIIVBAHMEM, 30/Ibl — O30JIeHueM, (YHK-
L[MIOHA/IbHO-TEXHOJIOTMYECKIE CBOJICTBA BJIAroypep-
xuBatomasa (BYC) n xupoygepxmBaromas cCiocoOHOCTH
(OKYC) — no merony BHUVIMII [14]. Takxxe 6bU1 M3yueH
MIOKa3aTe/ib «MHIEKC hparMeHTaln», KOTOPbIil OIpeess-
ym 1y TeM puIbTpaLyy pepMeHTPOBaHHOTO 00paslia, c6o-
pa ¥ BBICYLIMBAHNS OCAajIKa U OIIpefeleHusi ero Maccel [15].

OKCIepMMEeHTBl TPOBEeHbl B TPEXKPaTHOI I0-
BTOPHOCTH.

Pesynprarsl u 06CyXeHne

[na M3y4eHMs BO3MOXKHOCTY IIONy4eHNSA (PepMeHT-
HOTO pacTBOpa U3 ILIE/IbHBIX CBIYYrOB ObUIM BBIpaboOTa-
HBI PAaCTBOPBI IENICYHA U3 CIM3UCTON OOOJIOUKM CBHIYYyTa
(KOHTpPOJIb) M TKaHM ChbIYyra (OINBIT) U MICCIEOBAHbBI X
MIPOTEONIUTUYECKAs U KOJIJIareHa3Hasd aKTUBHOCTH, IIpefi-
CTaBJ/IeHHbIe Ha Puc. 11 2.
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Puc. 1. Ilporeonutuyeckast akTMBHOCTb PACTBOPOB IEICKHA, LOTY-
YeHHBIX U3 CTU3UCTOI (KOHTPOIIB) U ChIYyTa (OIIBIT)
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Puc. 2. Ilokasarenb KO/NIareHasHoit akTMBHOCTI PACTBOPOB IIENICHHA,
IOTY4YeHHBIX U3 CIU3UCTOI (KOHTPOIIB) U ChIYyTa (OIIbIT)
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Kak mnoxassiBatoT fanusle Puc. 1 u 2, mporeonntude-
CKasi aKTMBHOCTb OIIBITHOTO 00paslia pacTBOpa IeICuHa
CTaTUCTUYECKU NOCTOBEPHO CHIDKanmach (Ha 18,5%) mo
CPaBHEHMIO C KOHTPOJIEM, TAaK>Ke CHIDKAlach KoJiare-
HasHasA aKTUBHOCTL (Ha 24,8%), 4TO CBUJIETENILCTBYET
O MeHbLIEN cTeleHM (epMEeHTATBHOTO BO3/IEVICTBUA
OIIBITHOTO PAacTBOPa, BEPOSITHO, B CBsI3M C H0Jiee HU3KOII
CTeTIeHbIO M3B/IeYeH s MIETICHHOTeHa U3 TKAaHM ChIYyTa.

C uenbo THOBBILEHNSA 9()QPEKTUBHOCTU BbIJETICHNA
HENICYHOTEeHA B KaueCTBe Pa3pBIX/INTENS CIM3UCTON U CTe-
HOK CBIYyTa PelIeHO ObIIO UCIIONb30BaTh Tpunonudocdar
HATpMsi, KOTOPBIN TPAAUIMOHHO MCIONb3YIOT B KONIUYe-
ctBe 0,5-1,5% K Macce OCHOBHOTO ChIpbs IIpY IIPOU3BOJ-
CTBe MSCHBIX U3JIe/TNIL.

B cBsA3U ¢ Tem, 4TO /MM3aT IUIAHMPYETCS MCIIONbB30-
BaTb [ 00pabOTKM pyOI[0BOI TKaHU, KOTOpas 3aTeM
OyIeT BKJIIOYATbCA B PELIENTYPY MACHBIX (aplIeBbIX 13-
menuit, fo3a Tpunonudocdara Harpus mis 06paboTKM
CBIYYIOB paccyMTaHa U Bb16paHa 1,0, 1,5, 2,0 %. Komro-
HEHT NpeIBapUTEIbHO CMELINBAJI C BOJOI ¥ BBOIVIN
B PacTBOp, IpejHa3HAYEHHBIN /11 00PabOTKYU CBIYyTOB.
B nonyyeHHoMm pacTBope depMeHTa ObIIa MCCIEfOBaHA
IPOTEOIUTUYECKas] aKTUBHOCTD TPV BBENEHNUM PasHBIX
no3 tpunomudocdara HaTpus. J[JaHHBIE MpeNCTaBIEeHBI

Ha Puc. 3.
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KOHTPOJIb
Puc. 3. IIporeonurideckas akKTMBHOCTb PacTBOPOB IENCKHA, MOMY-
YeHHBIX C MCIOIb30BaHIEeM PasHBIX 103 TpunomidpochaTa HaTpUA
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IlanHble Puc. 3 CBUZIETEIBCTBYIOT O TOM, 4TO HOOaB-
neHne mnomngocdara MOBBILIAET IPOTEOTUTUYECKYIO
aKTMBHOCTb IIOTy4eHHOTO pacTBopa. Tak, BBemeHue 1%
tpunonudocdara HaTpus CIOCOOCTBYET IOBBILIEHNIO
NIPOTEONIUTUYECKON AKTMBHOCTM Ha 18,6 %, opgHako ee
YPOBEHb OCTaeTCsl HIDKe KOHTpOJIbHOro sHadeHms. OT-
MeYeHo, 4To BBefeHue 1,5 1 2,0 % ¢pocdaTHOrO Npenapara
MOBBIIIAET IMPOTEOUTUIECKYIO aKTMBHOCTD, IPUMEPHO
[0 OfMHAKOBOro ypoBHA 18,4-18,9 MM, 4TO BbIllIe KOHTP-
OJIbHOTO 3Ha4€HNA B cpefHeM Ha 4-6 %.

Hanee wmccnenoBanM KO/IAT€HA3HYIO AKTMBHOCTD,
IpefcTaBleHHYI0 Ha Puc. 4.

ITony4eHHbIE [JaHHBIE PUCYHKa 4 CBMJETENbCTBYIOT
0 TOM, 4YTO BBefleHMe nomdocdara cioco6CTByeT MOBBI-
IIEHNIO ¥ KO/UIaTeHa3HOJ aKTMBHOCTY OIIBITHBIX 00pas-
1[0B nu3ata. BBemenue Tpunonudocdara HaTpus B Ko-
nmdectBe 1,5% IOBBIIIAaeT KO/NIareHasHyl0 aKTUBHOCTD
pacTBOpa MeINcuHa J0 YPoBHA 29,92 %, 94TO paBHO 3Hade-
HUIO VICCIIEYeMOro MOKa3aTe/lsi KOHTPOIbHOTO 06paslia,
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paBHOMY 30,20 %. [anbHelillee yBelu4YeHNe NO3bI TONK-
docdara 0 2,0% He MeHsieT 3HaUeHME KOJUIAre€HA3HOI
aKTMBHOCTM pacTBopa. BeposaTHo, nobasnenne nomigoc-
(daTa HaTpuA cOCOOCTBYET paspyLIEHNIO CBA3EN MEXIY
HOJIUIIENTUHBIMA 1eTI0YKaMM, Pa3BOTIOKHEHNIO CTPYK-
TYpbl TKaHM CBIYYTa, YTO OO/Ierdaer IMpolecc BbICBOOO-
XKJIEHUS MOJIEKY/I EeTICUHOTeHa.
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Puc. 4. Ilokasarenb KojtareHa3Hol aKTVBHOCTY PacTBOPOB IIEIICHHA,
TOMyYeHHBIX € VICTIO/Ib30BaHMEM PasHBIX 03 TpumnongocaTa HaTpUA

Vicxopa U3 TOTyYeHHDIX JaHHBIX IPUHATA 1032 BBO-
pumoro Tpunomdocdara Harpusa — 1,5%, obecrieunsa-
IOll[asi BBICOKYIO CTeIleHb M3BjIedeHUs IeNCHMHOTeHa U3
TKaHU LIe/IbHOTO ChIYyTa.

