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Annomauus

Yxyouenue demozpagpuueckoii cumyavuu (cokpaujeHue poroaemMocnu, ysenuueHue Koau4ecmea noXUbix ooeti u 0p.), usmeHe-
Hule NPpUBbIteK NUMAHUS, C6A3AHHDIX C USMEHEHUSMU MeMN08 HUSHU, HenaHuem 6ce 00/Ibulez0 YUCA M00ell NUMAmbCcs «300po-
BbIMU» NPOOYKINAMU U NPU IMOM He MPAM UMb MHO20 6PeMeHU HA UX NPUOIOBTIEHIE NPUBETIU K NOBbIUEHUIO CNPOCA HA 201M0Bble
K KyIUHAPHOL 06pabomie MACHble NPOOYKMbL ObiCHPO20 NPUOMOBIIEHUS, COXPAHSIOU4UE NOTIe3HbLe 0TI 300P06bS KOMIOHEH DL,
B pesynvmame ece 6onvuiee npumererue HAXOO0SH MeXHON02UU MUHUMATIDHOLL 00pabomiku, makue kax cy-6ud. Cy-6ud — mexHo-
JI02UST HUSKOTEMNEPamypHo20 NpueomosieHUs npooyKmos numanus é éaxyyme. IpuezomossneHue nuusu mermooom cy-6uo no3eo-
JISeM OCYU4eCMEIISMb HAOHHDLI KOHMPOTIb 34 6KYCOBbIMU NOKA3AMENIMU U MUKPOOUOI02UHECKOl 6e30NACHOCIbI0 NPOOYKIN0S
npu cmpozom cobmo0eHUU MeMNePanypHO-6PeMEHHBLX PeXUMOE 00pPAdOMKU U XPAHEHUS, YHUNbLBAST 10, 4O OMHOCUIMENbHO
MAZKAST Mepmu1eckas 00pabomxa moxem He obecneuumo eubesnv 6cex 6e2emamueHbIxX KIemox U He uHakmusupyem cnopot. Jns
YAYUUeHUS MUKPOOUOIO2UHeCKUX noKaA3amerneli Makux npooykmos mozym Obimb npumeHeHbl 00NONHUMeNbHble cnoco0bl 00pa-
60mKU ¢ UCNOML308AHUEM HAMYPATIbHVIX AHMUMUKPOOHDIX cpedcms. B cmamve npedcmasnen 0630p HAyHHDIX UCCTIE008AHUL
HANPABTIEHHbIX HA U3YHeHUe B/IUSHUSL MeXHON02UL CY-6U0 HA U3MeHeHUe KAueCceeHHbIX nokazamerseti U MUKpPOOUOLO2UHECKYHO
6e30nacHocmv nPoOyKmos, NPpou3eedeHHbLX ¢ UCHONIb306aAHUEM OAHHOL MeXHON0ZUU.
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Abstract

Worsening of the demographic situation (a decline in the birth rate, a growth in the proportion of the elderly and so on), changes in
eating habits associated with the changes in the pace of life, a desire of the increasing number of people to consume «healthy» prod-
ucts and not to spend much time on their preparation led to an increase in the demand for convenient ready-to-cook meat products
that retain healthy components. As a result, the minimal processing technologies such as sous vide are finding ever increasing use.
Sous vide is a technology of low temperature thermal processing of food under vacuum. Preparation of food by sous vide technol-
ogy allows reliable control of product sensory indicators and microbiological safety with strict adherence to the temperature-time
regimes of processing and storage taking into consideration the fact that relatively mild thermal processing may not ensure death
of all vegetative cells and does not inactivate spores. To enhance the microbiological safety of these products, several additional
methods of treatment with the use of natural antimicrobial substances can be applied. The paper presents a review of scientific
studies aimed at investigation of an effect of the sous vide technology on changes in quality indicators and microbiological safety

of sous vide products.

