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AHHOTAIHS.

Texnonorus Sous vide uzBectHa ¢ cepenunbl 1970-x rr., a B Poccuu ¢ 2000-x. 11 popMupoBaHUs TEOPETUKO-METOI0JIOTHUECKOM
0a3bl, periIaMeHTHPYIOLIeH KaueCcTBO MPOAYKIUH, aKTYaJIbHO MPOBECHHE Pa3HOACIIEKTHBIX HccienoBanuil. [{enabio paboTel
SIBJISJIOCH M3yUEHUE BIUSHUS 3aJaHHBIX PEKUMOB TexHoJIoTHU Sous vide Ha GpopMupoBaHHe KauecTBa MPOAYKIIUU U3 Msica
TOBSIIMHBI IyTEM IPOBEACHHS TMCTOJIOTHYECKOT0 M OPraHOJEHTHIECKOr0 aHaIH3a.

OOBEKTHI ¥ PEKUMBI UCCIIET0BAHNS BEIOpAIN HA OCHOBE aHAJIN3a HAYYHOU MH(POPMAaLNH, IPEACTABICHHON B 0a3aX JTaHHBIX
Scopus, Web of Science n eLIBRARY.RU. M3yunnu nponecc moxydeHHs TOTOBOH MPOLYKINH 110 Sous vide U3 KpecTIoBOit
YacTU TYIIM Msca FOBAIUHBI IPH 3aJaHHBIX pexnuMax: 57 u 64 °C (24 4 Bapku), 80 °C (12 4 Bapku). KauecTBo nmpoaykuuu
OTIPEICIISIIN THCTOJIOTHYECKAM U OPTaHOJIENITHISCKUM METOJaMH.

I'ncTonornueckue Ucciae 0BaHus MOKa3aiH, uyTo nporecc Bapku npu 100 °C u pexumsl Sous vide npu 57, 64 u 80 °C npuBoasT
K YBEIHUCHHIO pa3Mepa MEXKKJIETOUHOTO MPOCTPAHCTBA U PACTBOPEHUIO COCANHNUTENBHON TKaHN. UeM BhIIIE TeMIeparypa,
TeM OoJiee BEIpa)KeHa ycaaka U Aedopmanus MBIIIEYHBIX BOJOKOH. B ycinoBusax Bapku mo Sous vide HanOGosbNIyio cTeneHb
pa3pyLIeHHUs BOJIOKHUCTBIX CTPYKTYP MONydniIn 00pasisl, mpurotosienHsle npu 80 °C B Teuenne 12 4. C MOBBILIEHHEM CTETICHH
pa3pyLIeHNs MBIIICYHBIX BOJIOKOH OOHAPY KM YBEJINUCHHE BBHIXO/A SIIEP B MEXKKICTOYHOE IIPOCTPAHCTBO, a TAKXKE IIPOSIBIICHHE
IpaHyJIsIuy NIEPUMU3US U CAPKOJIEMMBI C 06pa3OBaHl/IeM 3€PHUCTBIX MACC, KOTOPBIE 3AIIOJHAIOT IPOCTPAHCTBO MEXKAY ITyUKaMH
MBIIIEYHBIX BOJOKOH. ['OBAIMHA, TPUTOTOBIEHHAS 110 TEXHOJIOTHH Sous vide, IMeeT BEICOKHE TT0Ka3aTelTH KOHCUCTEHIIUH 110
COYHOCTH M HEXHOCTH.

O6061enne pe3yabTaTOB UCCIIEOBAHUH U UX aHATH3 BRISIBHIIO IPOTHBOPEUNE MEX/y BO3PACTAaHUEM CTENEHU Pa3pyIIeHUs
BOJIOKOH TIPH YBEJIMYEHUH TEMIIEpPaTyphl H (POPMHPOBAHNEM MTOKA3aTeN sl KOHCHCTEHINS (COYHOCTD M HEXKHOCTH). MBI cunTaeM
HEOOXOMMBIM IIPOJOJKEHUE UCCIEIOBAHUI B TOM HANPABICHUHU U IPHUIJIAIIAEM TPOGUIBHBIX CIEIIMAINCTOB K JIUCKYCCHH.

KuaroueBbie cioBa. TexHomnorus Sous vide, Msico FOBSTUHBI, KAUECTBO, THCTOJIOTHS, MUKPOCTPYKTYpa, OPTraHOJICITHYCCKIE
CBOIiCcTBa
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Abstract.

Sous vide technology came to Russia in the early 2000s. Its quality standards require a multidimensional comprehensive study
to develop theoretical and methodological foundations. The research featured the effect of various Sous vide modes on beef
quality based on histological analysis and sensory assessment.

The review of best practices in this sphere included publications registered in Scopus, Web of Science, and eLIBRARY.RU.
Beef from sacral part underwent Sous vide processing at two modes, i.e., 57 and 64°C for 24 h and 80°C for 12 h. The samples
obtained were subjected to histological analysis and sensory assessment.

The histology showed that the cooking process at 100°C and the Sous vide modes at 57, 64, and 80°C increased the intercellular
space and dissolved the connective tissue. Higher temperature modes led to more pronounced shrinking and deformation of
muscle fibers. Under the Sous vide conditions, fibrous structures demonstrated the most severe destruction after 12 h at 80°C.
As the destruction of muscle fibers increased, more nuclei entered intercellular space. Moreover, perimysium and sarcolemma
demonstrated signs of granulation between muscle fiber bundles. The Sous vide samples received the best score for juiciness
and tenderness.

The research revealed a certain contradiction between the growing degree of fibrous destruction caused by thermal treatment
and the improving consistency index for juiciness and tenderness. The authors consider it necessary to investigate the matter
further and invite specialists to submit their ideas.

Keywords. Sous vide technology, beef meat, quality, review, histology, modes, microstructure, organoleptic properties
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Beenenne CTUMYJHPYIOT CIIPOC Ha TOBSITUHY, OTHOCUTCS Pa3BUTHE

B nuTtanun poccusH roBsiiuiHa 3aHUMAET TPEThE MECTO Typu3Ma ¥ PECTOPAHHOTO CEKTOpa.
10 KOJIMYECTBY MOTPEOICHHS Cpeiy IPYTUX MACHBIX IIPO- Corsacao I'OCT 34120-2017 roBsauny Ki1accu(pHII-
nyktoB. Ha Hagamo 2022 r. mpou3BOACTBO TOBAIUHEI PYIOT B 3aBUCHMOCTHU OT BO3pPacTa U I0JIa, a KATEropus
B Poccun (B yOoifHOM Bece) B XO3HCTBaX BCEX KATETOPHIA MsiCa yCTaHABJIMBAETCS B 3aBUCHMOCTH OT Macchl, (POPMBI
cocraBuio 983,8 ThIC. T, 4TO MeHbLIE Ha 3,7 % B cpaBHe- TyHIH (KJIAcChl) U TOJIIUHBI OJKOXKHOTO XHUpa (Moa-
HUH C peslaymum rogoM. CokpaiieHne oobema npej- kiaccsl). Ocoboe MecTo 3aHMMAaEeT TOBSIINHA BBICOKOTO
JIO)KEHHMsI CITPOBOLIMPOBAIIO pocT 1ieH [ 1]. BMmecTe ¢ aTum KauecTBa, K KOTOPO OTHOCST «MpaMOpHYt0o». OHa UMeeT
YXyALIMIACH MTOKYTaTeNbCKast CIOCOOHOCTh HACEIEHNUS, TTOBBIIIICHHOE COJIEpPKaHNEe BHYTPUMBIIICYHOTO KHUPa,
MIO3TOMY MTOTPEOUTENH MPEAIOIUTAIOT HCKATh OoJee J10- KOTOPBII MEHEe TUIOTHBIH, YeM JIEHaTypPUPOBAHHBIN 1 KOa-
CTYIIHYIO TIO I[eHE MPOIYKIIHIO, HE OTKAa3bIBasICh OT MPH- TYyTHPOBaHHBIN Oemok. «MpaMopHOe» pacipeneieHne
BEIYHBIX TOBApOB, HO IMOKyIas UX B MEHBIIEM KOJHYE-  KHPOBOU TKAHU CHIIKACT MPOYHOCTH MsICA U TOBHIIIACT
ctBe [2]. [To MHEHHUIO FKCIIEPTOB (eIepaIbHOTO IIEHTPA ero couHocts [3]. [Ipou3BOACTBO rOBAIUHBI BEICOKOTO
«ATpOdKCTIOPT», K pakTopam, KOTOPHIE COXPAHSIOT U Ka4eCcTBa OTHOCUTCS K pa3BUBAIOIIEMYCSI CETMEHTY PhIHKA
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U IMEET BBICOKYIO CTOMMOCTb, B OTJIMYHE OT Msica Ooiee
HU3KOW KaTeropuu, KOTOpask TOKa MOJIb3YyeTcs: OOIBIINM
CIIPOCOM y poccHiicKuX noTpedureneii [4, 5. B takom msice,
B OTJIMYHUE OT KMPAMOPHOTO», JKUPOBasi TKaHb PACIIOJNO-
JKeHa B TIOAKOXKHOM CJIO€ M HOCHT OYaroBBIH XapakTep.
Msico nmeert Oosiee III0THYIO MBIIICYHYIO CTPYKTYpY U, B 3a-
BUCHMOCTH OT OTPY0a, COIEPKUT Pa3HOE KOJIHMUIECTBO COe-
JTMHUTEIFHON TKAaH! ¥ KOHCHCTEHITHIO (TEKCTYpY) Msica [6].
Takoe msico Tpedyer JUINTEIBHOTO IIPUTOTOBICHUS IPU
HEBBICOKUX TeMIIeparypax. ITo 00yCIOBIEHO TeM, 4To (op-
MHPOBaHHE KOHCUCTEHIIMN TOTOBOH MPOYKIIUH 3aBUCUT
OT COCTMHUTEILHOM TKaHH, COIepIKalelcsl B Msice HU3-
KOI'o Ka4ye€CTBa, I0O3TOMY YEM JJIUTECIIbHEEC IIPUTOTOBJICHUE,
TEM 3TOT MOKa3aTelb UMeeT Ooiee BRICOKYIO OICHKY [7].

[Tpu IpUHATHY pEIICHUS O MOKYIKE IPOAYKTOB JIFOAN
PYKOBOJCTBYIOTCS OPraHOJIECIITHYECKUMU [TOKA3aTeIIAIMHU, Ta-
KUMU KaK BHEIITHUH BUJI, 311X, BKYC M KOHCHCTEHIHA [8, 9].
3amax ¥ BKyC UMEIOT ONpPeJIeIISIONTYI0 POJIb TPH BEIOOpE
MPOJIYKTa, HO JJIsl MSICHOW MPOJYKIHUHU KOHCUCTEHIMS
nMeeT ocodyIo, a nHorAa KiroueByto pois [10]. Koncuc-
TEHIHUST MSICHOTO MPOJYKTa — 3TO CBOMCTBO, KOTOpPOE Xa-
paKkTepu3yeT ero CTOWKOCTh MPH TIEPEKEBBIBAHUH U/HITH
ne(hOpMUPOBAHUH. DTOT MTOKA3ATENb SBISETCS OJTHUM U3
CJIIOKHBIX B OPTaHOJICIITHYECKON OIICHKE M BKIJIIOYAET
MHOXKECTBO XapaKTEPHCTHK: HEKHOCTh, YIPYTOCTh, COY-
HOCTh, MATKOCTB 1 1Ip. [11-13]. Ha BoctipusiTie KOHCUCTEH-
LM BIUSET Psif PAKTOPOB, B YACTHOCTH YPOBEHb 3HAHUH
9KCIIEPTOB M MOTPEOUTENEH O TEKCType KaK CBOWCTBE
MUILEBOTO MTPOIYKTA.

BaxkHy10 posb NTparoT HalMOHAIBHBIE U KyJIbTYPHBIC
0COOCHHOCTH NMHUTAHMS M OLEHKH KauecTBa MPOJIYKINH.
Hampumep, B SInoHuu 1pu oLeHKe KayecTBa IPOAYKTOB
CTEIATNCTaMH TPUMEHSETCS B 6 pa3 00JIbIIIe XapaKTeprc-
THK 10 CPaBHEHMIO C aHAJIOTUYHBIMH IIPOLEAYPaMH B
Awmepuke [14]. B Poccnn nmeet MecTo HEOTHO3HAYHOCTD
MIPOIIECCOB OIIEHKH Ka4yeCTBa OJHOPOJHBIX IPOIYKTOB.
Taxoke oTMedaeTcss HEOTHO3HAYHOCTh B TEPMUHOJIOTHI
rocynapctBeHHbIx ctanaaptoB: B [OCT ISO 5492-2014
«KOHCHUCTEHIUSI — 3TO MEXaHHUYECKasl XapaKTepHCTHKA,
oOHapyXHBaeMast I[yTeM CTHUMYJIHPOBAHUS TaKTHIIBHBIX
(nmepexEBbIBAHME) WM BU3YaJbHBIX PELENTOPOBY», a B
I'OCT 31985-2013 KOHCHCTEHITUS pacCMaTpPUBAETCS
TOJIBKO C TOYKH 3PEHHS OIICHKH MEXaHMYECKHMH U TaK-
TUJIBHBIMH pelientopamu. B joctynHoil aureparype He
0OHAPYKEHO CIICIU(PUKAIINA OMUCAHUS XapaKTCPUCTUK
KOHCHCTEHIIUH MTPOAYKINH, TIOITyUYE€HHBIX HA OCHOBE BH-
3yaJbHBIX, TAKTHJIBHBIX U MEXaHUYECKHX PEIETITOPOB
skcreptToB [15, 16].