Jlanee ObUI NpOBefleH SKCIEPUMEHT IO YTOYHEHMUIO
IPOJO/DKUTENIPHOCTY IIpOLiecca BBIJEPXKKM CyOcTpara
B PEaKIVOHHOI cMecH. TWUIoBas TeXHONOIMYecKas MH-
CTPYKLMA II0 NIPOM3BOJCTBY pacTBopa IeNCHHA U3 CIN-
3MCTOI OOOJIOYKY CBIYyra PEeKOMEHAyeT TPeXKpaTHoe
HacTayBaHMe: CHayajla BbIJep>KKa B TeueHMe 4 4, 3aTeM
0CaJIOK 3aHOBO CMELIMBAETCSA C KMCIBIM PaCTBOPOM M BBI-
Iep>KMBAeTCA B TedeHNe 2 4, fajiee Ipoliecc MOBTOPAeTC A
U pacTBOp BbifiepKuBaeTcs ee 2 4. Ha Puc. 5 npepcras-
JIEHO 3HaueHMe IPOTEeOIUTINYECKON aKTUBHOCTY PacTBO-
pa IeNCHHA, IOMIYyYEeHHOTO U3 LIeIbHOTO ChIYyra IyTeM
TPeXKpaTHOTo HacTauBaHusA (4 4, 2 4, 2 4) U ITyTeM Hellpe-
PBIBHOTO HacTamBaHyA (8 9).

IIpencraBneHHble JaHHbIE BBIABUIN, YTO HEIIPEPBIB-
Has BBIIEPXKKa CyOCTpaTa He NPUBOAMUT K VM3MEHEHUIO
aKTMBHOCTM OOIEero KommyecTBa am3aTa (pasHuIla BXO-
IUT B CTaTUCTUYECKYIO OIIMOKY), 3aTO CHIDKAET TPYHO-
eMKOCTb M IJINTE/IbHOCTD Iponecca. B cBA3u ¢ aTum npu-
HATA NPOJO/DKUTEIbPHOCTD HACTaMBaHUA M3MeNb4eHHOI
TKaHU CBIYYTa B KMCIOM pacTBOpe — 8 4acoB.
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Pyc. 5. IIporeormTirdeckas akTMBHOCTb PaCTBOPOB NETICUHA, IOTY4€HHBIX
IPOOHOI ¥ HEeTIPePBIBHOI! BbIIEPYKKO CBIYYTa B PEAKLIIOHHON CMech
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Ha ocHOBe 3KCIIepMMEHTOB pa3paboTaHa TEXHOIOTU-
JyecKas CXeMa ITONTy4eHNsA JIN3aTa U3 LETbHBIX FOBKbUX
CBIYYTOB, NIpeficTaB/leHHasd Ha Puc. 6.

[MoxroroBka ChIpbst
(medpocTariist 3aMOPOKEHHBIX
CBIYYTOB IIPH TEMIEpaType
16-25 °C B Teuenue 12-15 u)

v

M3MmenbueHne CIIyroB
(auamerp pemerku 2-3 Mm)

v v

CMelnBaHue ¢ peaKIIMOHHBIM PacTBOPOM
(1 Xr U3MeNpYEeHHOTO ChIuyTa, 2,6 1 pacTBOpa)

v

’ HacrauBanue (temneparypa 30 °C, mpoIoDKUTENBHOCTD 8 9) ‘

¥

’ OuibTpanus pacTBOpa Yepes3 YeThIpe CI0sl Mapin ‘

v

OreHKa KayecTBa IOyYeHHOTO PacTBOpa METNCHHA (JIH3aTa)

[ToaroTOBKa peakMOHHOTO PacTBOpa
¢ pH 2,0 (Boma - 97,5 %,
cosstHas kuciora 1,19 r/em® - 1,0 %,
tpunoiudocdar Harpus - 1,5 %)

Puc. 6. TexHonmornyeckas cxema MONMy4Y€HNA pacTBOpa IIETICMHA U3
LENbHBIX T'OBSKbUX CBITYTOB

JInsart, Iomy4eHHbIN B COOTBETCTBUM C IIPEMIOKEHHOM
TEXHOJIOTMYECKON CXeMOIT ObI/I OL[€HEH I10 KaYeCTBEHHBIM
IIOKa3aTeJIAM, Pe3yIbTaThl MCCIEeNOBAHNA KOTOPDIX IIpef-
craBiieHbl B Tabr. 2.

Ta6n. 2. KauecTBeHHbBIe MOKa3aTeln pacTBOPA MeNCHHA,
IOTYY€HHOr0 I3 IETbHBIX T'OBAKbUX ChITYTOB

3HavyeHne
ITokasarenn
KOHTPO}II) OIIBIT
IIBet CBeT10-0eKeBhIit BbexxeBblit
Koncucrenumsa Cmmsucras Cmsucras
3amax Cnenuduyecknit  Crnenydirgeckuit
IIporeonurnueckas
P 17,8 18,4
AKTMBHOCTb, MM
Konnarenasuas
AKTMBHOCTH (KOMIYECTBO
( 30,2 29,8
PacTBOpeHHOTO

KOJ/lTareHa, %)

[lanHble, mpescTaBaeHHble B Tab. 2 mOKasamm, 4TO
pacTBOp IIENCMHA, BBIE/ICHHBIN U3 IIeIBHOTO CBhIYYTa,
MMeeT OPraHOJIENTHYEeCK/ e TIOKA3aTeMn CXOXIE C n3a-
TOM, IIOJTyYeHHBIM U3 C/IU3UCTON 000/I04KM M OobOmajaeT
BBICOKOIT (hepMEHTATUBHOI aKTUBHOCTBHIO.

Ha cnepyromem sTane ObUIM IPOBENEHbI MCCIEOBA-
HUS BO3MOXKHOCTY TeHJepPU3aLMM KOJUIareHCoeprKalile-
rO TOBSDKbEro pyOlja MONTydeHHBIM PacTBOPOM JIM3aTa.
Buauane ObuIM MccnenoBaHbl XMMUYECKUIT COCTAB U TeX-
HOJIOTMYEeCKIe CBOVICTBA TOBSKbETO PyO11a, IpefiCTaB/IeH-
Hble B Taor. 3.