MHOTroYnc/eHHbIMI MCCNIeOBaHUAMM [OKa3aHO —
OT KayecTBa IMUTaHMsA ¥ COATIAHCMPOBAHHOCTY palliOHA
II0 BCeM MNMILEBBIM BELIECTBAM 3aBUCUT IOAJEpIKaHMe
3I0pOBbs, PabOTOCIOCOOHOCTb, YMCTBEHHOE pPa3BUTHE
U TIPOJO/DKUTENBHOCTD JKM3HM Y€IOBEKA, YTO JIEKUT
B OCHOBe KOHLeNUMu CcOaJaHCUPOBAHHOTO IIMTAHUA.
B cBsA3M ¢ 9TUM, pacTeT CpoC Ha QYHKIVMOHA/IbHbIE TIPO-
IYKTBI, CIIOCOOCTBYIOLIE TTOBBILIEHNIO Pe3VCTEHTHOCTH
OpraHmsaMa K HeOIaronpusaTHBIM (aKTOpaM OKpY>Karo-

et cpefpl, a TAK)XKe HAa MUHUMAIbHO 0OpaboTaHHbIE
HUIIeBble MIPOAYKTHI, KOTOPbIE IOABEPraloTCs MIafisLIel
TEXHO/IOTMYECKOI 00paboTKe, He COlep)KaT CUHTETHYe-
CKVIX TIMIIEBBIX TOOABOK MM COflEP>KAT UX B OTPaHMIEH-
HOM Kojmuectse [1,2].

Kpome TOro, mameHeHue CTWIS >KU3HU, yBeINYeHUe
qicia paboTANNX SKEHIIVH U HOXWIBIX JIIOIEN IIpe-
IOIIPENENSAI0T TOBbILIEHNE CIpoca Ha MonydabpuKaThl
Y TOTOBbIE K YHOTpPeO/IeHNIO IMIeBble IIPORAYKTHI, U Be-
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AYT K PacIIMpeHNI0 PBIHKA NMPOAYKLUY OBICTPOrO Mpu-
TOTOBJIEHMA. B mocieiHye TO/bI aKTUBHO YBEINYMBACTCA
PBIHOK TOTOBBIX K YIIOTPe6/IeHNIO MUIEBBIX IPOLYKTOB,
TaKMX KaK IIOJTHOCTBIO TOTOBbIE K ynorpebtnennio (RTE),
TOTOBbIe K YIOTpPeO/NeHNI0 B IUINY IOCTe IOAOorpeBa
(RTH), roToBble K KyIMHApHOI 06paboTKe MsCHbIE IPO-
nyktsl (RTC) [3].

JlaHHBIE TEHJEHIVUN CTUMYIUPYIOT paspaboOTKy ro-
TOBBIX K YHOTPeOICHMIO OX/IKIAEHHBIX IMIIEBBIX IIPO-
IlyKTOB, BbIPAaOOTaHHBIX C IIPYIMEHEHNEM TeXHOJIOTUI Te-
IJIOBOJ 06pabOTKY NPY HUSKOTEMIIEPATYPHBIX peXXUMax
C IpeIBapuUTe/IbHBIM BaKyyMUpoBaHMeM 1onydabdpukaTa
B YIIAKOBKY U3 IOMMEPHOTO MaTepyaia, YTo IIO3BOISIET
IPOM3BOAUTD IPOAYKTBI, YAOOHBIE /I HOTpeOuTeNeil 1o
HPOCTOTE ¥ OBICTPOTE IPUTOTOB/IEHNS, SIB/ISACH B TO JKe
BpeMsI XMMIYECKH ¥ MUKPOOMOIOTNYeCKy 6e30IIacHbIMU
IV COXpaHEHMN JKe/laeMbIX BKyCa, apOMara, I[BeTa I TeK-
CTYPBI IUILEBBIX TPOIYKTOB [2,4].