K ¢akropam, koTopbie HOpMUPYIOT KOHCUCTEHITHIO
Msica B IIPOIIECCE ITPUTOTOBIICHUSI, MOYKHO OTHECTH COZIEP-
JKaHUEC BOJBI, )KUpa U COCHHHHTGHBHOﬁ TKaHH, aKTUBHOCTb
(hepMEHTOB, COCTOSIHHE MBIMIEYHBIX BOJIOKOH, CITIOCO0
CO3pEBaHMs Msica, yCIIOBHSI XpaHEHHs, CIIOCO0 MPUTOTOBIIE-
Hust U ap. [3, 16, 17]. Tlponecc popmupoBanus kadecTBa
Msica JOJDKEH HAYMHATHCS Ha dTare BhIOOpa BHIa yOOi-
HBIX )KUBOTHBIX JUISl BEIPAIIMBAHMS U OTKOPMA JIJIsl TIOCTIe-
JIYIOIIEro MMPUMEHEHHS B IMUILEBBIX oTpaciisix. B Poccun
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JUTS TIPOM3BO/ICTBA TOBSIIMHBI HCIIONB3YIOT CKOT MOJIOYHOTO
¥ KOMOMHHPOBAHHOTO HAITPABJICHHs IPOYKTHBHOCTH, YTO
cocraBisieT 96 %. Jlons crenuanu3upoBaHHBIX MSCHBIX
TIOPO/I, BEIPAIIIMBAEMBIX I[IEJICHAIIPABICHHO TSI TIOTyde-
HUSI BBICOKOKauY€CTBEHHOI0 Msica, coctasisieT 4 % [18].
Jlnist 9TUX 1enel pa3BoAT MSCHOM CKOT AEBATH OPOJ, U3
KOTOpBIX 59,4 % 310 KanMmbliKast, 25,2 % repedopackas,
10 % xa3axckas Oemoroiosas, ot 0,6 1o 1,4 % ocraib-
Heie [19, 20]. B 3ananuoit Cubupu HauboIIbIIee pacipo-
cTpaHeHue uMeet repedopckas nopoxa [21]. Y pasubix
MOPOJ] «KMPaMOPHOCTEY» (POPMHUPYETCS TIO-Pa3HOMY H J10-
CTHUTaeT TpedyeMoro pe3yJibTara B pa3sHoe BpeMsi: y ObIYKOB
KaJIMBIIIKOW TIOPOABI K | 7-MecIYHOMY BO3pacTy, y Kazax-
CKoif O6emoroyioBoii k 18-MecaaHOMY BO3pacTy, y repe-
¢bopackoii k 19-20 mecsiy. Y CHMMEHTaIILCKOW TTOPOJIBI
MpPaMOPHOCTh OTCYTCTBYET [22, 23]. B MmpamopHOM Msice
CTICIHATN3NPOBAHHBIX TIOPO]] COICPKAHIE BHY TPUMBIIICY-
HOTO HUpa U3MeHseTcs B npejenax ot 3,5 1o 38 %, a B
Msice, JIMILIEHHOM MPaMOPHOCTH, BHY TPUMBIIICYHBIN KHP
cocTasisieT okoio 1 % [24]. OxHako eciiu MsICO CTIeIHa-
3UPOBAaHHBIX ITOPOJI XapaKTEPU3YETC «MPAMOPHOCTBIOY»
KaK BBICOKOKAQUECTBEHHOE, TO OCTAJIbHBIE BH/IbI MsICa OTHOC-
ATCSI K IOCTHOMY, cofiepkaieMy He 6omee | % xupa u 3aHu-
MaIOILEMY Ba)KHYIO POJIb B IMTaHUU HaceneHus [25, 26].

Ha ¢opmupoBanue kauecTBa B IIEJIOM U KOHCHCTEH-
IIUU B YaCTHOCTH BIHACT KXKIBIN M3 3TANOB MpoIecca:
OT TIOYYEHHUS MSACHOHN MPOAYKIIUHU 10 €€ peaNn3aluu
(puc. 1). MHOrHe nccienoBaTesn OTMEYalOT HEOOXOIH-
MOCTb PACIIHUpPEHUS TOKa3aTeel KauecTBa Ha BCEX ITamax,
B YACTHOCTH HA YPOBHE M3MCHECHHS MHKPOCTPYKTYPHI
CBIPbSI U TOTOBOM MPOTYKIINH.

B msice mociie y0ost sKMBOTHOTO (hepMEHTATHBHBIC H3ME-
HEHHMS TIPOXO/IAT B HATIPABIICHUH PAcIiafa. ITO aBTOIUTHYCC-
KHE M3MEHEHUs], OT TITyOMHBI U XapaKkTepa KOTOPBIX 3aBH-
CHUT Ka4yeCTBO M MUINEBast IIEHHOCTh Msca, onpeernseMas
TIPH pa3HBIX CII0CO0aX 0OPAOOTKI: OXITAKICHIH, XPAaHESHHH,
3aMOPaKUBAHUH, PA3MOPAKIUBAHUH, U3MEITHUCHAH U T. 1.
Br1enstor Tpu COCTOSIHUS Msica B TIEPUO/] €r0 aBTOJIUTH-
YEeCKHUX M3MEHEHHUH: MapHOe, MaKCHMAIEHOTO OKOUCHEHHS
u co3peBiiee. K mapHOMY OTHOCHTCS MSICO HETIOCPEICTBEHHO
niocyie y0ost )KUBOTHOTO ¥ pa3JeiKy TyIIH (2—4 9 Juisi TOBSI-
nuHbl). OHO XapaKTepHU3yeTcsl paccia0iIeHueM TKaHeH,
CPaBHUTEIHFHO HEOOIBIION MEXaHUIECKOH TIPOYHOCTHIO,
BBICOKOUH BOJIOCBSI3BIBAOILECH CIIOCOOHOCTBHIO M MSTKOM
KOHCHCTEeHIMEeH. Bkyc 1 3amax Takoro Msica BbIpa)KEHbI
cimabo. Yepes 3 gaca mocie yOos HAUMHACTCS Pa3BUTHE
MIOCMEPTHOTO OKOYEHEHHUsI, IPU KOTOPOM MSCO TepsieT
ANIaCTUYHOCTb, CTAHOBHUTCS KECTKUM U TEpsET BIAroCBsi-
3BIBAOIIYIO CTIOCOOHOCTH. Takoe MsCO TIOXO MOITACTCs
MEXaHH4YeCKOH 00paboTKe U COXPaHsET KECTKOCTh MOCIIe
Bapku. [Iporiecc co3peBanus Ha 5—7 CYTKH MOCIIEe yOOs Tpu
0—4 °C cmocoOCTBYeT CHIKEHHIO KECTKOCTH Msca. Ha
10—-14 cyTku opraHoJenTu4ecKre MoKa3aTeln J0CTUTaloT
ONTUMAJIbHBIX 3HAYEHUI. Y MEHbILIEHUE )KECTKOCTH Msca
CBSI3aHO C TIPOIIECCOM M3MEHEHHS OEIKOB, IPH KOTOPOM 00-
Pa3yroTCs MPOIYKTHI paciiaia KoJUIareHa o] BO3ICHCTBHEM
THPOJIUTHYECKUX (PEPMEHTOB, BEICBOOOKIAIOIIUXCS 13
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PI/ICyHOK 1. I[HarpaMMa Imponeccon HpeO6pa30BaHI/I${ MscCa OT y60$l JKUBOTHOTI'O 10 pe€ajiudaluun MSICHOM OpoaAYyKIOUHN

Figure 1. Meat processing from slaughter to shelf

m3ocoM. OOpa3syrouecs KUCIOThL B IIPOLECCE CO3PeBa-
HHS Msica IPUBOJIAT K Pa3phIXJICHUIO KOJUIArCHOBBIX ITy4-
KOB, OCJIA0JICHHIO MEKMOJIEKYJISIPHBIX ITOTIEPEYHBIX CBS-
3eif 1 HaOyxaHuIo KojutareHa. Takum oOpas3om, B Iporiecce
CO3pEeBaHMs Msica IPOMCXOJUT YITyUIIEHHE KOHCHCTEHIINH,
HO JUIS pa3HBIX OTPYOOB TOT MpOLEcC HEOUHAKOB [27, 28].

CospeBiee MICHOE CBIPhE PEATU3yeTCs B OXIIaK/ICH-
HOM HJIM 3aMOpOKeHHOM BHJle. COXpaHEHHE KauecTBa
Msica TIOCJIe €r0 CO3PEBaHUs — OJIHA U3 BaXKHEHINNX 3a/1a4
MpEeANPUATUH MUIEeBOH oTpaciu. CoxpaHeHUe KauecTBa
3aBHCHUT OT CII0c00a 3aMOPAKNBAHMS, HAJIMYNS HIIH OTCYT-
CTBHSI YIIAaKOBKH, PEKUMOB XpaHeHHUs. B nporecce Hu3Ko-
TEMIIEpPaTypPHOTO XPAHEHHS MOTYT MPOTEKATH MIPOIIECCHI,
KOTOPBIE€ CHIIKAIOT KaueCTBO MSCHBIX MOy (adpHUKaTOB.
K HUM OTHOCSTCA OTeNIeHHe, YCyIIKa, YACTUYHOE OTTa-
MBaHUE N (POPMHUPOBAHKUE KPYIHBIX KPUCTAIIIOB JbJA,
paspyLIaIux KIeTouHyto cTeHky. [lox Bo3aelicTBueM
HU3KHX TEMIEPaTyp MPOUCXOIUT pa3pylIeHHe MUKPO-
CTPYKTYP MBIIIEYHOTO BOJIOKHA TOBSAMHBI, KOTOPOE ITPO-
SIBJISIETCS B BUJE MOTEPb MICHOTO COKa U pPacTBOPEH-
HBIX BEIIIECTB B YCJIOBUSX TIOATOTOBKHU MsiCa K MEXaHHUYE-
CKOMW M/WIM KyJIMHApHOH 00paboTke. ITO MOKHO HAOIIIO-
JIaTh MPU IPOBEICHUH I'MCTOJIOTHYECKUX UCCIIEIOBAHUH,
KOTOPBIE BBISBIISIIOT HAPYIICHUE LIEJIOCTHOCTH KIETOK U
yMeHbIlIeHHE UX 00beMa. CHIDKEHHE BJIar B TIOBEPXHO-
CTHOM CJIO€ MPH XPAaHEHUH MPHUBOJUT K JACHATYpPaLUU
OEIIKOB ¥ CHIKCHHUIO BOJIOCBSA3BIBAIONIECH CIIOCOOHOCTH,
YTO yXyALIaeT KOHCUCTEHIIUIO ChIPOro Msica U TOTOBOH
MsCHOW mpoxykuuu [29-31].

[IpencTaBisitoT HHTEPEC UCCIETOBAHMS 110 BITMSIHHIO T10-
CJIe/I0BATEILHOCTH MPUMEHAEMBIX ONeparIuii CO3peBaHNe —
XpaHEHHE ITPU HU3KHUX TEMIIEpaTypax Ha KadyeCTBO TOTOBOH
MsicHOM npoaykuuu. D. Setyabrata u np. n3yunitu BiausiHue
MOCJIE0BATENBHOCTH IPOLIECCOB CO3PEBAHUS U 3aMOpa-
KMBAHUS HA KAUECTBEHHBIC XaPAKTEPUCTHKH TOBSKBEH
KOPEHKH IpHU Pa3INIHbIX CII0c00axX 3aMOPO3KHU: ObICTpast —
KpHOTeHHAas 3aMopo3ka mpu —75 °C, MeasIeHHas — MI0KO-
Bas 3amopo3ka npu —20 °C [32]. ABTOpHI BBISIBUIIM, YTO
Ha Pe3yJbTUPYIOUIUE KaUeCTBEHHbIC XapaKTePUCTUKU
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3aMOPOKEHHBIX/PA3MOPOKEHHBIX CTEHKOB U3 TOBSIIUHEI
BIIMAIOT MOCJIEA0BATEIBHOCTD BBI3PEBAHUE — 3aMOPAKHU-
BaHUE U cI10co0 3aMopakuBaHus. [Ipy koMOMHAIIUH OBI-
CTPOM 3aMOPO3KH U TIOCIIEIOBATEILHOCTH 3aMOPKHBAHHUE —
OTTaMBaHME — BBI3PEBAHNE CHIKAIOTCS ITOTEPH IIPOAYKTA
IPH OTTaUBAHMH, 110 CPABHEHHIO C METICHHOH 3aMOPO3KOH,
B TO BpeMsi KaK IOTEPH OT ObICTPOW U MEIUICHHOW 3aMO-
PO3KH ITOCIIEA0BATEIIEHOCTH BBI3PEBAHUE — 3aMOPaXKH-
BaHKE — OTTaMBaHKE HE OTIIMYAJINCH APYT OT Apyra. [lotepu
MIpH BapKe OBUTH BBITIIE Y 00pa3IoB Msica, CO3peBIIero 6e3
3aMOpaKUBAHMS (KOHTPOJIB), YEM y MsICa, OABEPIHYTOTO
0CJIEI0BATEIILHOCTH 3aMOPaKMBAaHNE — OTTaWBaHUE —
BBI3pEBaHUE. Pe3ynbTaThl ITHCTONOTMYECKHX UCCIIE0BAHUH
BU3YaJIBHO ITOATBEP)KIAIOT YBEIHMUCHUE MEKKIICTOUHOTO
MIPOCTPAHCTBA y Msica MEJIIEHHOH 3aMOPO3KH I10 CpaBHe-
HUIO ¢ ObICTpOii. [ToaTOMY TIOCITETHSISI CTIOCOOCTBYET ITyd-
IIEMY COXPaHEHHMIO KauecTBa ChIPhS.

Hemocratkom TexHomoruu Sous vide sBISETCs TO, YTO
Ha CTa/IMM BaKyyMHPOBAHHS BO3HHUKAET JehopManus
W3JeNUH, KOTOpas YCHJIMBACTCS] TP TEPMUYECKOM BO3-
JEHCTBUM M MPUBOJUT K YXY/IICHUIO BHEIIHETO BHJIA
TIPOIyKINH. B CHIDKEHNH BIMSIHUS 9TOTO (haKTOpa I0JI0-
JKUTEJIBHYIO POJIb UTPAET MOJAMOPaKUBAHUE, KOTOPOE
crocoOCcTByeT obecreueHIIo 0osIee BEICOKMX OpraHoJIeTI-
THUYECKHUX ITOKa3aTesel MpoayKTa (coxpaHeHHe (pOpMBI
W3JIeNINSl U YBEIMYCHHE COYHOCTH), CHIKEHHIO TIOTEPh
Ha 15-20 % ¥ NOBBIIEHNIO OMOTOTHYECKOM IIEHHOCTH.
OnTrMallbHBIM PEKMUMOM IPEABAPUTEIBLHOIO ITOAMOpa-
JKUBAHUS TONTY(HaOpUKaTOB SBIISETCS IIOKOBOE 3aMOpa-
skuBanue npu —30 °C [33].

W3yyenuto nporecca KpUCTaILIO00pa30BaHus Mpu 3a-
MOPaKMBaHUH MCA TIOCBAIICHbI HAYYHbIE HCCICAOBAHMS
C. 1. XBbuia [34]. Bbu10 yCTaHOBIEHO, UTO KPUCTAILIBI
JbJ1a, 00pa3yoIIMecs PH 3aMOPaXUBaHHUH, pacrojiara-
IOTCSL B MSICE B 30HE TIEPUMM3HSI, MEKIY MBIIICTHBIMH
BOJIOKHAMH B DHJIOMU3UH U BHYTPH CAMHX MBIIICYHBIX
BOJIOKOH. B rmporiecce JyMTeNsHOro XpaHeH st Msica Ipo-
HCXO/UT yBEIMYECHUE PA3MEPOB KPHUCTAIUIOB JIb/IA, YTO
MOJKET ITPUBECTH JIMOO K JIehOpMaIK MBIIICYHBIX BOJIOKOH
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0e3 pa3pymIeHns KICTOYHOI MeMOpaHBI, THOO0 K pa3phIBY
KJIETOYHOM MEMOpPAHBI C ITOCIIETYIOIINM BBIXOJIOM BHYTPH-
KJIIETOYHOTO COAEP)KUMOT0 B MEKKIIETOUYHOE IPOCTPAHCTBO
0CJIe Pa3MOPAKUBAHUS MsICA M CHHIKEHHUS €ro KauecTBa.

IToBTOpHOE 3aMOpakMBaHUE MsiCa IPUBOIUT K €IIC
OOJBIIOMY YBEIHUEHHUIO KPUCTAIII000pa30BaHUs U 00-
Jiee BBIPQXKEHHOMY JI€CTPYKTHUBHOMY M3MEHEHHIO MEM-
OpaHHBIX U (MIAMEHTHBIX CTPYKTYP MBIIICYHOTO BOJIOKHA.
[Iponykuus, IpUroTOBIEHHASI U3 IIOBTOPHO 3aMOPOKEH-
HOTO MsICa, MOXKET 00J1a7jaTh HU3KNM YPOBHEM Ka4yecTBa.