JlanHble, npencraBneHHble B Tabn. 3 CBUAETeNbCTBY-
I0T O TOM, 4TO B COCTaB pyOIia BXOJAT BOAQ, OE/KI, KVUPbI
U MUHepasbHble BellecTBa. OTMEYeHO, YTO 110 KONMNYeCTBY
OenkoB pyber; 6/1M30K K MBIIIEYHON TKaHM, OHAKO MMeeT
OYEHb BBICOKOE COfiepKaHNMe KoJlareHa — o4ty 65 %, Ha-
IIpUMEP, B MsACE €TI0 COleP’KaHMe CoCTaBAeT b 15-20 %.
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Ta6m. 3. XuMuyecKuii cocTaB ¥ CBOICTBA TOBSDKbETo pydua

IToxasaremn Bparng 3HavyeHe
U3MepeHus

MaccoBas ons BIaru % 75,2+ 1,2
MaccoBas gons 6enka % 15,0+ 1,1
B T.4. — KOJ/UIareHa % 9,7 £0,6

— 3MTaCTUHA % 0,5+ 0,1
MaccoBas goms xxupa % 4,8 +0,6
MaccoBas Ko/ 307bI % 1,5+ 0,1
BrnarocBsAspiBaomasn % 55,6+ 1,1
CIOCOOHOCTD
Ycunme cpesa *10’IMa 6,7 £ 0,12
Boixoj % 2,91+0,2
Temmeparypa oC 66,0+ 2,1
CBapMBaHNA

Pesynbrathl nccefoBaHuA TEXHOMOTMYECKNX CBOJICTB
YKa3bIBalOT Ha HM3KYI0 BJIaTOCBA3BIBAIOIIYIO CIIOCO0-
HOCTb pyOua 55,6 % ¥ BBICOKOE 3Ha4YeHNe YCUIuA cpesa,
TaK KaK KOJ/UIaT€HOBble 1 3/1aCTVHOBbIE BOJIOKHA MMEIOT
BBICOKJI€ TPOYHOCTHbBIE XapaKTePUCTUKN, KOTOPbIe NIPU-
JIAIOT XKEeCTKOCTb PyOILI0BOI TKaHM.

TemnepaTypa cBapuBaHuA ABAETCA BaXHBIM II0Ka3a-
Te/leM KOJIIar€Ha, XapaKTepU3YIOLUM €ro CTPYKTypHBIe
U3MeHeHMs — B pyOlie OHa MMeeT BHICOKOe 3HaYeHMe OKO-
1o 66°C. VI3BecTHO, 4TO IpM ITON TeMIlepaType MydKU
BOJIOKOH KOJUIaT€Ha CUIBHO CBEXVBAIOTCS, U3INOAIOTCA
Yl CTAaHOBATCA 60JIee 37TACTUYHBIMIY, B CBA3Y C 9TUM ObUIO
pellleHo U3Y4nUTh Ipolecc Moaudukanuy TKaHu pybua
B CBIPOM BI/Ji€ 11 TTOC/IE TEPMOOOPAOOTKH.

[1a n3ydeHus npouecca Mogn@UKAIUM CBONCTB py6-
1a O6bIIO VICCTIEOBAHO BJIVSAHME IOTYYeHHOTO PacTBOpa
HeNCHA Ha IT0Ka3aTelb «MHeKC pparMeHTanum» pyora
CBIPOTO M TIOC/TIe OTBapMBaHMA (IIpM TeMIepaTrype 75-
80°C B Teuenue 15-20 Mun).

[ToproToBneHHBI pybel M3MeIbYaIy depe3 BOTIOK
C IMaMeTpOM pelieTky 3-5 MM 1 mopBepranu ¢pepMeH-
Tauuy npu temmneparype 35-37°C B TeueHMe 12 4gacos.
ITpono/KUTENPHOCTD BBIAEPKKM B (PEPMEHTHOM pac-
TBOpe Oblyla BbIOpaHa /I CPAaBHMUTETBHOTO aHaIM3a —
12 yacoB, ucxopa M3 TOrO, YTO NENCUH TUAPONUIYET
Oe/IKM VI IeTITU/IbI TOPa3io MeJJIeHHee, YeM Apyrue Ipo-
TenHassl [13], B McCIemoBaHUAX, IPEACTAaBIeHHBIX HIDKE,
IpOBeJIeH 9KCIIEPUMEHT 110 000CHOBAHUIO 9TOII IIPOJOII-
SKUTETbHOCTI.

Pesynbrathl nccnefosanuA BIUAHNA PacTBOpa IENCU-
Ha Ha MHJIEKC parMeHTaluy ChIPOJ U BapeHOll pyoIo-
BOJI TKaHU NIpefcTaBIensl Ha Puc. 7.

AHanus gaHHBIX Pric. 7 mokaspIBaeT, 4TO TKaHb pyOIia
MOCTIe TETIOBOM 00paboTKM HObIle TIOIBEPraeTcs meil-
CTBMIO (PEPMEHTOB II0 CPABHEHMIO C CBIPBIM PYOI[OM, TaK
KaK 3Ha4yeHNe MHJeKca pparMeHTannm Ha BCeM IPOTH-
JKeHIM SKCIEPUMEHTA OCTAETCsA HIDKE, YTO CBUJIETENIbCT-
ByeT 0 0OJIbllIeli CTeIIeH) pa3pylieHNs TKaHu cybcTpara.
Tak, npu mob6aBnenun 10 % nusara nHAEKC pparmeHTta-
LU B OIBITE 2 HIDKE YK€ Ha 12 % 110 CpaBHEHMIO C OIIbI-
TOM 1, IpU yBe/IM4eHNM J03bI pepMEHTHOTO pacTBOPa JI0
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20-40 % 3HavyeHMe UCCIENYyEMOro I0KasaTensa IMOHMXKa-
ercsa Ha 21-23 %. Bupmumo, npepBapuTenbHasg TeNIOBas
o6paboTka pyb1ia Cltoco6CTByeT CBapMBaHMIO KOJIIareHa
U [eHaTypaluy COeNVHUTEIbHOTKAHHBIX M MbIIIEYHBIX
6enkoB. MexaHM3M TepMOMOAUPVKALVN 3aKT0YaeTCA
B TOM, YTO IIPY TEIUIOBOM IBVDKEHNY HAPYLIAeTCSA TPOIl-
Has CIMPaJb OCHOBHONM CTPYKTYPHOI €JVUHMIBI KOJIa-
reHa — TPOIOKOJ/UIareHa U o0pasyeTcsa pasopBaHHasA
CTPYKTypa, HuMelolasg KOH(UIypalMio CTAaTUIeCKOTo
kiay6xa [13]. To ecTb nocrte TenoBoit 06paboTKy TPoOIIO-
KOJIZIaTeH yTPauMBaeT CHUPaNM30BAHHOCTb CTPYKTYpPHI
U HeNTHUJHbIE CBA3Y CTAHOBATCA NOCTYIHBIMU MOJIEKY-
TaM TIeNICHHA.