OpHyuM U3 BUJIOB MUHMMAJIbHO 00PabOTKY SIBIsET-
Cs1 TEXHOJIOTHSI CY-BUJI, YTO B IepeBOfie ¢ GppaHI[y3CKOTo
O3HAYaeT «I0ff BaKyyMoM» [5]. CyIecTByIOT pa3Hble MHe-
HMA O TOM, KOTZIa Hada/ly IPYMEHATDb 3Ty TeXHOJIOTHUIO.
HekoTopble aBTOpPBI CYMTAIOT, YTO TEXHONOTUA CY-BUJ
HOSBWIACh B KOHIE 1960-X ropos, korja ¢paHiysckue
Y aMepUKaHCKIe MHXXeHepbl MCIOIb30BaIN BaKyyMHYIO
YIAKOBKY I TepMeTHU3aLUY U1 aCTepU3aLy IPOMBIIII-
JICHHBIX MIIEBBIX MPOYKTOB C Ie/bI0 YBEIMYEHN TIPO-
JO/DKUTENIBHOCTY UX XpaHeHus [6]. [pyrue yTBepKAaiorT,
4TO CHCTeMa Cy-Buj Oblia paspaboraHa B cepenuHe 1970-
x rogoB Bo ®panuunu [7, 8, 9] u mucnonb3oBana ¢dpan-
nysckuM nosapom George Pralus st cHUDKeHMA motepb
B T'YCUHOII TIeYeHN, KOTOpble P MCIONb30BAHNUU Tpa-
OUIIMOHHBIX MeTomoB mocturamm 40% mn3-3a BBICOKOTO
cofepXaHusA B Hell >xmpa. IIpuMeHeHMe MeToma Cy-BUJ,
¢ TepMO0OPABOTKOI TIpK GojIee HU3KOI ¥ TOYHO KOHTP-
O/IMpyeMOil TeMIlepaType II03BOJIS/IO CHU3UTH IIOTepU
10 5% C OJHOBPEMEHHBIM 3HAYMTENTbHBIM Y/Iy4IlIeHIeM
¢rneitBopa roroBoro mpoaykra [10].

Bo3MoXXHOCTHU TIpoliecca Cy-BUJ, B OTHOIIEHUM yBe-
NIMYeHNsI CPOKa XPaHEeHUsI MUHUMAIbHO 0OpabOTaHHBIX
MNIIEBBIX IIPOAYKTOB aKTMBHO U3y4aTcs ¢ 1990-x rogos
[11] A1 OCTVDKEHMsT COOTBETCTBYS AIBYM KOHQIUKTYIO-
UM TpeOOBaHMAM — MMHUMAIbHOMY HarpeBaHUIO IS
COXpaHeHMsI O/IE3HBIX [Is 3[[0POBbsI KOMIIOHEHTOB IIPO-
[yKTa ¥ MOBBIIIEHHO! IIPORO/DKUTEIBHOCTY XpaHEHMs
(5,8,12].

O6paboTka cy-Buj — 3TO IPOIECC TEPMUYECKOi 06-
pabOTKM CBIPbS, TEPMETUYHO YIIAKOBAHHOTO B TEpPMOC-
TabW/IbHBIE ITACTUKOBBIE ITAKETHI IIOJ, BAKYYMOM, OCY-
I[eCTBIIAEMBIII IIPU CTPOTO KOHTPOIMPYEMBIX YMEPEHHBIX
temneparypax (o6bryHO 65-95°C) B TedyeHue IINTeNb-
HOTO BpeMeHU C IOCIeAYIOLMM OBICTPBIM OX/TaXK/JeHIEeM
(kak IpaBMIO IO HOCTVDKeHNUs TeMiiepaTrypsl 3°C B IieH-
Tpe mpoaykra) [13,14] mam B HEKOTOPBIX C/Ty4asX 3aMo-
pakuBaHueM [11] n XpaHeHNeM NPy HU3KOI TeMIlepaTy-
pe (0-3°C B cmy4yae oX/aXIeHHBIX IPOAYKTOB) [7,11,15].
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TouHbIIT KOHTPO/Ib TEMIIEPATYPBI JA€T XOPOIIYIO BOCIIPO-
U3BOAMMOCTD ¥ obecreunBaeT 6ojiee BBICOKNUIT KOHTPOJIb
TOTOBHOCTY 110 CPAaBHEHMIO C TPAAUIIVIOHHBIMY METOAMMU
TepmoobpadoTku [11].

TexHONMOIMA CYy-BUI MOXKET 00€CIIeUNTDb IPEUMYILeCT-
BaMJ [IPY peIIeHN MHOTHX Ipo6ieM 1 3aad, CTOSIIUX
Hepey; MAIIEBOJ IPOMBIIIEHHOCTDIO ¥ KPYITHBIMU TIpef-
OpUATHAMU OOILIECTBEHHOTO IMTaHMA IPU HPUTOTOB-
JIeHU! TMIIEBBIX NMPOAYKTOB M MX TPAHCIOPTHPOBKE Ha
[TebHbIe paccTosiHuA [10].