MsicHast POy KITHSI, HE3aBUCUMO OT TEPPUTOPHH TIPO-
JKMBAHMs1, COIIMAIIBHOTO CTaTyca ¥ BO3pacTa 4eIoBeKa, siB-
JsieTcst 00s13aTeNbHOM COCTABIISIIOIIEH ero palloHa ¢ yue-
ToM Hopm (pusnostornueckoit morpeOHOCTH. DTO SBIISICTCS
OCHOBAHMEM IS IPOBEJICHUSI HAYUHBIX MCCIECI0BAHUI
CTEIMAIICTaMH Pa3HbIX 00J1acTel 3HAHWH B 3aBUCHMOCTH
OT MOCTABJICHHBIX Lienel U 3a7ad. Mbl MpOBEIU aHAIN3
CIELUATN3UPOBAHHON HayYHO-TEXHUYECKOM JIMTEPaTyphl
3a mepuon 2015-2019 rT., mOCBSIIIEHHON HCCIIETOBAHUSIM
B 001acT POPMHUPOBAHMS KAUECTBA MACHOH POTYKIIHH.
O0600ImMIM ¥ CUCTEMAaTU3UPOBAIIM MaTepHai Mo MoKa-
3aTelisiM KauecTBa rOBSIMHBI, KOTOpbIe HanOoJIee YacTo
OIIpeIEIISIIOTCS HCCIIEOBATEIAMH IIPH Pa3HbIX BUIaX 00pa-
OOTKM: 3aMOpakUBaHIE U TEIUIOBast 00paboTKa (TyIIeHHEe
u Sous vide) (tabm. 1).

Bo Bcex nccemoBaHuAX KOHTpOIeM (Tadi. 1) ciyxmm
TTOKa3aTeIN MACHOH IPOTyKIINHU, HE TIOJJBEPTHYTOH 3aMO-
paxuBaHHIO. B 3KCIIEpUMEHTANTBHBIX UCCIICIOBAHUSIX BCE
00pasIs! Msica ObLUTH TOABEPTHYTHI OTHOKPATHOMY 3aMO-
pakuBaHUIO. J{7151 MpOBEIEHNUS THCTOIOTHUECKUX HCCIe-
JTOBaHMI HCIIOTE30BAITH MSICO TOBSIIUHEI, TEMIIEPAaTypPHEIC
PEKUMBI 3aMOPaKUBaHUS KOTOPOTO COCTABHIN OT —18
1o —30 °C. Kpome TOro, npeicTaBisiyi UHTEPEC TEMIIe-
patypHbIi pesxum mpu —75 °C, KOTOPBI OTHOCHUTCS K TEX-
HOJIOTUH KPUOTEHHON 3aMOPO3KH H SBIISETCS HOBBIM Ha-
TIPaBIICHUEM HCCIICIOBAHUN.

C 0/IHO¥ CTOPOHBI, aHAIN3 TAHHBIX TAOIUIIBI | TTOKa-
3bIBaCT IIyOHHY OIyOJIMKOBAaHHBIX PE3YJIbTaTOB UCCIIE/I0-
BaHUI U BO3MOYKHOCTH MX IPUMECHEHHUS B TPAKTHUCCKON
TIESITeTBHOCTH, a C APYTOH — IIeTIecO00pa3HOCTh pacIIupe-
HUSI CIIEKTPa UCCIICIOBAHUH TP APYTHX MAIOU3YUICHHBIX
napameTpax TeXHOJIOTHH MUIIEBbIX NPOU3BOACTB. Hike
npezcTaBieH 0030p pe3ysIbTaTOB MCCIICAOBAHUN TEXHO-
JIOTHH M MX TTapaMeTPOB, HAIPABJICHHBIX Ha BBISBICHUE
(haxTOpOB, KOTOpPEIE POPMUPYIOT TOTPEOUTETHCKIE CBOI-
CTBa rOTOBOM MSICHOM MPOJTyKLIUH.

Ecnu Giiox ncciieioBanusi, MPUBECHHBINA B IEPBOM
YaCTH CTaThH, OBLT TIOCBSIIEH BOpocaM (hOpMHUPOBAHNS Ka-
YeCTBa MSCHOTO CHIPBS, B 3aBUCHMOCTH OT PEKUMOB XpaHe-
HHS1, TO BTOPOH OJIOK TTOCBSIIIEH Bonpocam (popMHUpOBaHUs

Tabnuua 1. [Tepedens nokaszaTesneit Msca roBsIANHBL, OJBEPTHYTOT0 3aMOPAXKUBAHUIO C TOCIE Ty oIt
TEIUTOBOI 00pabOTKOH, MOIyYEeHHBIX HCCIeI0BATEISIMU U Oy OJIMKOBAaHHBIX B HAYYHOI IUTEpaType

Table 1. Quality indicators for beef subjected to freezing and heat treatment, by different authors

Ilokazarenn Temmnepatypa 3amopaxuBanusi, °C Bun rennoBoit 06paboTKH
0/3* 75 -30 -25 —24 -20 —18 Sous vide Tymienue
BayTtpennss remneparypa ceipes, °C | 3-8 -20 -2 -25 -2 -20 -2 +
MaccoBas nosst xupa, % + + + + +
MaccoBas mois Biiaru, % + + + + +
MaccoBas gosns 6enka, % + + + + +
Kucnornocts, pH + + +
AHanu3 nporeosnsa + + +
DHepreTuyeckas HEeHHOCTh, KKaJl + + + + +
Koa¢pdurment paznnuus + + + + +
aMUHOKHCIIOTHOTO CKOpa, %
buonoruyeckas neHHOCTh, %o + + + + +
Koaddunment yrunurapuoctu (U), % + + + + +
CopnepxaHue BUTAMUHOB, % + + + + +
ITopo3HOCTH MBITIEUHOM TKAHH, % +
[Torepu npu TemnoBoit oopadotke, % + + + + + + + +
[otepn npu orTauBanny, % + + +
KanensHble motepu Bnaru, % + + +
Pa3mep kpuCTaILIOB JIbAA, MKM + + +
KonmgecTBo mOBTOpEeHHs 3aMOPO3KU 1 1 1 1 1 1 1
HauanbHoe XapakTepucTuyeckoe + + + + +
Bpems 3amepsanus (T ), mun
Cuna casura, H + + +
CaHUTapHO-TUTHCHUYECKIE + + + + +

*6/3 — 6e3 3aMOpPaKUBAHHSL.

*6/3 — without freezing.

386



Koxkwapos A. A. [u dp.] Texnuxa u mexnonozus nuwesvix npousgoocms. 2024. T. 54. Ne 2. C. 382-397

KayecTBa rOTOBOM MSICHOM ITPOAYKLMH. B kauecTBe TeXHO-
JIOTUH TIPOM3BOJICTBA MACHOM ITPOTYKIIMU PAacCMaTpUBAIN
OTHOCHTEJIFHO HOBYIO TEXHOJIOTHIO Sous vide B ycTaHOB-
JICHHBIX TPAHUYHBIX YCIOBHAX (TEMIEpaTypa u Bpems).

Hapsiny ¢ moka3zaresnsiMu KadecTBa, periiaMeHTHpYe-
MBIMH HOPMaTUBHBIMH JIOKYMEHTAMHU 1 OOIIETTPUHATHIMU
METOJIaMHU MCCIIEAO0BAHUS IIPU OLIEHKE KauyecTBa roTO-
BOM MSCHOMU HPOYKIMH, PSIJ] KCCIIEA0BATENCH NCTIONb3yeT
THCTOJIOTMYECKUH aHaJIN3, IPUMEHSIEMbII U HAEHTUDH-
KaIli| ¥ MOJTy4eHUH 0oJiee 0ObEKTUBHBIX TIOKa3aTemeH.

AHanm3 IuTepartypbl oKa3al, YT0 TEXHOJIOTHH PUTO-
toiuenus npu temreparypax (120-130 °C) ocrarorcs 60-
Jiee MPeOYTHTEIBLHBIME JUISl MsICA, KOTOPOE UMEET BbICO-
KYIO JIOJII0 COEAMHUTENIBHOM TKaHU. TeXHOIOrn4ecKui
npornece 11 12 Kr nomypadpukara MOXKET JUTUThCS 5—7 4,
B TEUEHHE KOTOPBIX MSICO IPHOOPETACT HEXKHYIO CTPYKTYPY,
MSTKOCTB ¥ COYHOCTB. OfHAKO TaKOH MPOIYKT HE IPUTOACH
JUTS JUTTETIBHOTO XPAaHEeHUs COTJIACHO TPEOOBAHUSIM CY-
HIECTBYIOLIMX HOPMATHBHBIX JIOKYMEHTOB. AJIbTEpHATHB-
HBIM CIIOCOOOM JUTUTEILHOTO IIPUTOTOBJIEHHS MsICa SBJIS-
eTcst TexHosorust Sous vide, KOTopasi XapakTepu3yeTcst
MPUTOTOBIICHUEM TIPOAYKTa B BAKYYMHOM CpeJie B Auara-
30He Temnepatyp oT 50 mo 95 °C. Ilomyyaembie MsACHBIC
W3/IeNTHs] UMEIOT BBICOKHE OPTaHOJIEITHYECKHE TIOKA3aTeIH
U B BaKyyMHOH cpejie (yrakoBKa) MOT'yT XpaHUThCs Oosee
4 nenens. IIpolyKT aHAIOTMYEH OTBAPHBIM MSICHBIM I1OJTY-
(abpukaram, HO 00IaaeT 6oJiee BBICOKIMH TIOKa3aTeIsSIMH
0 KOHCHCTCHIIUHU (COYHOCTh U MSTKOCTB) [35-37].

B cpaBHEHUU ¢ IPUTOTOBIICHUEM MSICHBIX M3/ENIUI1 Tpa-
JIUIIIOHHOMN BapKoii 1 Ha rprIIe Sous vide MpUBOAUT K MEHB-
mwuM notepsam [38]. Oanako uccienoBaTesid OTMEYAIOT,
gro npu 77 °C, HE3aBUCHMO OT HCIIOJIB3yeMOI0 METOa,
YCIIOBHI ITPUTOTOBJICHHS M XapaKTEPUCTHKHU Msica (conep-
JKaHWUH JKUPa, THIT MBIIIILL), TIOTEPH CXOKH M COCTABJISIOT
npumepHo 30 % Beca 06pas3IoB MsAca. ITO CBSI3aHO C TEM,
yt0 ripu Temnepatype 77 °C cTpyKTypa epuMu3us Hapy-
I1aeTCs, HECMOTPSI Ha NCTIONIb3YEMbIH METOJI TPUTOTOBIIE-
HUSL, @ COSJJMHUTENbHAS TKAHb MEXY JAUIOLUTAMHU [TPH
BapKe HAYMHACT U3MEHSTHCS.

Pannwue vccnejoBaHys 0 M3MEHEHHUIO IBETa 00pa3oB
MsiCa IIOKa3bIBaIOT, YTO TpH O0JIee JUTUTEILHOM ITPUTOTOBJIIE-
HMH IIPOMCXOAUT TIEPEX0]] OT KPACHBIX TOHOB (JIEHATypanust
DeoxyMb u OxyMb 0eiKoB) K KOpHYHEBATO-KPACHBIM C
3eJICHOBAThIM OTTEHKaM (remoBble Tpynnsl MetMb u
SulfMb 6enkoB) [39]. Creiiku U3 rOBSANHBI, IPUTOTOBIICH-
HBIE MeToToM Sous vide, IMErOT 6oJiee HHTEHCUBHBIN Kpac-
HOBATBIH 1IBET, CHHE-)KEJIThIC XPOMATHUCCKHE 3HAUCHHS
TaKKE BBILIE [10 CPABHEHHUIO C OCTAJIBHBIMU BHJIaMHU 00pa-
60TKH. DTH N3MEHEHHNs 00JIee 3aMETHBI ITPU HU3KUX TEMITe-
patypax 60-80 °C

OTMeuaeTcs MOJIOKUTENFHOE BIUSHUE TEXHOJIOTHU
Sous vide Ha KOHCHCTEHITHIO MsIca JKECTKOM CTPYKTYPHI U
HHU3KOTro KadecTBa. [IpoBeieHHbIE HCCIeJOBaHUS Ha MsiCe
Taiickoil roBsanHbI (Bos indicus) moKa3aiy, 4To JaHHas
TEXHOJIOTHSl I3MEHSIET, HO HE pa3pyIiacT MUTOXOHAPUH HOJI-
HOCTBIO, BBI3BIBACT YCAJIKY MUO(DUOPHIUIIPHON Macchl, a
npu 60 1 70 °C — BOTHUCTOCTh HEKOTOPBIX MBIIIEYHBIX BO-
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70K0H [40]. YBenudeHne moTeps Npy BapKe HE3HAYUTEIIFHO
npu Temnepatype 6070 °C B cpaBaenu ¢ 70-80 °C. Mux-
POCTPYKTYpHBIE U3MEHEHHs O0Jiee M3MEHYHBBI JJIsl 00pa3-
1IOB, TPpUTOTOBIIEHHBIX TpH 60 1 70 °C, uem 11t 06pas3noB
ripu 80 °C, KoTOpBIe MOKA3AJIN OOJIBIIYIO TUIOMIA b TTOTIe-
PEYHOTO ceyeHHst MUOHOPHILISIPHOM Macchl. Y4eHble 00-
HapY KWJIU TUIIEPKOHTPAKTUBHBIE BOJIOKHA ITPU BCEX COUE-
TaHUSIX TEMIIEPATyPbl 1 BPEMEHH, KOTOPBIC ObLIN CBS3aHbI
C COCEJHMMHU BOJIHUCTBHIMH BOJIOKHAMH U XapaKTepHOH
CTPYKTYPHOMU 3BOJIOLUEH B MUTOXOHAPUSIX.

Pe3ynbraThl Hccie0BaHMI IO N3yYEHUIO KOHCHCTECH-
11K (TUIOTHOCTB, )KEBATEIBEHOCTD, YIIPYyTrOCTh, HAUYAJIbHOE
HaNpsHKEHUE W TBEPJOCTh) U MUKPOCTPYKTYPHI MBIIICU-
HBIX BOJIOKOH MsICa KPYITHOTO POTaTOTro CKOTA ITPH BapKe
MIOKa3bIBAIOT, YTO OHU U3MEHSIOTCS HE3aBUCHUMO JIPYT OT
npyra [41]. CkopocTh U3MEHEHUN YBEIUIMBACTCS C TIOBBI-
LIEHHEM TeMIEPaTyphl Msica 710 PA3IHMIHBIX MAKCHMYMOB
B nuanazone 70—100 °C, a 3atem ymenbiiaercs. [lotepu
IIpU BapKe YBCIIMYMBAIOTCA C IMOBBIICHUEM BHyTpeHHei/lI
Temreparypsl 00pas3noB. Hanbombime mpupocThl TOTEPh
pu Bapke HabmopatoTes Mexay S0-70 °C B pesynbrare
TEPMHYECKOH JIeHaTyparui MUOGUOPUILISIPHBIX OEIKOB
1 yCaJKU KOJIITareHa. Y MEHBIIEHHE IUaMeTpa BOJIOKHA
HabOIroMaI0Ch B 00pasnax, HarpeTsix 10 60 u 121 °C. Ber-
SIBJICHA 3aBUCHMOCTb MKy IMaMETPOM BOJIOKOH H YIIPY-
TOCTBIO Msica TIpW HarpeBaHuu B jauamazone 60—121 °C.
Yrpyrocts Msica CBsi3aHa CO CTETIEHbIO HaOyXaHUs BOJIO-
KOH, YTO OTpakaeTcsl Ha AMAMETPE BOJIOKOH. V3MeHeHus
JUIMHBI capKoMepa U OTepH MPU KyInHapHO! 00paboTke
00paTHO MPONOPIIHOHATHHEIL.