~ 20

£ 13

§16 \

=]

g 14 \\\

§12 \u\ \
=) \

£ 10 —
=}

<

S N B O

20 30 40

KonmuectBo pactBopa nercuna, %
—=—0mBIT | —o—OmBbIT 2

Puc. 7. VIameHeHMe nHpekca GpparMeHTaIuu coipoit (ombIT 1) u Bape-
HOit (OTIBIT 2) PyOI1IOBOIT TKAHU

Ecmu paccMarpuBaTh AMHAMMKY MHAEKca ¢parMeH-
Tl B OIIBITE 2 B 3aBUCUMOCTU OT KOJMMYECTBA BBOMIM-
MOTO JIN3aTa, TO MO>KHO OTMETUTD, YTO yBeIMYeHIE [JO3bI
BBOJMMOrO ym3aTa cBbie 30 % He NMPUBOJUT K CYIIECT-
BEHHOMY MI3MEHEHMIO UCCTIefyeMOro ToKasaTend. B cA3n
C 9TVIM ONTMMAJIBHON IPUHATA 032 PacTBOpa IEICHHA
1 06paboTKu BapeHoro py6ua — 30 %.

[lanee mpoBenn ncciegoBane N0 060CHOBAHUIO MIPO-
IO/DKUTENIBHOCTH BBIJIEP>KKI BapeHOro pyob1ia B pacTBOpe
HEeNICHHA, OBIIO U3Y4YeHO M3MeHeHNe MHeKCa pparMeHTa-
LIVIJ BApeHOTo pyOlia Ipy BbIEpXKKe B pepMeHTHOM pac-
TBOpe B TeueHue 6, 8, 10, 12, 14, 16 yacos. [JaHHbIe IIpen-
craBJieHbl Ha Puc. 8.
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Puc. 8. BimstHue IIpopo/DKUTeNBHOCTI BBIIEPKKI BapeHOl pyOLIoBoi
TKaHJ B (ePMEHTHOM PacTBOpe Ha M3MeHeHIe MHMeKca GpparMeHTaIm

Kak cBupieTeNbCTBYIOT [laHHBIE, IIpe[CTABIEHHbIE
Ha Puc. 8, Tonbko depe3 10 yacoB BBIIEPXKKM CyOcTpaTa
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B (bepMEHTHOM pacTBOpe HaOMIOAeTCsl 3HAYUTENbHOE
CHIDKeHMe MHjeKca ¢pepMeHTanyu Ha 25 %, dyepes 12 va-
COB — y>Xe Ha 46,3% pmanee 3HAYMTEIbHOTO M3MEHEHUA
3HA4YeHMsI MCCIeAyeMOro IIOKasaTels He HaOIIofjaeTcs.
Taxum 06paszom, BeIOpaHa ONTHMA/IbHAS IPOLO/DKIUTE/Ib-
HOCTb mpomecca depmentanuyu — 12 gacoB. X0oTenoch
ObI OTMETUTD, YTO AEIICTBME IIEIICHHA 3aK/II0YAeTCs B €r0
CIIOCOOHOCTY Pa3pyLIaTh BOZOPOAHBIE U AUCYIbGUIHbIE
CBS3Y MEXAY NMOMUIENTUAHBIMY LIEISIMM, YTO IPUBORUT
K 00pa3soBaHMIO «OTKPBHITBIX» (GOPM OETKOBBIX MOMEKYII
MSACHOTO ChIpbA. B pesynbrate Habmomatorcss Mopdoro-
TMYeCKye I3MEHEH)s MbIIIeYHBIX, KO/UTATEHOBBIX Y 37Ia-
CTUMHOBBIX BOJIOKOH I, KaK C/IE[CTBIE, CIIOCOOCTBYIOLIE
YIy4lIeHNIO (PyHKIVIOHATbHO-TeXHOJIOTMYECKIX CBOJICTB
tkauu (Puc. 9).

Ha Puc. 9 npencraBieHbl pe3yabTaThl MCCIENOBAHNA
TaKMX (PyHKIVIOHATbHO-TEXHOJIOTMYECKVX ITOKa3aTeselt,
KaK BOJOYAEPXKMBAOLIAs ¥ SKUPOYAEP)KUBAOLIAsl CIIO-
cobHOCTM pybua mocie (epMeHTUpOBaHMA (OIBIT) IIO
CPaBHEHMIO C VCXOIHBIM N3MeIbYeHHBIM pyOIoM 6e3
¢depmeHTaIVIN (KOHTPOJID).
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BYC - BonoyaepxuBatomas cnocoOHocTh, %
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Puc. 9. OyHKUMOHATBHO-TEXHOMOTMYECKUE TTOKA3aTeM (pepMeHTH-
pOBaHHOrO pybia

IlanHble Puc. 9 nmokasany, 4To IOC/Ie BBIIEP>KKM pyOIia
B (pepMeHTHOM pacTBOpe HAOTIOAETCS CTATUCTUYECKU
JI0OCTOBEpHOE yydllleHle QYHKIMOHATbHO-TeXHOIOTYe-
CKMX XapaKTepUCTUK. DTO MOATBEPXK/AeT BO3ZMOXXHOCTD
MopudUKaIMM CBOMCTB TKaHM KOJIAT€HCOfIePrKaIero
pyb1ia myreM ee 0OpabOTKM JIM3aTOM U3 L|eJIbHOTO TOBS-
JKbero celayra. HecoMHeHHO, 4TO MHUIIMATOPOM IIOBBI-
meHnsA QYHKIVMOHAIbHO-TEXHOTOIMYECKIX CBOJICTB Pyo-
I1a BBICTYIAeT 3MEHEeHMe CTPYKTYPBI KOJI/TAT€Ha, a TaKoKe
IJIQJIKUX U TIONePeYHOIIONIOCAThIX MBIIIEYHBIX BOTOKOH,
KOTOpO€ CIIOCOOCTBYET IOSBIEHNIO0 AKTUBHBIX PyHKIINO-
HaJIBHBIX TMAPO- U TUITO(UIBHBIX TPYIIIL.

Ha ocHOBaHUM NOJNY4eHHBIX Pe3y/IbTAaTOB SKCIIEpPU-
MEHTAa/IbHBIX UCCIIEOBAHNI pa3paboTaHa TeXHOJIOTMYe-
cKas cxeMa (pepMeHTAIUM TOBXKbEro pyblia pacTBOPOM
HeTICYHA, TIOJTy9eHHBIM U3 LIeTIbHBIX chrayroB (Puc. 10).

B cooTBeTCTBMM C TNpeACTaBIEHHON TEXHOJIOTMYe-
CKOJl cxeMoli mocyme oT6bopa pyOIbl IOATOTABIMBAIOT
(06e3XKMpUBAIOT, Pa3pe3alT, TPOMBIBAT, MIIAPAT
Y OYMIAIOT OT CIM3UCTON 0OOIOUKM), 3aTeM BapsT, U3-
Me/IbYaloT U MOABEPralT epMEeHTAIVM TP BbIZEPXKKe



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

cybcTpata: (pepMeHTHBIT pacTBOp B cooTHoueHun 10:3
B TeueHue 12 yacoB). Jlajee 0X/IaXkIaioT, TOHKO M3M€b-
YaloT U JUCHEPTUPYIOT O MONY4YeHMA MACThl, KOTOPYIO
MOXXHO MUCIIONb30BaTh B IMPOU3BOJCTBE U3METbYEHHBIX
MACHBIX IIPOJYKTOB.