[MpencraBisaioT nHTEpEC PAbOTHI, KOTOPHIE OMHUCHIBAIOT
PE3YIbTATHI KOM6I/IHI/IpOBaHI/I5[ Ppa3INYHbIX TEXHOJIOTUH
coBmecTHO ¢ Sous vide. F. M. Chian u np. uccregoBanu
BIIMSIHHE BO3JICHCTBHS yAapHO-BOJIHOBOW 00pabOTKH B
coueranuu ¢ Sous vide (12 1 Bapku ipu 60 °C) Ha CTpyKTYp-
HBIE XapaKTEPUCTHKH 00pa3IOB Msca U3 FOBSKBEH Ipy-
mHKH [42]. Y napHast BoJTHa cama 1o ce0¢e 1 ¢ IIPUTOTOBIIC-
HUeM Sous vide U3MEHSIET CTPYKTYPY Msica: CHUIKACTCS Tep-
MOCTa0MJIBHOCTDh BHYTPHUMBIIIEYHONH COEANHUTEIBHON
TKaHH, a MOJIEKYJISIPHAS CTPYKTypa MUOGDHOPHILT HE H3Me-
HsieT mpoduitb 31ekTpodopesa B OSITKOBOM I'elic TOBSANHEI.
TexHoIOT sl yIapHO-BOJTHOBOM 00pa0OTKN HAPYIIAET yiIb-
TPaCTPYKTYpPy MBIIII] 33 CUET 00pa30BaHMs BOIHHUCTBIX Cap-
KOMEpOB U JIe30praHN30BaHHbBIX Z-1MCKOB, a IIOCIIeTyIOIIast
Bapka Sous vide J0MOIHUTENEHO MOAUPUIIIPYET MOJIEKY-
JSIPHYI0, MUKPO- H YJIBTPACTPYKTYPY MBIIIL, 00paboTaH-
HBIX YapHO-BOJIHOBOM 00pabOTKOM, YTO CMSTYaeT MSICO.
W3 3T0T0 CIIeayeT, 4To coueTaHKe yIapHO-BOJHOBOM 00pa-
60TKH 1 Bapku Sous vide MOXeT OBITh () (hEeKTHBHBIM TS
TIOBBILICHUS IEHHOCTH 00JIee )KECTKUX MSICHBIX OTpyOOB
3a CUCT YBCJIMUCHUA UX CTCIICHU HEKHOCTH.

[TpoBoaumck nccaen0BaHuUs IIPH COUYETAHUN YMEPEH-
HOTO JIABJICHUSI ¢ TeXHOJIOrHer Sous vide Ha mpuMmepe Msica
Taiickoi rosanHbl [43]. Coueranue Sous vide npu rasie-
uun 200-300 kITa u remmepatype 60 °C cioco6cTBOBAIIO
(hopMupoBaHuIo O0JIee HHTEHCHBHOT'O IBETA, HEXKHOCTH 1
COYHOCTH 00pa3IOB MsICa, YMEHBIICHUIO OTEPh IIPU BapKe
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B CPaBHEHUH C 00pa3LaMy, IPUTOTOBIEHHBIMHU PH aTMO-
cpeprom nasnennu 101 xIla. Pasmuuus cranossrcs 6o-
Jiee 3HAYMMBIMH TOJIBKO Tocie 3 4 BapkH (IPUMEPHO Ha
10-11 %). Kpome Toro, co3naHue ycIoBHH yMEPEHHOTO
nmasieHus (200-300 kI1a) B yclIOBUSX TPOU3BOICTBA SIB-
Jsiercs Gosiee JOCTYIHBIM B CPAaBHEHUH C BEICOKHM J1aBJie-
aueMm (300-600 MITa). CrxopoBapka obecrieunBaeT gaB-
nenne 180200 kI1a (abcomroTHOE). Y CTaHOBJICHO, YTO
COEIMHUTENbHASI TKaHb TOBSIAMHBI, IPUTOTOBJICHHOH B
BaKyyMe, HEOJIHOPOIHAs U ¢ OoJiee PHIXIIBIMU MBIIIEY-
HBIMH BOJIOKHAMH, YE€M Y OTBAPHON WIIH CHIPOH TOBSIIUHBL.
DnektpodopeTrdeckue MpoQHIH OKa3alld, 4To ACHATY-
panus TSHKEJIOH Leld MHO3UHA BIUSET Ha (U3UUECKHUE
CBOICTBA MsICa.

Nmerorcst pe3ybTaThl HCCIIEOBAHUN, KOTOPBIE OIH-
CBIBAIOT M3MEHEHHE KauecTBa MSCHOM MPOIYKIMH 10/
BIIMSTHUEM TE€XHOJIOTHHU Sous vide B coueTaHun ¢ HHIpeIu-
€HTaMH, TO/IABISIONIMMHI PAa3BUTHE MUKPO]IOPHI TIPO-
nykra [44]. Cpok roTHOCTH rOBSIIMHBI, 00pabOTaHHOW UM-
OUPHBIM TIOPOIIKOM (3MHTMOAMHOM), C TIOCIIETYIOIIINM MTPH-
rOTOBJIEHHEM 110 Sous vide yBennuuBaercs 10 10 Hezens
npu Temnepatype 4 + 2 °C. He ycTaHOBIICHO BIUSHUS BHE-
CCHMsI UMOMPHOTO MTOPOIIKA HA CHITY CIIBUTa, TEKCTYPY U
MHKPOCTPYKTYpPY 00pa3IoB.

HecMmoTpst Ha Mccie1oBaHus MO OLIEHKE BIUSIHUS TEM-
HepaTypsl 1 BpEMEHH IIPUTOTOBJIEHHS Ha CPOK FOAHOCTH,
OpraHoJIeNTHYECKNE U (PU3NKO-XUMHUECKIE CBOHCTBA MsCA,
TIPUTOTOBJIEHHOTO 110 TEXHOJIOTHH Sous vide, ocTaroTcs He-
JIOCTATOYHO W3y4YeHHbIMU. Ha 0TeuecTBEHHOM PBIHKE 3TO
3aTpyIHIET COBEPIICHCTBOBAHKE MPOIIECCA MOBBIIICHHS
KayecTBa TaKOH MPOAYKLMHU U BHEJPEHUE TEXHOJIOTHH
B MacCCOBOE HCIIOJIb30BaHUE. AHAIIN3 UMEIOIIETOCs OIBITa
1 MOJTy4CHNE HOBBIX PE3YNIBTATOB OyJET CHOCOOCTBOBATH
Pa3BUTHUIO TEXHOJIOTUH Sous vide B MUIIEBBIX OTPaCIsIX.

[TpoBeny rouck u aHanu3 3apyOeKHBIX U OTEYECTBEH-
HBIX WCCIIEIOBAHUI TexXHOJoTHH Sous vide, KOTOopbIe
OTIMCHIBAIOT PE3YJIbTAThl MUKPOCKOIIMYECKOTO aHAIN3a
10 ONPEJIENICHHIO BIUSHUS TEMIIEPATYPbl Ha CTPYKTYpPY
BOJIOKOH Msica B BakyyMHoH cpeze. I1o pesynpTaTam aHa-
mm3a 6osee 200 HCTOYHUKOB 3apyOeKHOI HAYIHOH JTHTe-
paTypsbl, HAXOSIIEHCS B CBOOOIHOM JIOCTYIIE, OBLIO OMpe-
JieneHo 9 paboT, KOTOPhIE BKIIOYAIOT TUCTOJIOTHIECKHE
nccaenoBanust. CX0XKHX MyOIUKaIMii poCCHIICKNX HCciie-
JioBateliell 00HapykeHO He ObLI0, KpOME TeX, YTO NPECTaB-
JIeHbl BhIIe. Ha 0000mMeHHN U CHCTEMATH3aliA UMEIO-
Ieiicst HayYHO-TeXHIYECKOH HH(POPMAIIHH 10 H3y4aeMOH
Teme (19802023 rT.) cocTaBIeH CBOIAHBIN MEPEUCHB MOKa-
3aTesieil, onpenesieMbIX UCCIIeJOBATEISIMY IIPY U3YUYSHUH
Ka4yecTBa MSICHBIX 1MONTy()padpruKaToB, IPUTOTOBIEHHBIX
o TexHoyoruu Sous vide (Tad. 2).

AHanu3 TabauIB! 2 TOKa3all, YTo B O0JIbIIEH CTETIEHN
N3y4eHBI T0KA3aTEIN Ka4ECTBA ChIPhsI M TOTOBOM MPOJIYK-
muu Sous vide w3 Msica TOBSIMHEI ipu peskumax 60, 70
n 80 °C. U3 yka3aHHOro nepeyHs rmokasaTesield uccie-
JIOBATEIH TPOSBUIIN UHTEPEC K MOTEPSM IPH TEIIOBOH
00paboTKe M PEOSIOTHYECKUM ITOKa3aTelsiM (yIpyrocTs,
PaCTsHKUMOCTB, )KEBATEIBHOCTD U AP.), U3 IPYMITEI MOpdo-
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METPUUECKUX MOKa3aTeNel — K ANaMeTpy BOJIOKOH, AJIHHE
capKoMepa, TIOMIAIN MTOTIEPEYHOT0 CEUSHNUS MBIIIICUHBIX
BOJIOKOH M IUIOIIAIN SKCTPaMUODUOPHILISIPHBIX MacC.

BrIsBiuIn HanM4Me OrpaHUYEHHOTO KOJIMYECTBA HC-
CJIC/IOBAaHUH, KOTOPBIC pacCMaTPUBAIOT KaueCTBEHHBIE U
CTPYKTYpPHBIE ©3MEHEHHS TOTOBOH MSICHOM MTPOJYKIMHU U3
TOBSIAMHBI, B T. 4. NPOXYKIUH Sous vide, HOABEPrHYTOH
Pa3IMYHBIM PEeXXUMaM 3aMOPaKUBAHUS U Pa3MOPaXKHBa-
Husl. [ToaToMy npoBesieHne JalTbHEHIIMX HCCIIeJOBaHUH B
JIaHHOM HaITPaBJICHUN CUUTaeM IienecooOpa3HbiM. Ompe-
JISTIMIIH T1aIla30HbI TEMIEPaTyphl TEXHOJIOTHH Sous vide,
KOTOPBIE SIBIISIIOTCSI HEM3Y4YEHHBIMH HJTH HEIOCTATOYHO
n3ydeHnbiMu: 50-59, 61-69, 71-79, 81 °C u Gonee. He
00OHAPYKMJIN NCCIIEIOBAHUN IT0 MUKPOCKOITHMYECKUM HC-
CJIC/IOBAHUSIM MsIca IO TEXHOJIOTHUH Sous vide 1 nx BiU-
SIHUIO Ha (hOopMUpOBaHKE OPraHOJICITHYECKUX CBOWCTB
FOTOBOM MPOIYKIMH.

Brlmeckazannoe 00yciiaBiIMBaeT akTyaIbHOCTh TIPO-
JIOJKEHUS U paclllUpEHUs] HAllpaBJIeHUH HCClle10BaHUI
TIPOIIECCOB TEXHOJOTHH Sous vide 1 MX BIUSHUS Ha HOPMH-
pOBaHKE KauecTBa TOTOBOH MPpoAyKInH. BaxHocTh 3TOTO
BOIIPOCA MOJITBEPIKIAETCS OTCYTCTBUEM HAIIMOHAIBHBIX
HOPMAaTHBHBIX JOKYMEHTOB, KOTOPbIE PETIIAMEHTUPYIOT
Ka4yecTBO M 0€30IMacCHOCTh MSICHOW MPOAYKIMH 110 3TOH
TexHoJoruu. [IpousBonurenu npoaykuuu Sous vide
CaMOCTOSITENTBHO (POPMUPYIOT TEXHOJIOTHIECKYIO TOKYMEH-
TAIHIO, TOATBEPKAAIOIIYIO0 ee O€30IacHOCTh, HO HEO0XOIH-
MOCTB Pa3pabOTKH €JMHOTO0 IT0IX0/1a U €IMHONH HOPMAaTHB-
HOH JOKyMEHTAIH (TOCYJapCTBEHHBIX CTAHAAPTOB)
OCTaeTCsl AKTYaJIbHOM.

MsicHas mpoXyKuusi, IPUTrOTOBICHHAs 1o Sous vide
B nuanazone temmneparyp ot 50-70 °C, mo poccuiickomy
3aKOHOJATEILCTBY OMPECIACTCA KaK HE JIOBEACHHAS
JI0 KYJIMHApHOM TOTOBHOCTH ¥ IPE/ICTABIISIONIAs TOTEH-
UAIBHYIO OnacHoCTh Juist notpedurenst. CornacHo 'OCT
P 50647-94 xynuHapHas TOTOBHOCTh XapaKTePU3yeTCs
COBOKYITHOCTBIO (PM3MKO-XUMHUYECKHX, CTPYKTYPHO-Me-
XaHUYECKUX U OPraHOJICITUYECKUX [TOKa3aTese. B ycio-
BUSX MPOU3BOACTBA KPUTEPHEM TOTOBHOCTH SIBIISIETCS
Temreparypa BHyTpHU npoaykra [45]. [0TOBHOCTb n3enuii
U3 Msica OTPEJIEIISIeTCsl BBIICIEHHEM OeCIIBETHOTO COKa
B MECTE [IPOKOJIA U CEPBIM LIBETOM Ha pa3pe3e NPOAyKTa, a
TaKKe TEMIIEPaTypoH B ToJIIe MpoayKTa. it HaTypaib-
HBIX PYOJICHBIX U3J/IeNUil TeMIeparypa J10/bKHa ObITh He
Hmke 85 °C; oHa ompeieNisaeT ero rOTOBHOCTh, 00eCTeyu-
BaeT MUKPOOHOIOTHYECKYO 0€30MTaCHOCTh M CPOKH TOTHO-
ctu. Ha npeinpusTHsX NHUIIEBOH TPOMBIIUIEHHOCTH, KOTO-
pbl€ UMEIOT aTTECTOBAHHYIO XUMHUYECKYIO JIab0paTopuio,
KyJIHHAPHYIO0 TOTOBHOCTh OTBAPHOM MSICHOM MPOIYKIINH
MOATBEPXKIAIOT OIPEEICHUEM OCTATOYHOH aKTHBHOCTH
¢docdaraser. Mexxaynapoanas opranusanus FDA (Food
and Drug Administration) onpenenuia MUHIMaJIbHYIO
TEMIIEpaTypy JUIS JOBEACHHS IO TOTOBHOCTH Msica TOBSI-
JUHBI — 63 °C B TOJIIE MPOAYKTA.

IIupoxuil 1uana3zoH TeMnepaTtyp U BpEMEHU IpU-
TOTOBJICHUS TPOAYKIMH TI0 TEXHOJIOTHH Sous vide, onm-
CaHHBIU B JINTEpAType, CO3/1aCT CIOKHOCTH U BBI3BIBACT
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Tabmuma 2. O630p pe3yabTaTOB HCCIECIOBAHNHN, OTYOTMKOBAHHBIX B HAYYHOU JTUTEpAType, MOKa3aTeIei MICHOTO CHIPhS
U TOTOBOI MPOAYKIIMK U3 Msica TOBSANHBI 110 TEXHOJIOTHH Sous vide mpu pa3HbIX TeMIepaTypax

Table 2. Quality indicators of raw beef and finished products after different Sous vide modes, by different authors

Temneparypa, °C

ITokazarenu

MsicHoe chipbe
6e3 TernoBoit
00paboTKH

50
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||+
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+
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+
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|+ ]+
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+
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[no1ma (b BHEKIETOUHBIX MPOCTPAHCTB
(ECSAX10%), Mxm?

V3MeHenue miommau
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% MBILICYHBIX BOJIOKOH U COCZLI/IHPITGJ]])HOP’I
TKaHHU

+
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[Torepu npu TernoBoit 06padotke, %

Ynpyrocts, cM

+

+

+

+

Pactsoxumocts, H/Mm?

+

+

+

+

Cwuna casura, H

JKesatenpHocTh, H

TR R R

Mognyns ynpyrocty, klla

Hauanpnoe Hanpsokenue, klla

Yeunue pezaHus/TBepaocts, H

R

++ |+ [+

o o S R S Vo N S

+

S R R S S

|

]+

|+

e

JIunkocts, H/em?

+

Kunetikocts, H-c
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HEOOX0ANMOCTb MTPOBECHNUS UCCICAOBAHMUI IPH TO100pe
PEKUMOB M TIapaMETPOB I KOHKPETHBIX ITPOJYKTOB.
Teopust 1 MexaHU3Mbl HOPMHUPOBAHUS U yIIPABICHUS
Ka4ecTBOM MPOAYKIIMH TI0 TEXHOIOTHU Sous vide 10 KoHIa
HE C(OPMHUPOBAHBI U TPEOYIOT HOTIONHEHHS H YTOYHCHUSL.
B 37011 cBS3M MPOBEITN UCCIICIOBAHUS IO U3yUCHUO BITHSI-
HUSI TEXHOJIOTHH Sous vide Ha Ka4eCTBO MSICHOH POy K-
UMy B quanaszone temmepatyp 57 u 64 °C B cpaBHEHUHU
¢ 80wu 100 °C.

[{enbro pabOTHI SABJSUIOCH U3YUCHHUE BIIMSIHUAS 3a1aH-
HBIX PSKUMOB TEXHOJOTHH Sous vide Ha (opMHIpOBaHUE
Ka4yecTBa MPOJIYKIIUU U3 MsICa TOBSIIUHBI ITyTEM MPOBEJIC-
HUS TUCTOJIOTUYECKOTO M OPTaHOJCITUYCCKOIO aHAIH3a.

OO0BbeKTBI U METO/bI HCCIEJ0BAHUS

OOBEKTOM HCCIIeIOBaHUS SBIISIIOCH MSICO Ta300e/-
PCHHOM YacTH TOBSIIWHBI, XpaHHUBIIIEeCS B TCUCHHE 48 1
noce yoost mpu temriepatype ot 0 1o 4 °C. Beibop nan-
HOTO BHJIA CHIPbsi OOYCIIOBIICH TE€M, 4TO OOJbIIAs 4acTh
Msica TOBSIIMHBI, TIOTPEOISIEMON HACEIICHUEM, SIBIISCTCS
HU3KOCOPTHBIM, T. K. OHO BBIPA0OTaHO U3 MOPOJ, Ipe/-
Ha3HAYEHHBIX JJIS IPOU3BOCTBA MOJIOKA. Pa3Hble yacTu
TYIIH OTJINYAIOTCSA MEXILy COOOM CTENEHBIO KECTKOCTH —
OenpeHHast YacTh TOBS/INHBI SIBJSETCS TOCTATOYHO KECTKOH,
MIO3TOMY MPEJCTABISAET UHTEPEC ISl MCCIEeIOBAHUS.

Jlns1 onpeniesieHust U3MEHEHU MUKPOCTPYKTYPbI Msica
TOBSIJMHBI UCCIIEIOBAHUIO ITOJIBEPTaN CIEAYIOMHNE 00-
pasipl: Msco cbIpoe, oTBapHOe Msco npu 100 °C B Teue-
HUe 2 9 (B COOTBETCTBUH C PEKOMEHIAUAMHI COOPHUKOB
perentyp), OTBapHOE MsICO TI0 TEXHOIOTHH Sous vide mpu
57 n 64 °C B reuenue 24 4, 80 °C — 12 u. OxnaxacHHbIC
IOCJIe TIPUTOTOBJICHHSI 00Pa3Iibl 10 TeMIiepaTypbl 4—6 °C
M0/IBEPTaIn KPHO(pUKCALIH, TIOCTIE YET0 UX HApE3aIH
Ha aBTOMAaTHUYECKOM MHUKpoTOoM-kpuocrtate MCM-3500
Ha KyCOYKH TOJMIIMHON 10 MKM, OKpaIIuBajy reMaTok-
CHJIMH-303MHOM M MTOMEIIAIN 0] TOKPOBHBIE CTEKJIa
JUISL TIPOBEJICHHS] THCTOJIOTHH.

OlLeHKy TMCTOJIOTMYECKHUX CPe30B 00pa3LoB Msica
TOBSIZIMHBI TIPOBOJIMIIM Ha OCHOBE aHanm3a ¢ororpaduit
¢ obmmm yBemmaerueM ot x40 no x100. @ororpadru noiy-
YHJIIM TIPH IOMOIIN OMOJIOTHYECKOT0 MUKPOCKOIA MapKU
«Muxkpomeny ¢ Bunieookysipom ToupCam 5,1 Mk B rpo-
XOJISIIIEM CBETE MO METO/TY CBETOBOTO HOJIs. OTpeiesiiu
COCTOSTHHE MBIIICYHBIX BOJIOKOH M UX U3MEHEHHs B I1PO-
1[ecce TEIIOBOH 00pabOTKM MPH Pa3HBIX TEMIIEpaTypax.
JInHeitHbIe pa3Mephl MBIIIEYHBIX BOJIOKOH U APYTHX CTPYK-
TYp Msica TOBSIIMHBI YCTaHOBHJIM IIPH ITOMOIIM IPOTPaMMBbI
ToupTek ToupView (Bepcust x64, 4.7.14011.20190228).

OpraHonenTHIecKui aHATH3 TPOBOAMIIH ITyTEM PaHKH-
poBanwus ¢ ygactueM 30 sxcrieprtos. [IpenBapurensHo npu-
TOTOBJICHHBIC M OXJIQKACHHBIE 00pa3iibl MOBTOPHO HAar-
peBanu Ha BogsHOI 6ane npu 60 °C B Teuenue 10 MuH
TIOIaBAITH SKCIIEPTaM JUTS OLIEHKH B OIHOPA30BOM 1ocy/Ie.
JUi1s1 KaXKJI0T0 ulieHa SKCIIEPTHON KOMUCCHH 00pa3iam ObLI
MIPUCBOCHBI CIy4aiiHbIC TPEX3HAUHBIE YNCIIA, & MOPSIIOK
00pa3moB ObLT paHAOMI3HPOBaH. Kax bl peHTHHT OBBIN
TecT OB pa3felieH Ha 4 moka3aTelns: IIBET, 3amax, KOH-
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CHUCTEHIIMSI HAa HE)KHOCTh M COYHOCTh. PaHkmupoBaHne
1BeTa OBIJIO OT CaMOT0 TEMHOTO (= 1) 10 caMoro sSIpKoOTo
(=4), oT HauMeHee HACBIIIEHHOTO (= 1) 10 HACBIIIIEHHOTO
3amaxa TOTOBOW OTBapHOM TOBAOUHEI (= 4), HEKHOCTh
OT caMoi xecTKoH (= 1) 1o camoit HexxHOH (= 4), COUHOCTh
oT camoii cyxoii (= 1) o camoii counoit (= 4).

PesyabTaThl U HX 00CykKIeHHE

OOBEKTOM JUIsl IPOBEACHUS I'MCTOJIOIMYECKOTr0 aHa-
JI3a TI0 U3MEHEHUIO0 MUKPOCTPYKTYPBI MsiCa TOBSIIUHBI
o TexXHOJOruH Sous vide ObITH 00pa3Ibl, OTHOCSIIHECS
K ITOTIEPEYHOIT0I0CATOM MBIIIIEYHON TKaHH, KOTOpast SBJIs-
©TCsl OCHOBHOM B MsICE YOOMHBIX )KUBOTHBIX. Y KPYITHOTO PO-
raToro cKoTa JaHHas TKaHb coctaBisieT 49—68 % macchl
BCel Tynu. B ocHOBe cTpoeHus nonepeyHonoiocaToi Mol-
[ICYHOU TKAHM JIEXKAT MOIIEPEUHOIOIOCATHIE MBIIICUHBIE
BOJIOKHA B BUJIC TOHKHX ¥ JUTHHHBIX IFTHHAPOB C TYTIBIMH
WIN clleTKa 3a0CTPEHHBIMHM KOHIIaMU. J{JTHHa BOJIOKOH
KOJIeOJIeTCSI OT HECKOJIBKMX MUJUIMMETPOB J10 15 cm, ua-
MeTp — ot 10 1o 150 Mxm. OOBeTMHEHHBIE TPOCIOKaAMH
PBIXJION COCOMHHUTEIHHOW TKAHU (PHIOMHU3UEM) ITyYIKH
TaKHUX BOJOKOH COCTaBIISIIOT OTAENbHbIEC MBITIIIEI [46, 47].
B xak10M BOJIOKHE Pa3IHyaioT capKoyieMMy (HapyKHYIO
000II0YKY ), KHUIKYIO CApKOIIa3My, Sapa, MUO(QUOPHILIBI
(cokpaTHTeIbHBIC OPraHeIUIbl C PETyJISIPHO TTOBTOPSIIO-
Ie¥cst opranuzanyeit) u ap.

l'oToBEIE THCTOOTHYECKUE CPE3BI MSICA TOBSIUHBL,
MIOJY4YEHHBIE TIPU 3aJIJaHHBIX PEKUMax 00pabOTKH, MOA-
BEPIJIM UCCIIEA0BAHHIO CTPYKTYPHBIX N3MEHEHHUH MbIIIICY-
HBIX BOJIOKOH, BUAMUMBIX IIPH MPOBEICHUH CBETOBOTO
MHUKPOCKOITUPOBAHHUS CO CTETICHBIO yBEIMUCHHS 00bEK-
TuBoB x40, X100 u ¢ okynsapom Ha X10. KauecTBeHHbIe
M3MEHEHHSI B MUKPOCTPYKTYpax 00pas3IioB IPeICTaBICHBI
Ha MUKpodoTorpadusx GUKCHPOBAHHBIX CTPYKTYP B IOIIE-
pedHoM (puc. 2) u MpoAOIBHOM (pHC. 3) cpe3ax, OKpaIieH-
HBIX TeMATOKCIITHHOM M S03HHOM.

AHanu3 oKasal, 4To B CBIPOM MsICE OTCYTCTBYIOT Ha-
PYILIEHHUS EJIOCTHOCTH BOJIOKOH, OHHU TUIOTHO TIPHJIETal0T
ZIPYT K APYTY, @ Ha TIONIEPEYHOM Cpe3e BHUIHA WX IUIOT-
HOCTB — YETKO O4YePUCHBI T'PaHHIIBI BOJIOKOH. S apa pacrio-
JIOXKEHBI TPEUMYIIECTBEHHO Ha TIepu(epruu MbIIICUYHBIX
BOJIOKOH TI0JT CAPKOJIEMMOH, €IMHUYIHBIE S7IPa, OT/ICTHUBIIIN-
€csl OT BOJIOKOH B TIPOIIECCe HAPE3KH CPEe30B, HAOTIOIAI0TCS
B MEKKJIETOYHOM IpoCcTpancTBe. OTYETINBO BUIHA PhIXJIast
COEJIMHUTENbHAS TKAaHb MEX/1y BOJIOKHAMHU U UX ITyYKaMH
(PHDOMU3WH U IEPUMU3HI).

[Ipornecc Bapku MPUBOAMT K YBEIWYCHHIO pa3Mepa
MEXKIIETOYHOT'0 TPOCTPAHCTBA U U3MEHEHHSIM CTPYKTYPBbI
BHYTPHUMBIIICYHOHN COeANHUTEIHHON TKaHU: K CMOPIIIHBA-
HUIO M PACTBOPEHHMIO. Y BeIIMYEHHE TUIOLIAIM MEXKKIIETOU-
HBIX TIPOCTPAHCTB HAOIIOAAaCTCs Y 00pa3IioB MOCIIC BApKH
npu 100 °C (2 g). Taxxe crneayeT OTMETHTD yCa Ky BOJIOKOH
TIPH BapKe TPaJUIHOHHBIM CIIOCOOOM H HX JiepopMariuio —
9TO BU/IHO Ha ITPOJIOJILHOM U MIOTIEPEYHOM Cpe3ax COOTBET-
cTBeHHO. COeTMHUTENBHYIO TKaHb OBLIO TPYIHEE Pa3INIUTh
B IIPUTOTOBJIEHHBIX Sous vide obpasuax npu 57 °C (24 ).
B ocranbHBIX 00pa3iax NepuMH3Hi MOKHO OBbIIIO UICHTH-
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Cripoe MsCO

Bapka, 100 °C,2 a4  Sous vide, 57 °C, 24 u Sous vide, 64 °C, 24 u Sous vide, 80 °C, 12 4
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Pucynok 2. ®ororpadun cBeTOBON MUKPOCKOIUHU MOTMEPEYHBIX CPE30B MBIMICYHBIX BOJIOKOH MsiCa TOBSIUHBI IPU
HCCIEeTYEMBIX peXIMax 00paboTKu ¢ o0muM yBenndeHneM n3oopaxkenuid X40 u x100; okpacka reMaTOKCUINHOM
U D03UHOM

Figure 2. Cross sections of beef muscle fibers under different processing modes: hematoxylin and eosin staining,
light microscopy at x40 and x100

Bapka, 100 °C,2 4 Sous vide, 57 °C, 24 4 Sous vide, 64 °C, 24 u Sous vide, 80 °C, 12 u

Pucynoxk 3. ®ororpadun cBeTOBOW MUKPOCKOIHH ITPOJOILHBIX CPE30B MBIIIETHBIX BOJIOKOH MsACa TOBSIUHBI IIPU
HCCIEeAYEMbIX peXIMax 00paboTKu ¢ oOmuM yBenuueHneM nzoopaxkennit x40 u x100; okpacka reMaTOKCHINHOM
U 303UHOM

Figure 3. Longitudinal sections of beef muscle fibers under different processing modes: hematoxylin and eosin staining,
light microscopy at x40 and x100

(bUIMPOBaTh, HECMOTPS Ha €r0 YBEIMYMUBAIOILYIOCS PACTBO-
PUMOCTB C TEMIIEpPATypOil U BpeMEHEM ITPUTOTOBJICHHUSL.
Ha nonepeunom cpese 06pa3noB, cBapeHHBIX Sous vide
mpu 57 °C, BUAHO CxKaThe BOJOKOH, Kak u npu 100 °C —
MX JIMAMETP BU3YaIbHO MEHBIIIE 00Pa3I0B, TOABEPTHY THIX
Bapke 1oz BakyymoM ipu 64 1 80 °C. Ha npozonsHOM cpese
y 00oux 00pa3oB BUIHO, YTO BOJIOKHA IUIOTHBIC, HO TIPU
57 °C oHM OTHOCHTEIILHO pOBHBIE, a mpu 100 °C Habsr0-
naercs geopMarius U pa3opBaHHOCTb.