OT16op rosaxbero pybua
v
O0e3xuprBaHue
v

Paspezanne (pacnapeiBanme)

v
OcB0OOXICHHE OT COACPKIMOTO
v
IIpomeiBKa

v

Mnapka mpu t=65-68 °C B TeueHue 2-3 MUH.
Y

OuuncTKa OT CIM3UCTON 000JIOUKH B LIeHTpHUDYyTe
pu t=62-68 °C B Teuenue 6-10 mua

v
Bapxka B Teuenue 15-20 mun npu t=70-80 °C

v

W3menpaenue (qraMeTp pemeTK 3-5 Mm)

v

Oxnaxnenne not 35 °C

v

depmeHTaLUA
Brinepxka B pepmentHOM pactBope (30 %)
B Teuenue 12 4 mpu t=30-35 °C

v

ToHkoe n3MenpueHue ¢ IMOJIYUYCHHUEM
MacToo0pa3HON KOHCUCTCHIIUU

v

OrneHka KayecTBa OEJIKOBOM IACTEI

v

Hcnonp3oBaHue B cOCTaBe py6JI€HI>IX MACHBIX
I/I3I[6HPIﬁ 9KOHOM-KJacca

Puc. 10. TexHomornyeckas cxema pepMeHTAL[UN TOBSKbET0 pyolia

BuorexHomornyecknit cnoco6 TeHmepusauuyu Koi-
JIaT€HCOfIePXKAINX [POAYKTOB MIPAET 3aMETHYIO POJIb
Cpefy IpefjlaraeMbIX CIIOCOOOB Pa3MATYEeHNsI KEeCTKOTO
chIpbA. VIccnmemoBaTeny MpeIaraioT MCIOIb30BaTh MPO-
TeOMUTNYeCKIe PePMEHTBI PA3HOTO IIPOVICXOKAEHNS OT-
JIeTIbHO WM B COYETaHWI.

B pabore [16] obocHOBaHa ILienecoO0OpPasHOCTD TPU-
MEHEHVsI ITPOTEOIUTUYECKNX (EPMEHTOB >KMBOTHOTO
(konTareHasa 13 remaTolaHKpeaca KaMYaTCKOro Kpaba)
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u MuKkpo6Horo (meratepus '10X n mporocy6Tunna I'10X)
HIPOVCXOXKAEHM i1 00pabOTKM HU3KOCOPTHOTO MSCHO-
IO CBIPbsI C BBICOKIM COfiep>KaHVeM COeHNTETbHOTKAH-
HBIX O€/IKOB.

Aropowm [17] mokasaHo, 4To npu 06paboTKe roBsAU-
HBl (DEPMEHTHBIM IIPENapaToM >XMBOTHOTO IIPOMCXOXK-
JieHUs HPOTEICHH IPOMCXOAUT HabyXaHMe MBIIICYHBIX
BOJIOKOH ¥ COeIVMHUTEIbHOI TKAHMU, YTO MPUBOAUT K IO-
BBIIICHUIO TUAPOQPUILHOCTH.

YcTaHOBIEHO MOBBIIIEHNE TUAPOGIILHOCTU U YIyd-
LIeHMe IPOYHOCTHBIX CBOJMCTB MsfACa Kyp AMIEHOCKO
HOPOAbI TOCTe QepMeHTHOI 006paboTKM KojjIareHasoit
u TpuncuHoMm [18].

BbIsAB/IEHO, 4TO NpUMEHeHMe TPAHCITIOTAMIHASBI IIPK
HPOM3BOJCTBE MACHBIX ITPOAYKTOB IIOBBIIIAET I'MAPOGUID-
HOCTb MBIIICYHBIX O€/IKOB ¥3-3a CIIOCOOHOCTY IIEPEHOCHUTD
aKTUBHBIE IPYIIIbI OT OJHOTO COEAVHEHNA K ipyromy [19].

/3y4eHo BiMsHME IPONMOHOBOKMC/IBIX 6akTepuii [20]
UM COBMeCTHO OudumobdakTepnit, MTPONMOHOBOKICIBIX
6akTepuii, a TaKXKe IeTICHHA 1 TPUIICKHA [21] Ha cBOICTBa
MSICHOTO CBIPbsI, yCTAHOBJIEHO YITy4IlIeH)e CTPYKTYPHI U3-
y4aeMBbIX TKaHelL.

HepocratkamMy 610TeXHONOTMYECKOro Criocoba obpa-
6OTKM MBIIIEYHO M COENMHUTEIbHOM TKAHEN ABJIAETCS
JIOPOTOBM3HA IIPENIapaToB, a TAKXKe N306MpaTeIbHOCTD fIeil-
ctBust pepmentoB. [Ipenyraraemslit HaMu CIIOCOO TeHAEPU-
3aIMV KOJUIAT€HCOEPYKAILETO ChIPbs TO3BOJIAET BBIIENTD
(dbepMeHTHBIIT pacTBOpP, MMEIOLINIT BBICOKUE IIPOTEONN-
TUYECKYI0 U KO/UIar€Ha3HYI0 aKTMBHOCTH, 3 MOOOYHOTO
JKMBOTHOTO CBIPbS, KOTOPBIII MOXKHO JCIIONB30BaTh /IS
pasMATYeHUs MaJIOLEHHOTO Oe/IOKCOfIepKAIero ChIPbs
C IIeJIbI0 PALMIOHAJIBHOTO €r0 MCIIO/Ib30BAHY.

BriBojabI

Ha ocHOBaHUM NPOBEIEHHBIX UCCIETOBAHNUI TIPEITIO-
XKeH CIIoco6 IOMyYeHNsA pacTBOpa MeNCUHA 13 IIe/TbHOTO
TOBSDKBETO ChIYYTa IyTeM HACTaMBAHVS M3MEIbYCHHOTO
CbIYyTra B PEAKLVOHHON CMECH, COEp Kallell CONAHYIO
KICTIOTY, Tpunomudocdar HaTpusA U BOAY C IOCTIERYIO-
wuM GuabTpoBaHueM. BospeiicTBys momy4eHHBIM ¢ep-
MEHTHBIM PacTBOPOM Ha TepMMYecKu oOpabOTaHHYIO
TKaHb KOJUIAT€HCOJepyKalllero py6ola, BbLIB/ICHA BO3MOX-
HOCTD YIy4IIeHNUA ee PyHKI[MOHATbHO-TeXHOIOTMYEeCKIX
xapaktepucTuK. ITacTa Ha ocHOBe MOAM(UIIMPOBAHHOTO
pyOiia MO>KeT OBITh MCIIONIB30BaHA B pelienType pyodite-
HBIX 1 SMY/IBIMPOBAHHBIX MSCHBIX IIPOAYKTOB, Cy6Ipo-
JYKTOBBIX M3Jenuil (IIaIITeTOB, TMBEPHBIX KOMOAcC) Kak
VICTOYHUK IIMIIEBBIX BOJIOKOH, a TAaK)Xe NepCIeKTUBHBIM
HaIpaB/IeH)eM Ja/JbHEeNIINX UCCIeTOBAHUIT MOXET CIIy-
KUTDb M3y4eHMe CIIOCOO0B peryIMpoBaHus ITyOMHBI IIPO-
Teo/NM3a U KO/IIATeHO/MN3a C LeJIbo TIOJIy4eHus OMomorn-
YeCKM aKTUBHBIX eI TUIOB.
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Introduction

One of the most intensively developing and promising
directions of the meat processing branch of the industry
is the development of new formulations and technologies
using secondary meat raw materials, which contain suf-
ficient amounts of proteins, fats, vitamins and microele-
ments. Inclusion of the secondary raw materials of the
meat industry in production facilitates an increase in the
effectiveness of the use of protein containing raw materi-
als, extension of a food assortment and achievement of
ecological goals.