W3-3a paspymieHust BOJIOKOH yBEIHMYMIOCH BEICBOOO-
JKJICHHE SI7IEp B MEXKKIIETOYHOE ITPOCTPAHCTBO, YTO BUIHO
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Ha TIPOJIONBHBIX Cpe3ax CBapeHHBIX 00pa3moB. Hanbomns-
NI BBIXOJ SIA€P B MEXKKIIETOYHOE TPOCTPAHCTBO Ha0III0-
naercs y 00pasnos, ceapeHHbix ipu 100 °C. Haunbounbras
CTENEHb Pa3pyLICHHs BOJIOKHUCTBIX CTPYKTYp OTMEYEHa
mpu Bapke 1o texHosoruu Sous vide mpu 80 °C B Teue-
Hue 12 4: BOJIOKHAM Tpy/JHEE COXPaHATh CBOIO LEJIOCT-
HOCTB, TI03TOMY TI0CJIe Hape3KH Cpe30B Ha MUKpodoTorpa-
(husx HAOIOJAFOTCS MMOTIEPEUHBIC PA3PBIBBI IJTHHON OCH
BoJIOKHA. [lo/100Has cTeneHp pa3pylIeHUs] M Pa30pBaH-
HOCTH HaOuogaeTcs y 00pasnos, cBapeHHbIX Sous vide
nipu 64 °C B Teyenue 24 4. Y 060ux 00pa3oB OTMETHIIH
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MIPOSIBIICHUSI TPAHYJISIIUHN TTEPUMHU3HS U CAPKOJIEMMBI
13-32 ICHaTypUPOBAHMS BHY TPHUMBIIIEYHON COCIMHUTEIb-
HoM TKaHU 1 MuopuOpuiI. [locie Bapku Sous vide mpu
80 °C 00pazoBaHUs 3ePHUCTHIX MACC CHIIbHEE 3aTIOTHIIH
MIPOCTPAHCTBO MEKIY ITyYKaMHU BOJIOKHA, ueM nipu 64 °C.

JlaHHBIE, TpeicTaBICHHBIC B TAOIUIIE 3, B KOJIMYECT-
BEHHOM BBIPa)KEHUHN TTOATBEPIK/IAIOT ONHCAHHBIC BBINIE
KaueCTBEHHbIE U3MEHEHHSI B MUKPOCTPYKTYpax oOpas-
110B. HamBbICIIME 3HAUEHHSI PACCTOSIHUS MEX/Ly MbIIICU-
HBIMH BOJIOKHAMHU OOHAPYKHWIJIN y 00pasIoB, CBapeH-
vEIX Tipu 100 °C: 75,14 + 36,18 MKM B ITOIIEpEYHOM,
130,19 + 93,82 MKM B TIPOJOIBHOM Cpe3ax, HAMMEHb-
e y 00pasios, cBapeHHBIX Sous vide mpu 57 u 64 °C:
50,61 + 19,46 n 63,73 + 21,75 MxM B moniepedrom, 84,17 +
33,69 u 76,50 + 27,55 MKM B IIPOJIOJIEHOM Cpe3ax COOT-
BeTcTBeHHO. CpeiHuil ArnaMeTp BOJIOKHA B CHIPOI TOBS-
nuHe coctaBm 127,93 £ 25,61 MxM, a B BapeHOM (B cpe-
HeMm) — 106,14 + 8,24 mxm. Kak muamerp, Tak U IIomaib
MOTIEPEYHOT0 CEUEHNUSI MBIIICYHBIX BOJIOKOH YMEHBIIAINCh
IIPU BapKe, 4TO TOATBEPKAAET CXKUMAHHIE BOJIOKOH, BUJIU-
MBIX Ha CHUMKaX. B nccnenoBanum cTpyKTYPHBIX H3Me-
HEHU TaliCKOW rOBSIAMHBI aBTOPbl OTMETUIIN JAHHOE
SIBJICHNE U TIPEJIIOI0KIIN, YTO 3TO CBA3AHO C yMEHbIIIE-
HueM MuohudpmwIIApHOit Maccs [44]. Hanbonprmas more-
peuHas yca/ika BOJIOKHA HAO01aeTCsl B 3HAUCHMSAX MTOKa-
3aTens «ToauuHa BOJOKOH» NPU JBYX4acOBOM Bapke
mpu 100 °C — 52,44 £ 13,53 MKM, 9TO B CpeTHEM MEHBIIIE
B 1,5 pasa B cpaBHeHHH ¢ oOpasamu Sous vide. Hapsmy ¢
ycankoi u nedopMmaririei BOJIOKOH, TP BapKe TPaJIHIIN-
OHHBIM CITOCOOOM OTMedaeTcst HanOOoIIbIIee CKOTUICHHE
BOJIOKOH Ha uomiamu B 0,25 mm? (B cperem 99 + 16 MiMm).
DTO MOXET OBITH CBA3AaHO C JAepparMeHTaIed MBIIIey-
HBIX BOJIOKOH U HEPABHOMEPHBIM IUIOTHBIM IIPUJIETaHHEM
ITy4YKOB APYT K APYTY.

OpraHoNenTHIECKUH aHAIN3 00pa3IoB, TPUTOTOBIICH-
HBIX 10 TEXHOJIOTHH Sous vide, TPOBOIMIN B CPABHEHUH

C KOHTPOJBHBIM 00pa3IioM Msica TOBSIUHBI (BapKa IpH
100 °C, 2 9). YcTaHOBIEHO, YTO IIBET 00PA3IIOB MsICa TOBSI-
nuHEI 110 Sous vide 6bUT 60Tee HACHIIIEH, BKYC BBIPAXKEH,
KOHCHCTEHIUSI OoJiee HEXXHAsl M COYHAs 0 CPABHEHHIO
¢ KoHTposeM. OpraHoJenTHIecKue MPOMHIN MOy IEHHBIX
00pa3IoB OTBAPHOTO Msica MPEICTABICHBI B TAOIHUIIE 4.

CpaBHHUTEIBHBIN aHATTN3 TIOKA3aJ, 9TO 00pa3Ibl Msca
TOBSIMHBI, IPUTOTOBJICHHBIE TI0 TEXHOJIOTHH Sous vide,
MMEIOT MPENMYIIECTBA 110 OPTAHOIENTHIECKUM MOKa3a-
TEISIM B CPABHEHHH C KOHTPOJIBHBIM 00pa3IoM, IPUTOTOB-
JICHHBIM TI0 TPAIUIMOHHON TexHoiornu. Omenka oopas-
IIOB MsIica TOBSIAMHEI IO TEXHOIOTHN Sous vide 1mo 5-6ai-
JTFHOH IIKaje mpecTaBieHa B Tabmuie 5. B ocHOBY mpo-
BE/ICHHsI OPTaHOJIETITHYECKON OLIEHKH MPOIYKIUH Sous
vide monoxens! TpeboBanus 'OCT 9959-2015.

O6pasusl, mpuroroBienHsie npu 80 °C (12 1), OpuH
Ooree HEKHBIMH, YeM 00pa3iel ipu 57 u 64 °C (24 49). YV
00pa3ioB Sous vide KOHCHCTEHIINS IO COYHOCTH U HEKHO-
CTH YMEHBILIAETCS B CTOPOHY MEHBIINX TEMIIEPaTyp. ITO
COTJIACYETCsI C Pe3yIbTaTaMU THCTOJIOTHUECKUX HCCIIE0-
BaHuii (puc. 2 u 3). O6pa3upl, NPUTOTOBIECHHBIE ITO Sous
vide, umeroT 6osiee BBICOKHE OaIIBI 110 IIOKA3aTEII0 COY-
HOCTH (3,29-3,74) B CpaBHEHHH C OTBAPHOM TOBSIIUHON
npu 100 °C (1,96). O6pasus Sous vide ObLTH OIIEHEHBI
o BKycy HIKe (2,63-3,14), ueM oTBapHBIE IO TPaTUIIH-
oHHOMY crioco0y (3,76). Tak xak TexHoJOTHS Sous vide
MIMPOKO HE MPUMEHSETCS JUISl IPUTOTOBJICHUS MACHON
MPOAYKINH Ha NPEANPHUITUAX MUTAHUS U OTCYTCTBYET
B ACCOPTUMEHTE Ha PBIHKE, TO MOXKHO MPEIIOI0KHTS,
YTO JUIS SKCIIEPTOB OOJIee MPUBBIYEH BKYC OTBAPHOM TOBS-
JIUHBI, TIOATOMY OHH OIICHWJIH 3TH 00pa3isl Boime. O6-
PpasIbl, MPUTOTOBJICHHBIE TI0 TEXHOIOTHH Sous vide, 1o
TaKUM TOKa3aTelsIM, KaK BHEITHUI BUJL U KOHCUCTEHITHS
(HE)XHOCTH U COYHOCTH), UMEIOT JIy4IIne TTOKa3aTelu,
B OTJIMYKE OT 00Pa31I0B, IPUTOTOBICHHBIX TPAAUINOHHBIM
cnocobom mpu 100 °C.

Tabmuua 3. MopdomeTprueckue moKa3aTeau Msca CHIPOil TOBSIMHBI ¥ TOBAIUHEL, MIPOIIEANICH TEIIOBY0 00paboTKy 1Mo
TPaaUIHOHHON TEXHOJIOTUHU U Sous vide

Table 3. Morphology indicators of raw beef, beef after conventional thermal treatment, and beef processed by Sous vide

O0pa3bt g be3 Temnoroit Bapka mpu | Sous vide npu | Sous vide npu | Sous vide npu
ITokazarenu a g 00paboTKH 100 °C, 2 g 57°C, 244 64 °C,24 1 80°C, 124
@]
S
TonmuHa BOJIOKHA, MKM Sl — 52,44 + 13,53 | 75,50 £ 13,19 | 79,88 £ 17,73 | 79,63 £ 16,80
JluameTp BOJIIOKHA, MKM S| =1127,93£25,61| 99,36 £ 15,03 | 99,27 £ 14,94 | 115,93 £ 24,37 | 109,99 + 19,70
[Tnomanp monepeyHoro ceyeHust =| 13,35+5,02 7,92 +£2,37 791 +£2,33 11,01 £4,52 9,79 + 3,55
BoJIOKHa, (S, *x107), MM’ %
PaccTosiHie MeX/y MBIIICYHBIMU S I - 130,19 +93,82 | 84,17 +£33,69 | 76,50 £27,55 | 102,27 + 55,50
BOJIOKHAMH, MKM —|=| 74,65+29,70 | 75,14 £36,18 | 50,61 £19,46 | 63,73 £21,75 | 67,34 £45,02
KoanuectBo BosiokoH B 0,25 mm? g = 48 +7 99+ 16 75+ 70 55+ 10 71+70
Ipumedanus: || — OpOIOIBHBINH CPE3; = — MOMEPEUHBIH CPe3.

Note: || — longitudinal section; = — cross section.
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Tabnuua 4. OpraHoyientuyeckue NpoPUIN Msica TOBAIUHBI IPU PA3HBIX PEKUMAaX U MapaMeTpax TEIIOBOKH 00paboTKu

Table 4. Sensory profiles of beef under different modes and parameters of thermal treatment

O06pasupl

OpFaHOHeHTI/I‘{eCKHe IIOKas3aTein

Bapxka 0CHOBHBEIM CLIOCOOOM:

100 °C, 24

Buenrnnii Bu: gopma crelika, coxpaHeHHas Ipu Hapeske, 0e3 nedopmarmn
LIBeT: 0T TEeMHO-KOPUYHEBOI'O C KPACHBIM OTTEHKOM JI0 CEPO-KOPUYHEBOIO
C JKEJITBIM OTTEHKOM
3amax: COBETYIOLIUI BapeHO roBsiiuHE, YMEPEHHBIN
Bkyc: oTBapHOr0 Msica FOBSAUHBI, IPECHBIN U BBIPAXKECHHBII
KoHcucTeHIus: MOBEPXHOCTh MsCa OILLYIIAETCS CYXOH U KeCTKON, BHYTPU —
MICO TUIOTHOE, HEMHOT'O CyX0€

Sous vide: 80 °C, 12

Bremmunii Bun: gopma creiika, coxpaHeHHas IPH Hape3Ke, IPHILTIOCHYTas;
TIOBEPXHOCTH CIJIETKA BIIayKHAS
[[BeT: KOPUIHEBHIH C KPACHBEIM OTTEHKOM
3amax: COOTBETCTBYIONIHI BapEHOH TOBSINHE, HACHIIICHHBII
Bxyc: BapeHO rOBSAMHBI, TPUATHBIN
Koncncrennust: cHapyku 1 BHyTPH MsICO OYEHb MATKOE U COYHOE,
TEKCTypa OILIYIAeTCs OXHOPOTHON

Sous vide: 64 °C, 24 4

Bueurnuii Bua: popma crelika, COXpaHEHHas! IIPU Hape3Ke, MPUILTIOCHYTasT; TOBEPXHOCTh
ClIerKa BIaKHas ¢ HeOOUIBIMMY 110 G0KaM (hparMeHTaMH KoaryJIMpoBaHHBIX OEIKOB

[IBeT: oT KOPUYHEBOTO 10 KOPUIHEBO-KPACHOTO
KoHcucTeHIns: CHapyKH U BHYTPH MsICO TaKXkKe MATKOE U COYHOE, HO OoJIee MIOTHOE,

3amax: COBETYIOIUI BapeHO! roBSIMHE, HACHIILICHHbIN
Bkyc: BapeHO# roBsiiMHBL, IPUATHBIN

OILIYIIACTCA BOJJIOKHUCTOCTDH

Sous vide: 57 °C, 24 4

Brenrnnit Bua: opma creiika, COXpaHeHHas IPH HApe3Ke, IPUILTIOCHYTAsT; TOBEPXHOCTh
CJIETKA BIIAYKHAS ¢ ()parMEHTAMH KOATyJIMPOBAHHBIX OCIIKOB
L[BeT: OT CBETIIO-KOPUUHEBOTO 10 KOPUYHEBO-KPACHOTO
KoHcucTeHIuMs: CHapy» ¥ U BHYTPH MSICO JIOCTaTOYHO MSATKOE U COYHOE, TEKCTypa Ooliee
IJIOTHASI U yIIPYTast, HO IIPH ATOM HEXHast
3amax: COBETYIOUINI BapeHOl roBsiIuHe, HACHIIICHHBIN
Bkyc: BapeHO! roBsAMHBI, IPUATHBII

Tabnuua 5. bannpHas oleHKa OpraHOJNENTHYECKUX MoKazaTenei 00pa3oB Msica TOBSIIUHbI

Table 5. Sensory assessment of beef samples, score

IToka3zarenn O06pa3supbl
Sous vide: 57 °C, 24 u Sous vide: 64 °C, 24 u Sous vide: 80 °C, 12 u Bapka ocHOBHBIM
criocodom: 100 °C, 2 g4
Lser 3,71 40,96 4,01 +0,84 2,85+ 0,89 1,91+ 1,06
Bkyc 2,63+ 1,11 2,88+ 1,03 3,14+ 1,11 3,76+ 1,23
HexmocTs 3,63+0,95 3,89+ 0,95 436+0,95 1,48+ 0,68
CouHoCTh 3,29+ 0,85 3,74+ 0,84 3,68+ 1,09 1,96 + 1,00
BoiBoabI HOCTb IOKa3aTesel KayecTBa MPOAYKIMU U3 Msca rOBs-

O030p JaHHBIX HAyYHOW JIUTEpaTypbl OKa3all rep-
CIIEKTHBHOCTH TIPUMEHEHHUS TEXHOJIOTHH Sous vide B mpouns-
BOJICTBE IMHUIIEBOM MTPOITYKIINH, YTO ONPEIENIieT HHTEPEC
HCCleZIoBaTeNell K N3YUYeHHUIO Pa3HbIX aCIIeKTOB (POPMHUPO-
BaHMSA U COXpaHEHHUs ee kadecTBa. OOOOIIMIN Pe3yIbTaThl
UCCIICIOBAaHUH BIHSHUS (PaKTOPOB (TeMIIepaTypa, Bpems,
OCOOCHHOCTH UCXOJ/IHOTO ChIPbsl, CTEIIEHb CO3PEBAHMS
Msica, YCJIOBHUS IIPUTOTOBJICHUSI TOTOBOW TPOIYKIIMU H
€e XpaHeHHUs | T. J.) Ha mporiecc GOPMUPOBAHUS TIOTPE-
OMTENILCKUX CBOWCTB MSICHOM TPOYKIHH.