Recently, a special attention has been paid to the use
of by-products for food purposes. It is necessary to note
the high rumen yield (1.7-2.5 %), which is indicative of its
possible weight of 6-8 kg per animal. Secondly, it is neces-
sary to note, that, previously, slaughter floors stably oper-
ated in meat processing enterprises, and by-products were
sent for production of food and technical products, feeds
and also used as endocrine-enzyme raw materials. Today,
these productions are practically absent in meat processing
enterprises. Moreover, processing of by-products is a labor
consuming process, which requires significant resource
expenditure. These questions cannot be solved in small en-
terprises and slaughter stations.

Scientific investigations in this field are devoted to the
maximum use both of the food and biotechnological poten-
tial of by-products. Researchers propose several directions
for the use of the collagen containing raw materials such
as production of protein-fat emulsions [1, 2, 3], gelatin [4],
preparations for zootechnics [5], incorporation of modified
by-products into meat product formulations [6, 7, 8].

By-products such as the stomach of farm animals,
endocrine organs and others have the biotechnological
potential. The stomach of ruminants has two digesting
cavities (fundal and pyloric), which are significantly dif-
ferent from each other by the structure and function. It is
remarkable that pepsin of the pyloric juice digests connec-
tive tissue proteins [9].

Anindividual chamber of the bovine stomach is aboma-
sum, which mucosa is a valuable endocrine-enzyme raw
material for production of the enzyme pepsin and is widely
used in cheese production and practical medicine to create
preparations stabilizing digestive processes. Analysis of the
available in the literature studies in this field shows a pos-
sibility to use the well-known tenderizing effect of the pro-
teolytic enzymes existing in the bovine abomasal mucosa.

However, separation of the mucosa from the aboma-
sum tissue per se is a difficult technological process. There-
fore, this work examines the possibility to extract and
activate pepsinogen from the whole abomasa and inves-
tigate their tenderizing action on the collagen containing
rumen, which has the highest yield (for example, 1.7-2.5%
for cattle). The prevalent rumen functional component is
the connective tissue, which consists of collagen and elas-
tin with inclusion of the adipose and muscular tissues. The
smooth-muscle tissue consists of the internal and external
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layers. In addition to the smooth-muscle tissue, there are
also the striated muscle fibers in the rumen [1].

The collagen and elastin fibers of the rumen give it high
strength, which requires the application of methods for
its tenderization for the further use in meat product for-
mulations. There are mechanical, physical, chemical and
biotechnological methods for tenderization of collagen
containing raw materials. The most effective among the
abovementioned methods are biotechnological; however,
the use of the ready enzyme preparations in the meat in-
dustry is limited, which can be explained by expensiveness
of the preparations, difficulties in selection of enzymes that
affect proteins and structural elements of the meat muscu-
lar and connective tissues in a desired direction.

Proteins of the collagen containing raw materials can
be affected by proteases and collagenases. It is known that
collagenases do not have strong substrate specificity. For
example, microbial collagenase synthesized by Clostridium
histolyticum has broad specificity and can cleave the poly-
peptide chain at more than 200 sites [10].

Tissue collagenases have narrower specificity. For exam-
ple, tadpole collagenase cleaves tropocollagen at a unique
site across all three chains. As a result, two fragments spon-
taneously unfold at a temperature of 37°C and become avail-
able to the action of other proteolytic enzymes [10].

After activation, pepsinogen of the pyloric juice of the
abomasum can have both the proteolytic and collagenase
activity digesting connective tissue proteins [9].

In this connection, to solve the task of effective process-
ing of by-products for food purposes, the investigations
were carried out regarding an improvement in the tech-
nological properties of the bovine rumen, which mainly
consists of the connective tissue and acquires the tough
structure after thermal treatment.

With regard to the above, the aim of this work was in-
vestigation of a possibility to produce an enzyme solution
from the whole bovine abomasum for modification of the
functional and technological properties of the collagen
containing rumen.

Materials and methods

To carry out the experiment, the raw materials were ob-
tained in the Petropavlovsk meat processing plant (Dzhi-
dinsky district, The Republic of Buryatia).

According to the conventional technology, the internal
organs (including the gastrointestinal tract) were removed
in the process of animal slaughter and directed to the
special table. On the table, the gut was separated and the
multi-chambered stomach was divided into the individual
parts: omasum, reticulum, rumen and abomasum. It is
necessary to note, that the abomasum was separated with
the first part of the gut, which similar to the abomasum,
in the acidic environment, secretes pepsin, which hydroly-
ses muscular and connective tissue proteins. The separated
stomach chambers were cleaned from their contents and
adipose tissue, washed using water with a temperature of
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not more than 25°C, frozen in special containers at a tem-
perature of -18°C, and stored at a temperature of -12°C for
not more than six months. Frozen by-products were sent
for experimental analysis to the laboratory of the Depart-
ment of Meat and Canned Food Technology of the East-
Siberian State University of Technology and Management,
Ulan-Ude, Russia.

To achieve the set goal, at the first stage, the experi-
ments on preparation of the pepsin solution (lysate) from
the whole abomasum were carried out. The technology of
extraction of pepsin from mucosa obtained by the labor
consuming process of its separation from the abomasum
per se [11] was taken as a basis.

In contrast to the conventional technology, the whole
abomasum was used; the doses of water and hydrochloric
20
18
16
14
12

10
8

Proteolytic activity, mm

SN A~

control experiment

Fig. 1. The proteolytic activity of the pepsin solutions, obtained from
the mucosa (control) and abomasum per se (experiment)

35
30
25
20
15
10

5,

0,

amount of dissolved
collagen, %

control experiment
Fig. 2. The indicator of the collagenase activity of the pepsin solution

obtained from mucosa (control) and abomasum per se (experiment)

acid were adjusted. An amount of added hydrochloric acid
necessary for pepsin activation was regulated according to
the acid value of the reaction mixture, which is to be 2.0.

Therefore, the technology of production of the pepsin
solution was as follows. One kilogram of the pure aboma-
sum was incubated in the reaction mixture, which consisted
of 2.51 of water, 0.026 1 of concentrated acid with a density of
1.19 g/cm’ at a temperature of 30°C. Then, the mixture was
filtered through the four-layer gauze filter. The proteolytic
and collagenase activity was determined in the obtained so-
lution of pepsine (lysate). In the course of the experiment,
duration of infusion and the ways of increasing the effective-
ness of pepsinogen secretion were specified.

The proteolytic activity of the lysate was studied using
hemoglobin as a substrate [12]. The collagenase activity of
the pepsin solution was determined by the biuret reagent
and collagen [13]. The colors of experimental and control
samples were measured using the green light filter against
the second control sample on KFK-3-01 (Shvabe, Russia).
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The collagenase activity of lysate was judged by the ex-
tinction value (E). To transform it into the percentages of
solubilized protein, the standard data presented in Table
1 were used.