OmHako 00BEKTHI M IKCTIEPHIMEHTATFHBIC UCCIIEIOBA-
HUSI HOCSIT JIOKQJILHBIH XapaKkTep, YTO CBUJIETEIBLCTBYET O
eNIeCOO0PA3HOCTH PACIIUPEHHS TPAHUYHBIX YCIIOBHIH,
MUMEIOIINXCSl B IUTepaType. BoIssBUIN Maylo M3y4eH-
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JIUHBI, TIPUTOTOBJICHHOM 110 TeXHOJIOrHH Sous vide, MeTo-
JIOM THCTOJIOTHYECKOTO aHayn3a. OTIMYUTEIbHBIMU Pe-
JKUMaMH TE€XHOJIOTHH OT U3BECTHBIX MPU OPraHU3alUH
uccaenoBanuii ABsuUch 57 u 64 °C (24 u), 80 °C (12 1)
[IPUMEHHUTENBHO K O0BEKTY — KPECTIIOBON YaCTH TYIIH
roBsiiiHbl. COOCTBEHHBIC UCCIICIOBAHUS MTO3BOJIWIN yC-
TaHOBUTH BJIMSIHUE 33JIaHHBIX PEKUMOB Ha CTPYKTYP-
HbIC U3MCHCHHUS MsICa TOBSAMHBI HA MUKPOYPOBHE U Ha
MOKA3aTeNId COYHOCTH U MSITKOCTH IIYTEM CPaBHUTEIb-
HOW XapaKTePUCTUKHU PE3YIbTATOB MUKPOCKOITUPOBAHHS
CBIPbsSI U TOTOBO# MTPOTYKIIHH.

Pe3ybTaThl COOCTBEHHBIX TMCTOJIOTMYCCKUX UCCIIC-
JIOBaHMH TTOKa3aiu, 9To mporiecc Bapku mpu 100 °C mpu
paccMmarpuBaeMbix pexumax Sous vide (57, 64 u 80 °C)
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MIPUBOJUT K YBEJIIMUEHHIO Pa3Mepa MEKKIETOUHOTO TPO-
CTpaHCTBA M PACTBOPEHUIO COSAMHUTENbHON TKaHuU. [1o-
Ka3aHo, YTO YEM BBIIIC TEMIIEPATypa, TeM 3HaUYUTEIbHEE
HabJo1aeMble U3MEHEHUS. Y Msica, IPUTOTOBICHHOTO
npu 100 °C (TpaguunonHast Bapka), Oojee BbIpakeHa
ycanka u ae(opMaIisi MbIIICUHBIX BOJIOKOH, YTO B KOJIU-
YEeCTBEHHOM BbIpakeHHH B 1,5 pasa Bbllle, 4eM y o0pas-
oB Sous vide. B ycnoBusx Bapku mo TeXHOJIOTHH Sous
vide HarOOJBITYIO CTETICHb Pa3pyIICHHUS BOIOKHUCTBIX
CTPYKTYp HabIo1a)u B 00pasiiax, MPUTOTOBICHHBIX MPH
80 °C B reuenue 12 4. C NOBBIILIEHUEM CTENEHU pa3pylle-
HUSI MBIIICYHBIX BOJIOKOH OOHAPY KU YBEJINYECHHUE BbI-
X012 s7iep B MEXKJIETOYHOE IIPOCTPaHCTBO. [IposiBieHus
TpaHyJIALUHN TEPUMU3US U CApKOJIIEMMBI y 00pa31ioB Sous
vide ormetunu nipu 64 u 80 °C. nsg mocneaHux obdpa-
30BaHME 36PHUCTHIX MACC, 3ATIOJIHSIOINX IPOCTPAHCTBO
MEXy ITyJKaMH MBIIIEYHBIX BOJIOKOH, 00JIee MHTEHCHB-
Hoe. Pe3ynbraThl nccnenoBanuii 006pa3mnos Msca Sous
vide METO/IOM THCTOJIOTHH BBISIBHIIM 3aBHCUMOCTH CTe-
[IEHH pa3pyLIECHHs BOJIOKOH OT TEMIEpaTyphl B IIOPsAKE
yosiBanust: ipu 80 °C — npu 64 °C — npu 57 °C.

[Mpouecc hopMupoBaHUsI COUHOCTH MSACHBIX TONTYy(]a-
OpUKaTOB OTpa)kaeTCs B PE3yJIbTaTaX OpPTraHOJENTHYe-
CKOH OLIeHKH. Pe3yibTarhl Mccaea0BaHuil OKa3aiu, 4YTo
HanOoJiee BBICOKHE ITOKA3aTeNIM KOHCUCTEHIINH IO COY-
HocTH MMenu ob6pasusl Sous vide npu 64 °C B Teyenue
24 4, no HexHoctH — ipu 80 °C B Teuenue 12 4, HaUMEHb-
e (1o o6onm nokazaressim) — npu 57 °C B Teuenue 24 u.
O0pasiipl, nomyueHHble mpu 80 °C B Teuenue 12 9, mo moka-
3aTeli0 KOHCUCTEHIIMU «COYHOCTBY XapaKTepPH30BAIUChH
OIICHKOW CPETHSISI/BBIIIE CPEHEH.

O0600mIeHNE PE3yNbTATOB UCCIICAOBAHUN U HX aHAJIH3
BBISIBUJIO TIPOTHBOPEUNE MEXK/Ty BO3PACTAHUEM CTETICHH
pa3pylIeH!s] BOJIOKOH TIPH YBEIMUYCHUH TEMIIEPATYPHI U
(hopMupOBaHHMEM ITOKa3aTessi KOHCUCTEHINS (COYHOCTD U
HexkHOCTB). O6pasipl Sous vide pu 64 °C u 24 1 nmenu

CaMyl0 BBICOKYIO COYHOCTB, HO 00JIa1any MeHbLIeH cTe-
MEHBIO Pa3pyLICHHsI MBIILIEYHOTO BOJIOKHA, YeM 00pas3Libl
mpu 80 °C (12 1), KOTOpbIe OBLTH MEHEE COUHBIMH, HECMO-
TPs HA HATMYUE MHOTOYHMCIICHHBIX Pa3pYIICHUI MbIIICY-
HBIX BOJIOKOH. MBI cCUMTaeM He0OXOAMMBIM MPOJOIDKCHUE
HCCIJICIOBAHUIT B 9TOM HAIPABJICHHUH U IIPUIJIAIIAEM HPO-
(WIBHBIX CIICIMAIUCTOB K AUCKYCCHH.

Kpurtepuun aBTopcTBa

A. A. Koxkmapos u JI. A. MaropHukosa — pa3zpabor-
Ka KOHIENIUHN U JU3aiiHa NCCIIe0BaHNS, aHAIN3 U MH-
TepIpeTanus JUTEepaTypHBIX TaHHBIX, HAllUCAHUE CTa-
1pu. A. JI. IlmacTys — cOop ¥ aHATU3 JTUTEPATYPHBIX
JIaHHBIX, BBIITOJIHEHNE JIAOOPATOPHBIX MCCIIEJOBaHHUH.
H. U. NaBeinenko u T. B. Kpanua — c6op u ananus
JTUTEPaTYPHBIX JaHHBIX, 00paboTKa pe3yIbTaTOB, peIak-
TUPOBAaHUE U TIOATOTOBKA CTaThH K MyOJIMKAIIH.

KoH(paukT uaTepecon
ABTOpBI 3asBJISIIOT 00 OTCYTCTBUU KOH(DIJIMKTA MH-
TEPECOB.

Contribution

A.A. Koksharov and L.A. Mayurnikova developed the
research concept, designed the methodology, analyzed
the data, reviewed scientific literature, and wrote the
manuscript. A.D. Plastun collected and analyzed lite-
rary data, as well as performed the laboratory research.
N.I. Davydenko and T.V. Krapiva collected and analy-
zed literary data, processed the results obtained, and
proofread the manuscript.

Conflict of interest
The authors declare no conflict of interests regarding
the publication of this article

References/Cnucok Jqurepatypsl

1. Meat market: statistics updated for the third quarter of 2022 [Internet]. [cited 2023 Sep 12]. Available from: https://
ab-centre.ru/news/rynok-myasa-statistika-s-obnovleniem-na-iii-kvartal-2022-goda

2. Consumers have reconsidered their diet: how customer preferences changed last year [Internet] [cited 2023 Sep 12].
Available from: https://www.agroinvestor.ru/markets/article/39533-potrebiteli-peresmotreli-ratsion-kak-v-proshlom-godu-menyalis-

predpochteniya-pokupateley

3. Gurinovich GV, Khrenov VA, Patrakova IS. Comparative evaluation of beef quality depending on the aging condi-
tions. Polzunovskiy Vestnik. 2022;(1):73—78. (In Russ.). https://doi.org/10.25712/ASTU.2072-8921.2022.01.010; https://www.

elibrary.ru/JIBYWC

4. Lisitsyn AB, Kozyrev IV, Mittel’shteyn TM. Production and evaluation of high-quality beef. Vsyo o Myase. 2015;(3):
22-25. (In Russ.). [JIucuusia A. B., KossipeB U. B., Mutrensmreits T. M. OcoO0eHHOCTH MPOU3BOACTBA U OLEHKH BBICOKO-
KauecTBEHHOH roBsauubl // Bee o msice. 2015. Ne 3. C. 22-25.]. https://www.elibrary.ru/TYWJUZ

5. Gorlov IF, Slozhenkina MI, Lisitsyn AB, Bolaev BK, Natyrov AK, Mosolova DA. Modern approaches to increa-
sing the efficiency of genetic potential of Kalmyk cattle. Volgograd: Sfera LLC; 2019. 260 p. (In Russ.). [CoBpemenHbIE TO]-
XOJIbI K TOBBIICHUIO () (HEKTUBHOCTH HCIIOIb30BAHUs TCHETHYECKOT0 MOTEHIMAA KalMbIlKOro ckota / M. ®@. Topios [u ap.].
Bonrorpan: OO0 «Cdepa», 2019. 260 c.]. https://www.elibrary.ru/UYEHVK

6. Gurinovich GV, Khrenov VA, Patrakova IS, Patshina MV. Studying an effect of thermal treatment methods on
physico-chemical properties of beef depending on aging technology. Food Systems. 2022;5(4):376-382. (In Russ.). https://
doi.org/10.21323/2618-9771-2022-5-4-376-382; https://www.elibrary.ru/OMZMET



Koxkwapos A. A. [u dp.] Texnuxa u mexnonozus nuwesvix npousgoocms. 2024. T. 54. Ne 2. C. 382-397

7. Cheremenina NA, Zhiryakov ED, Mikhailov MS. Comparative characteristics of raw and thermally treated meat
of different animal species and poultry. Proceedings of the international scientific and practical conference on Integration
of science and practice for agro-industrial development; 2018; Tyumen. Tyumen: Northern Trans-Ural State Agricultural Uni-
versity; 2018. p. 166—171. (In Russ.). [Uepemenuna H. A., Kupsixos E. JI., Muxaiinoa M. C. CpaBHHUTEIbHASI XapaKTEPUCTUKA
CBIPOTO ¥ TEPMHUYECKH 00pabOTaHHOTO MsICA PAa3HBIX BHIOB )KUBOTHBIX U NTHIGI // COOPHUK cTaTell MEXKAyHApOIHOW HAYIHO-
npakTHueckol koHdpepeHunn «MHTerpanus Hayku ¥ NPaKTHKH IS Pa3BUTHS arpONpPOMBIIIICHHOTO KOMIUIEKCa». TIOMEHb,
2018. C. 166—171.]. https://www.elibrary.ru/VPOPLP

8. Robbins K, Jensen J, Ryan KJ, Homco-Ryan C, McKeith FK, Brewer MS. Consumer attitudes towards beef and
acceptability of enhanced beef. Meat Science. 2003;(65):721-729. https://doi.org/10.1016/S0309-1740(02)00274-7

9.Saha A, Perumalla AVS, Lee Y, Meullenet JF, Owens CM. Tenderness, moistness, and flavor of pre- and postri-
gor marinated broiler breast fillets evaluated by consumer sensory panel. Poultry Science. 2009;88(6):1250-1256. https://
doi.org/10.3382/ps.2008-00236

10. Nishinari K, Peyron M-A, Yang N, Gao Z, Zhang K, Fang Y, et al. The role of texture in the palatability and food
oral processing. Food Hydrocolloids. 2024;147:109095. https://doi.org/10.1016/j.foodhyd.2023.109095

11. Drey LN, O’Quinn TG. Tenderness, juiciness and flavor contribute to the overall consumer beef eating experience.
Kansas Agricultural Experiment Station Research Reports. 2017;3(1):27. https://doi.org/10.4148/2378-5977.1361

12. O’Sullivan MG, Cruz-Romero MC, Kerry JP. Sensory and physiochemical comparison of traditional bone-in dry-
aged beef loin with bone-less dry ageing and ageing using a moisture permeable bag. Food and Nutrition Sciences. 2018;
9(9):1078-1098. https://doi.org/10.4236/fns.2018.99079

13. Felderhoff C, Lyford C, Malaga J, Polkinghorne R, Brooks C, Garmyn A, et al. Beef quality preferences: Factors
driving consumer satisfaction. Foods. 2020;9(3):289. https://doi.org/10.3390/foods9030289

14. Garmyn A. Consumer preferences and acceptance of meat products. Foods. 2020;9(6):708. https://doi.org/10.3390/
foods9060708