Table 1. Dependence of the extinction value on the collagen
cleavage degree

Indicators Value
Extinction value, E 0.174 0.116 0.088 0.061 0.029
Solubilized collagen,% 545 36.0 278 23.7 11.6

At the following stage, the possibility to use tenderiza-
tion of the collagen containing rumen with the lysate was
studied. To this end, the rumen was preliminarily minced
through a grinder with a plate hole diameter of 3-5 mm
and subjected to fermentation by introduction of 20 % of
the obtained lysate solution.

During the second stage of the experiment, the or-
ganoleptic indicators were determined, including the
degree of chewiness using the five-point scale, pro-
tein mass fraction by the Kjeldahl method, lipids by the
Soxhlet method, moisture by drying, ash by combustion,
functional and technological properties (moisture hold-
ing capacity (MHC) and fat holding capacity (FHC)) by
the method of VNIIMP [14]. The fragmentation index was
also studied, which was determined by filtration of the fer-
mented sample, collection and drying of the sediment and
measurement of its mass [15].

The experiments were carried out with three replica-
tions.

Results and discussion

To study the possibility of obtaining the enzyme solu-
tion from the whole abomasa, the pepsin solutions were
made from the abomasal mucosa (control) and the aboma-
sum per se (experiment); their proteolytic and collagenase
activities were investigated (Fig. 1and 2).

As the data in Fig1and 2 show, the proteolytic activity of
the experimental sample of the pepsin solution statistically
significantly decreased (by 18.5%) compared to the con-
trol; the collagenase activity was also reduced (by 24.8 %),
which points to the less degree of the enzymatic activity of
the experimental sample, possibly, due to the lower degree
of pepsinogen extraction from the abomasum tissue.

In order to increase the effectiveness of pepsinogen ex-
traction, it was decided to use sodium tripolyphosphate,
which is conventionally used in an amount of 0.5-1.5% to
the main raw material weight in meat product manufacture,
as an agent for loosening of the abomasal mucosa and wells.

In connection with the fact that the lysate is planned to
be used for treatment of the rumen tissue, which will be then
included into formulations of minced meat products, the
dose of sodium tripolyphosphate for abomasum process-
ing was calculated and chosen at levels of 1.0, 1.5, 2.0 %. The
component was preliminary mixed with water and added to
the solution intended for abomasum processing. In the ob-
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tained enzyme solution, the proteolytic activity upon intro-
duction of different doses of sodium tripolyphosphate was
investigated. The data are presented in Fig. 3.
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Fig. 3. The proteolytic activity of the pepsin solutions obtained with
the use of different doses of sodium tripolyphosphate

The data in Fig.3 are indicative of the fact that an addi-
tion of tripolyphosphate increases the proteolytic activity
of the obtained solution. For example, an addition of 1%
of sodium tripolyphosphate facilitates an increase in the
proteolytic activity by 18.6 %; however, its level remains to
be lower than the control value. It was observed that an ad-
dition of 1.5 and 2.0 % of phosphate preparation increases
the proteolytic activity approximately to the same level of
18.4-18.9 mm, which is higher than the control value by
4-6 % on average. Then, the collagenase activity was stud-
ied, which is presented in Fig. 4.
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Fig. 4. The indicator of the collagenase activity of pepsin solutions
obtained with the use of different doses of sodium tripolyphosphate

The obtained data in Fig. 4 show that an addition of
polyphosphate also facilitates an increase in the collage-
nase activity of the experimental lysate samples. An addi-
tion of sodium tripolyphosphate in an amount of 1.5% in-
creases the collagenase activity of the pepsin solution up to
the level of 29.92 %, which is equivalent to the value of the
analyzed indicator in the control sample equal to 30.20 %.
The following increase in the dose of sodium tripolyphos-
phate up to 2.0 % does not change the value of the collagen
activity of the solution. It appears that an addition of so-
dium tripolyphosphate facilitates a breakage of the bonds
between the polypeptide chains, separation of fibers in the
structure of the abomasum, which assist the process of
pepsinogen molecule release.
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Based on the obtained data, the accepted dose of added
sodium tripolyphosphate was 1.5 %, which ensured a high
degree of pepsinogen extraction from the whole aboma-
sum tissue.

After that, the experiment on specification of the pro-
cess duration for the substrate incubation in the reaction
mixture was carried out. The typical technological instruc-
tion on production of the pepsin solution from the aboma-
sal mucosa recommends triple infusion: first, incubation
for 4 hours; then, the sediment is mixed again with the
acidic solution and incubated for 2 hours; after that, the
process is repeated and the solution is incubated for ad-
ditional 2 hours. Fig 5 presents the value of the proteolytic
activity of the pepsin solution obtained from the whole ab-
omasum by triple infusion (4 h, 2 h, 2 h) and by continuous
infusion (8 h).
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Fig. 5. The proteolytic activity of the pepsin solutions obtained by
fractionated incubation and continuous incubation of the abomasum
in the reaction mixture

The presented data revealed that continuous incubation
of a substrate did not lead to changes in the activity of the to-
tal lysate quality (the difference was within the statistical er-
ror), but it decreased the labor intensity and duration of the
process. In this connection, the duration of infusion of the
mixed abomasum tissue in the acidic solution was 8 hours.

Based on the experiments, the technological scheme of
lysate production from the whole bovine abomasa was de-
veloped (Fig. 6).

Raw material preparation
(thawing of frozen abomasa
at a temperature of 16-25 °C
for 12-15 hours)

!

Abomasum mincing
(plate hole diameter 2-3 mm)

| !

Mixing with the reaction solution
(1 ke of mixed abomasa. 2.6 1 of solution)

l

’ Infusion (temperature 30 °C, duration 8 h) ‘

.

’ Solution filtration through four gauze layers ‘

|

’ Quality assessment of the obtained pepsin solution (lysate) ‘

Preparation of the reaction solution
with pH 2.0 (water — 97.5 %,
hydrochloric acid 1.19 g/cm?® - 1.0 %,
sodium tripolyphosphate - 1.5 %)

Fig. 6. Technological scheme of pepsin solution preparation from the
whole bovine abomasa
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Lysate prepared according to the proposed technologi-
cal scheme was assessed by quality indicators; the results of
their analysis are presented in Table 2.

Table 2. Quality indicators of the pepsin solution obtained from
the whole abomasa

. Value
Indicators .
control experiment
Color light-beige beige
Consistency slimy slimy
Odor specific specific
Proteolytic activity, mm 17.8 18.4
Collagenase activity
(amount of dissolved 30.2 29.8
collagen,%)

The data presented in Table 2 showed that the pep-
sin solution obtained from the whole abomasum had the
organoleptic indicators similar to those of the lysate ob-
tained from the mucosa and also had the high enzymatic
activity.

At the next stage, a study on the possibility to tenderize
the collagen containing bovine rumen with the obtained
lysate solution was carried out. At first, the chemical com-
position and technological properties of the bovine rumen
were investigated. The results are presented in Table 3.

Table 3. Chemical composition and properties of the bovine
rumen

Indicators it s Value
measurement
Moisture mass fraction % 752+1.2
Protein mass fraction % 15.0+ 1.1
including — collagen % 9.7+0.6
— elastin % 0.5+ 0.1

Fat mass fraction % 4.8+0.6
Ash mass fraction % 1.5+0.1
Moist}lre binding % 55.6+ 1.1
capacity

Shear force *10°Pa 6.7 £0.12
Yield % 29+0.2
Cooking temperature °C 66.0 + 2.1

The data presented in Table 3 demonstrate that the ru-
men contains water, proteins, fats and minerals. It was no-
ticed that by the protein amount, the rumen is closed to the
muscle tissue; however, it has very high collagen content
(almost 65 %), while in meat its content is only 15-20 %.