15. Sokolov AYu, Shishkina DI, Pchelkina VA. Development of meat products with wheat fiber for food industry. Herald
of Ryazan State Agrotechnological University named after P.A. Kostychev. 2018;(4):172—178. (In Russ.). [CokoinoB A. 1O.,
Mumkuna 1. U., [Tuenxuna B. A. Pa3paboTka MsICHBIX 01y(aOpUKaTOB C MIIEHUYHBIMU BOJIOKHAMH JUIS HHIYCTPHUU MUTAHUS //
BecTtHuk PsizaHcKoro rocyiapcTBEHHOT0 arpoTexHojoruueckoro yausepeurera uM. 11, A. Kocteraesa. 2018. Ne 4. C. 172-178.].
https://www.elibrary.ru/LCIETW

16. Lazarev AA, Kuznetsova TG. National and foreign approaches in descriptionand assessment of consistency and
texture of meat products. Vsyo o Myase. 2019;(5):19-23. (In Russ.). [JTazapeB A. A., Ky3nenosa T. I'. OTredecTBeHHbIE U 3apy-
Oe)KHBIE TTOAXO/BI IIPH ONMUCAHUY U OLIEHKE KOHCUCTECHIINH U TeKCTYPBI MCHOH nmpoayknun // Bee o msice. 2019. Ne 5. C. 19-23.].
https://www.elibrary.ru/RSKRBK

17. Lisitsyn AB, Sus’ IV, Mittel’shteyn TM, Legoshin GP, Mogilenets ON, Afanas’eva ES. Principles of classification
and quality assessment in the new unified national standard on Cattle for slaughter; beef and veal in carcasses, half-carcasses
and quarters. Vsyo o Myase. 2010;(3):39-43. (In Russ.). [[IpuHuumns! knaccupukanuy 1 OHEHKH Ka4ecTBa B HOBOM €UHOM
HallMOHAJIBHOM cTaHaapTe «KpynHblid poraThlii CKOT Juis y0Osi, FOBSAMHA U TEIATHHA B TyLIax, MOJYTYIIAX U YETBEPTHHAX) /
A. Bb. JIucuupn [u np.] // Bee o msice. 2010. Ne 3. C. 39-43.]. https://www.elibrary.ru/MRYEPR

18. Gurinovich GV, Patrakova IS, Khrenov VA, Patshina MV, Shevchenko Al. Effect of dry aging on beef muscle
proteins. Food Processing: Techniques and Technology. 2023;53(3):621-629. (In Russ.). https://doi.org/10.21603/2074-9414-
2023-3-2462

19. Breeding beef cows: features and prospects [Internet]. [cited 2023 Sep 20]. Available from: https://cenbxo3nopTait.
pd/articles/razvedenie-korov-na-myaso

20. Amerkhanov KhA, Fedorenko VF, Strekozov NI. Breeds of pedigree farm animals and poultry: distribution in the
Russian Federation. Catalog. Moscow: FGNU “Rosinformagrotekh”; 2006. 60 p. (In Russ.). [AmepxanoB X. A., ®enopeHko
B. ®@., Ctpexo3oB H. U. [Topoas! naeMeHHBIX CENbCKOXO3IHCTBEHHBIX )KUBOTHBIX U NTHUIIBI, PACTIPOCTPAHEHHUE B POCCHICKOM
¢denepamuu. Katanor. M.: ®I'HY «Pocundopmarporex», 2006. 60 c.]. https://www.elibrary.ru/WFONSH

21. Inerbayev BO, Khramtsova [A. Meat breeds of cattle in the Siberian Federal District. Development strategy for beef
cattle breeding and feed production in Siberia: conference proceedings; 2013; Tyumen. Tyumen: Pechatnik; 2013. p. 28-33.
(In Russ.). [Muepbaes b. O., Xpammosa 1. A. Mscusle mopoasl kpynHoro poratoro ckora B CPO // Ctparerust pa3BUTHS
MSICHOT'O CKOTOBOJICTBA U KOpMOTIpou3BoacTBa B Cubupu: cOopHuk Tpyaos koHdpepenuuu. Tromens, 2013. C. 28-33.].

22. Gorlov IF, Kaydulina AA, Kolomeytseva AS, Komarova ZB. Innovative technologies for marbled beef from vari-
ous cattle breeds. Proceedings of Lower Volga Agro-University Complex: Science and Higher Education. 2012;(1):68-71.
(In Russ.). [MHHOBAIIMOHHBIE TEXHOJIOTHH TIPOU3BOJCTBA KMPAMOPHO» OBAJUHBI C UCIIOIB30BAHUEM PA3JINYHBIX MOPOJ
MmscHoro ckota / . @. ['opros [u ap.] // U3BecTns HukHEBOIKCKOTO arpOyHHBEPCUTETCKOTO0 KOMILIEKCA: HayKa U BBICHIEE
npodeccuonanbaoe oopazopanue. 2012. Ne 1. C. 68—71.]. https://www.elibrary.ru/OWIDTD

23. Kaydulina AA, Randelin AV. Histological studies of the marble beef obtained from Kazakh white-headed bulls at
different periods of slaughter. New approaches, principles, and efficiency mechanisms for production and processing of agricultural
products: Proceedings of the International Scientific and Practical Conference; 2014; Volgograd. Volgograd: Volga Region

395



Koksharov A.A. et al. Food Processing: Techniques and Technology. 2024,54(2):382-397

Research Institute of Manufacture and Processing of Meat-and-Milk Production; 2014. p. 55-57. (In Russ.). [Kaiinynuna A. A.,
Paunenun A. B. I'ucTonornueckue uccaea0BaHms «KMPAMOPHOCTH» TOBSIIMHBI, TIOJYUYCHHOM OT OBIYKOB Ka3aXCKoi 6e1oroso-
BOIf MOPOABI IPH pa3HBIX cpokax yoos // HoBbIe MOAX0/IbI, IPUHIUIIEI H MEXaHN3MBI TOBBIIICHUS YPPEKTHBHOCTH TPOU3BOJI-
CTBa U NMepepadOTKH CEIbCKOXO03HCTBEHHON MpoayKuuu: Marepuansl MexxaJyHapoJHONW HAyYHO-IPAKTHYECKOH KOH(EPEHIINH.
Boarorpan, 2014. C. 55-57.]. https://www.elibrary.ru/VXXTFN

24. Santos D, Monteiro MJ, Voss H-P, Komora N, Teixeira P, Pintado M. The most important attributes of beef sensory
quality and production variables that can affect it: A review. Livestock Science. 2021;250:104573. https://doi.org/10.1016/;.
livsci.2021.104573

25. Androsova AN, Golovko EN, Zabashta NN, Sinelshchikova IA. Effect of the gender status of young cattle on meat
productivity and suitability of beef for baby food. Collection of Scientific Papers of KRCAHVM. 2020;9(1):315-321. (In
Russ.). https://doi.org/10.34617/41jg-qm96; https://www.elibrary.ru/WACFVH

26. Cheong J-K, Oh Y-T, Lee C-H, Kim K-H, Choy H-N, Kim H-C, et al. Effects of geographic locations and year-
seasons of birth on ultrasound scanned measures and carcass traits of hanwoo steers. Journal of Animal Science and Technology.
2012;54(4):247-253. (In Korean). https://doi.org/10.5187/JAST.2012.54.4.247

27. Terjung N, Witte F, Heinz V. The dry aged beef paradox: Why dry aging is sometimes not better than wet aging.
Meat Science. 2021;172:108355. https://doi.org/10.1016/j.meatsci.2020.108355

28. Zhukov RB. Changes in the properties of meat during ripening. Innovative developments and their implementation:
problems and prospects: Collection of articles of the International Scientific and Practical Conference. Part 1; 2021; Chelyabinsk.
Ufa: OMEGA SCIENCE LLC; 2021. p. 180-184. (In Russ.). [’Kykos P. b. lI3meHeHust cBOHCTB Msica Ipu co3peBaHuH //
BHepeHne pe3yabTaToB HHHOBAILIMOHHBIX pa3paboToK: nmpobiemsl U nepcrnekTuBbl: COOpHHUK cTaTeld Mek/lyHapoHON Hay4HO-
npakTHueckoi konpepenuuu. Ya, 2021. C. 180-184.]. https://www.elibrary.ru/EABHBW

29. Korotkaya EV, Sakhabutdinova GF, Vasiliev KI. The study of freezing methods influence on the meat semi-finished
products quality indicators. Bulletin of KSAU. 2021;(10):173—-178. (In Russ.). https://doi.org/10.36718/1819-4036-2021-10-
173-178; https://www.elibrary.ru/BGGDSH

30. Korotkiy IA, Korotkaya EV, Raschepkin AN, Sakhabutdinova GF. Frozen meat-containing semi-finished minced
products: Biopolymer packaging materials. Food Processing: Techniques and Technology. 2021;51(1):6—16. (In Russ.). https://
doi.org/10.21603/2074-9414-2021-1-6-16; https://www.elibrary.ru/JKPSED

31. Korotkiy IA, Rasshchepkin AN, Korotkaya EV, Sakhabutdinova GF. Improved freezing technology of minced meat
products in biopolymer packaging material. ARPN Journal of Engineering and Applied Sciences. 2020;15(21):2547-2554.
https://www.elibrary.ru/PWKWFZ

32. Setyabrata D, Tuell JR, Kim B. The effect of aging/freezing sequence and freezing rate on quality attributes of
beef loins (M. longissimus lumborum). Meat and Muscle Biology. 2019;3(1):488-499. https://doi.org/10.22175/mmb.11234

33. Rodionova NS, Popov ES. Sous-vide process small-sized semi-finished beef: modes and quality indicator. Food
Industry. 2015;(10):32—-34. (In Russ.). [Ponuonosa H. C., ITonos E. C. Sous-vide 00paboTka MEIKOKYCKOBBIX MOy (HadpuKaToB
M3 Msica TOBSIMHBI: PSXKUMBI M TToKazatenu kadecTBa // [IumieBas npomeinuieHHOCTh. 2015, Ne 10. C. 32-34.]. https://www.
elibrary.ru/ULVWRX

34. Khvylya SI. Histological method of estimation of impact of freezing and storage on meat microstructure. Kholo-
dilnaya Tekhnika. 2016;(11):44-47. (In Russ.). [XBburs C. . I'ncTonornaecknit METO OIEHKHU BIMSHUS 3aMOPAXUBAHUS U
XpaHeHHs] Ha MUKPOCTPYKTYpy Msica // XonoaunbHas texuuka. 2016. Ne 11. C. 44-47.]. https://www.elibrary.ru/ZQODAL

35. Tsaregorodtseva EV. Effect of heat treatment method on the quality of finished meat products. Current Issues of
Improving the Technology of Agricultural Production and Processing. 2021;(23):234-237. (In Russ.). [Llaperopoauesa E. B.
Bnusinue crioco6a TerioBoi 00paboTKH Ha Ka4eCTBO MOTOBBIX MSICHBIX IPOJYKTOB // AKTyasbHbIE BOIPOCH COBEPIICHCTBOBA-
HUSI TEXHOJIOTHH TIPOU3BOJICTBA U MepepaboTKH MPOAYKINHU ceTbcKoro xo3sicTra. 2021. Ne 23. C. 234-237.]. https://www.
elibrary.ru/IONVNA

36. Koksharov AA, Mayurnikova LA, Grigor’eva RZ, Petkovich Al, Krapiva TV. Identification and studying the
factors forming quality of meat semi-finished products with use of sous vide technology. AIP Conference Proceedings. 2021;
2419(1):040001. https://doi.org/10.1063/5.0069972

37. Tunieva EK, Motovilina AA, Mileenkova EV. Several aspects of quality and safety formation in sous-vide products.
Vsyo o Myase. 2023;(4):18-21. (In Russ.). https://doi.org/10.21323/2071-2499-2023-4-18-21

38. Anne D, Thierry A, Keisuke S, Michiyo M. Transformation of highly marbled meats under various cooking processes.
Meat Science. 2022;189:108810. https://doi.org/10.1016/j.meatsci.2022.108810

39. Garcia-Segovia P, Andrés-Bello A, Martinez-Monz6 J. Effect of cooking method on mechanical properties, color
and structure of beef muscle (M. pectoralis). Journal of Food Engineering. 2007;80(3):813-821. https://doi.org/10.1016/j.
jfoodeng.2006.07.010

40. Supaphon P, Kerdpiboon S, Vénien A, Loison O, Sicard J, Rouel J, ef al. Structural changes in local Thai beef
during Sous vide cooking. Meat Science. 2021;175:108442. https://doi.org/10.1016/j.meatsci.2021.108442

396



Koxkwapos A. A. [u dp.] Texnuxa u mexnonozus nuwesvix npousgoocms. 2024. T. 54. Ne 2. C. 382-397

41. Palka K, Daun H. Changes in texture, cooking losses, and myofibrillar structure of bovine M. semitendinosus during
heating. Meat Science. 1999;51(3):237-243. https://doi.org/10.1016/S0309-1740(98)00119-3

42. Chian FM, Kaur L, Astruc T, Vénien A, Stiibler A-S, Aganovic K, et al. Shockwave processing of beef brisket

in conjunction with sous vide cooking: Effects on protein structural characteristics and muscle microstructure. Food Chemistry.
2021;343:128500. https://doi.org/10.1016/j.foodchem.2020.128500

43. Chotigavin N, Kerr WL, Klaypradit W, Kerdpiboon S. Novel sous-vide pressure technique affecting properties of
local beef muscle. LWT. 2023;175:114439. https://doi.org/10.1016/j.1wt.2023.114439

44. Naqvi ZB, Campbell MA, Latif S, Thomson PC, Astruc T, Friend MA, ef al. The effect of extended refrigerated
storage on the physicochemical, structural, and microbial quality of sous vide cooked biceps femoris treated with ginger powder
(zingibain). Meat Science. 2022;186:108729. https://doi.org/10.1016/j.meatsci.2021.108729

45. Yushina YuK, Vostrikova NL, Stanovova IA. Content of residual acid phosphatase activity in liver sausages and
offal pates. Vsyo o Myase. 2010;(3):36-37. (In Russ.). [fOmmuna 1O. K., Boctpukosa H. JI., CranoBoBa 1. A. NccnenoBanue
COJIepKaHUS OCTATOYHON aKTUBHOCTHU KHCJI0i (hocaTasbl B IMBEPHBIX Kobacax U cyOnpoayKTOBbIX namreTax // Bee o msce.
2010. Ne 3. C. 36-37.]. https://www.elibrary.ru/MRYEPH

46. Antipova LV, Slobodyanik VS, Suleymanov SM. Anatomy and histology of farm animals. Moscow: KolosS; 2005.
382 p. (In Russ.). [Autumnosa JI. B., Cio6onsuuk B. C., Cyneiimanos C. M. AHaTOMHS ¥ TUCTOJIOTHS CEIbCKOX0351CTBEHHBIX
x*uBoTHBIX. M.: KosocC, 2005. 382 c.]. https://www.elibrary.ru/QKXFQT

47. Sultana K, Jayathilakan K, Sajeevkumar VA. Chemistry of animal tissues. In: Chauhan OP, editor. Advances in
food chemistry. Singapore: Springer; 2022. pp. 385-437. https://doi.org/10.1007/978-981-19-4796-4 11

397