The results of the investigation of the technological
properties point to the low moisture binding capacity of
the rumen (55.6 %) and the high value of shear force as the
collagen and elastin fibers have high strength characteris-
tics, which impart toughness to the rumen tissue.

The cooking temperature is an important indicator of
collagen, which characterizes its structural changes — in
the rumen it has a value of about 66°C. It is known that
at that temperature the collagen fiber bundles are highly
shrank, bent and become more elastic. In this connection
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it was decided to study the process of rumen tissue modifi-
cation in the raw form and after thermal treatment.

To study the process of rumen properties modification,
an effect of the obtained pepsin solution on the indica-
tor «fragmentation index» of the raw rumen and after its
cooking (at a temperature of 75-80°C for 15-20 min) was
investigated.

The pre-prepared rumen was minced through a grinder
with a plate hole diameter of 3-5 mm and subjected to fer-
mentation at a temperature of 35-37°C for 12 hours. The
duration of incubation in the enzyme solution was chosen
for the comparative analysis at a level of 12 hours based on
the consideration that pepsin hydrolyses proteins and pep-
tides significantly slower than other proteinases [13]; in the
study presented below, the experiment on substantiation of
this duration was carried out.

The results of the investigation of a protein solution ef-
fect on the fragmentation index of the raw and cooked ru-
men tissue are presented in Fig. 7.
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Fig. 7. Changes in the fragmentation index of the raw (experiment 1)
and cooked (experiment 2) rumen tissue

Analysis of the data in Fig. 7 shows that the rumen tis-
sue after thermal treatment is more subjected to the en-
zyme impact compared to the raw rumen as the value of
the fragmentation index throughout the experiment re-
mained to be lower, which is indicative of the higher de-
gree of the substrate tissue destruction. For example, when
adding 10 % of the lysate, the fragmentation index in the
experiment 2 was 12% lower compared to experiment 1;
when increasing the dose of the enzyme solution up to
20-40 %, the value of the analyzed indicator decreased by
21-23 %. It appears that preliminarily thermal treatment of
the rumen facilitates collagen cooking and denaturation of
connective tissue and muscle proteins. The mechanism of
thermal modification consists in the fact that upon ther-
mal motion the triple helix of the main collagen structural
unit, tropocollagen, is destructed and a broken structure of
the static globular shape is formed [13]. That is, after ther-
mal treatment, tropocollagen loses the helical shape of the
structure and the peptide bonds become available to the
pepsin molecules.

If we consider the dynamics of the fragmentation index
in the experiment 2 depending on an amount of the added
lysate, we can notice that an increase in the dose of the



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

added lysate over 30 % does not lead to a significant change
in the indicator under investigation. In this connection, a
dose of the pepsin solution for the cooked rumen process-
ing was taken at a level of 30 %.

Then, a study on substantiation of the duration of cooked
rumen incubation in the pepsin solution was carried out;
changes in the fragmentation index of the cooked rumen
were analyzed when incubating in the enzyme solution for
6, 8,10, 12, 14, 16 hours. The data are presented in Fig. 8.
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Fig. 8. An effect of duration of cooked rumen tissue incubation in the
enzyme solution on changes in the fragmentation index

As the data presented in Fig. 8 demonstrate, only after 10
hours of incubation of the substrate in the enzyme prepara-
tion, a significant decrease (by 25%) in the fragmentation
index is evident; after 12 hours it decreases by 46,3 %, then,
significant changes in the analyzed indicator is not observed.
Therefore, an optimal duration (12 hours) of the fermenta-
tion process was chosen. It is necessary to note that an effect
of pepsin consists in its ability to break the hydrogen and
disulfide bonds between polypeptide chains, which leads to
the development of «open» forms of protein molecules of
meat raw materials. As a result, morphological changes in
muscle, collagen and elastin fibers are observed, which, as
a consequence, facilitate an improvement in the functional
and technological properties of the tissue (Fig 9).
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Fig. 9. The functional and technological indicators of the fermented
rumen

FHC
experiment

Fig. 9 presents the results of the investigation of the
functional and technological indicators such as water
holding capacity (WHC) and fat holding capacity (FHC)
of the rumen after fermentation (experiment) compared to
the initial minced rumen without fermentation (control).
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The data in Fig. 9 demonstrate that after rumen incuba-
tion in the enzyme solution, the statistically significant im-
provement in the functional and technological characteris-
tics is observed. This confirms the possibility to modify the
properties of the tissue of the collagen containing rumen
by its treatment with the lysate from the whole bovine ab-
omasum. Undoubtedly, the initiator of an increase in the
functional and technological properties of the rumen is the
change in the collagen structure as well as smooth and stri-
ated muscle fibers, which facilitate appearance of the active
functional hydro- and lipophilic groups.

Based on the obtained results of the experimental in-
vestigations, a technological scheme of bovine rumen
fermentation with the pepsin solution obtained from the
whole abomasa was developed (Fig. 10).

Selection of bovine rumen
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Defatting

v

Cutting (ripping)

v

Removal of the contents

y
Washing

v

Scalding at t=65-68 °C for 2-3 min.

v

Cleaning from mucosa in a centrifuge
at t=62-68 °C for 6-10 min

!

Cooking for 15-20 min. at t=70-80 °C

!

Mincing (plate hole diameter 3-5 mm)

y

Cooling to t 35 °C

v

Fermentation
Incubation in the enzyme solution (30 %)
for 12 hours at t=30-35 °C

|

Fine comminution with obtaining of a paste-like
consistency

v

Quality assessment of protein paste

:

The use in the composition of minced meat products
of the economy class

Fig. 10. The technological scheme of bovine rumen fermentation
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According to the presented technological scheme,
after selection, the rumens are prepared (defatted, cut,
washed, scalded and cleaned from mucosa), then cooked,
minced and fermented upon incubation at a substrate:
enzyme solution ratio of 10:3 for 12 hours. Then, they are
cooled, finely comminuted and dispersed until obtaining
a paste, which can be used in production of minced meat
products.

The biotechnological method of tenderization of colla-
gen containing products plays a prominent role among the
proposed methods of tenderization of tough raw materials.
Researchers propose using the proteolytic enzymes of dif-
ferent origin individually or in combination.

The work [16] substantiates the expediency of using
proteolytic enzymes of animal (collagenase from Kam-
chatka crab hepatopancreas) and microbial (megaterin
G10X and protosubtilin G10X) origin to process low grade
meat raw material with the high content of connective tis-
sue proteins.

The author [17] shows that when treating beef with the
enzyme preparation of animal origin, protepsin, swelling
of muscle fibers and connective tissue occurs, which lead
to an increase in hydrophilicity.

An increase in hydrophilicity and improvement of the
strength properties of meat from of egg-laying hens after
enzyme treatment with collagenase and trypsin was estab-
lished [18].

It was revealed that the use of transglutaminase upon
production of meat products increases hydrophilicity of
muscle proteins due to the ability to transfer the active
groups from one compound to another [19].
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