TepMeTyHas yIaKOBKa IOJ] BAKYYMOM II0O3BOJISIET Te-
w1y 3¢ PeKTUBHO NEPEHOCUTC OT BOABI (IIapa) B Iuiie-
BoI1 TpopyKT [15]. Tepmoo6paboTKa NuIIEeBbIX IPOSYKTOB
IpY ONTMMAJIbHBIX TeMIEpaTypax B LIEHTPe NPOAYKTa
yCTpaHsAeT Ype3MepHOe HarpeBaHue IPOAYKTA, M >Kera-
eMasi CTelleHb FOTOBHOCTY MOXXET OBbITb JHOCTUTHYTa BO
BceM 0O'beMe MACHOTO IPOAYKTa, 4TO obecnednBaer 60-
nee cTabuibHoe KauecTBO [10].

Kpowme Toro, BakyyMHas YIIaKOBKa I, COOTBETCTBEHHO,
yZa/eHue KICIOPOJa U3 OKPY>Kalollell Cpefibl MPOAyKTa,
IPUBOAUT K CHIDKEHWIO OKUCIEHWs IPOAYKTA, YMEHb-
IIEHNIO TIOTePb BJIATM M JIETYYUX BKYCO-apOMAaTHYECKUX
BeIeCTB, CHIDKEHUI0 HEOOXOMMMBIX KOMMYECTB COJIN,
CIIeUUil ¥ TPaB, TaK KaK UX [eiICTBUE B YCIOBUAX TEPMO-
obpaborku cy-Bup ycunmsaercs. O6paboTka cy-Bup Io-
3BOJISIET COXPAHATh BUTAMIHBI U MMHepajIbHbIE BellleCTBa
BHYTPU IIPOAYKTA IPU TepMOOOPabOTKe, UTO JlelaeT Ipo-
RyKT 60rmee murarenbHbIM [10]. Cuctema Cy-BUA IPUBOAUT
K 607iee BHICOKOMY BBIXOAY ¥ JIy4IlIell TEKCType MACHBIX
IPOAYKTOB, B YaCTHOCTH, M3TOTOBJIEHHBIX 13 TOBS/IVHEIL,
10 CPaBHEHUIO C TPAJUIIMOHHOI 06paboTKoII [16].

IToMuMoO 3TOTO, JTaHHAS TEXHOJIOTVIA IIPUBOJUT K YITyd-
IIEHNI0 OPTaHONMENTUYECKMX XapPaKTePUCTUK MSCHBIX
IPOAYKTOB, KOTOPbIE UTPAIOT OOJIBIIYIO PO/Ib B IIPUHATUN
HOTPeOUTENAMY PELIeHNsI O TIOKYIIKe.

Kax 13BecTHO, MACO fB/IAETCSA BKHOI 4YacThIO pa-
IIVIOHA Ye/IOBeKa Ha MPOTKeHUM Thicsadenetuir. OgHako
B IIOC/IefHME AECATIIETUs IPOMU3OLUUIN 3HAYUTETIbHBIE
U3MeHeHMs KadecTBa Msca. B HacTosmiee BpeMs MsACO,
BK/IIOYasi MSICO ITHUIIBI, MOCTYHAaeT OT 0ojiee MOJIOABIX
U MeHee XUPHBIX XUBOTHBIX [11,17]. TpaguumonHble Me-
TOABI TepMOOOPAOOTKY, IIPYMeHsAeMbIe ITPU TepepaboTKe
TaKOTO MsCa, 4acTO NPUBOJAT K CYXUM U O€e3BKYCHBIM
npopykram [11]. [l Toro, 4ToO0BI HATYPaIbHbIA IPOSYKT
U3 Msica, HAlpyUMep, Msca HTUIBI ObIT 6omee COYHBIM
U HEXHBIM, TeMIlepaTypa TepMooOpabOTKM He JO/DKHA
mpeBbitaTh 60-65°C [17], 4T0 MOXeT OBITh 0bOecredeHO
IpUMeHeHJeM MeTOfia Cy-BUj. B pe3ynbraTe HarpeBaHus
npu 60/iee HU3KMX TeMIepaTypax 10 CpaBHEHMIO C Tpa-
[UIVOHHBIMI B Te4YeHMe [/INTe/IbHOTO Nepyofia BpeMeH!
IPONCXOAUT TEeHJiepM3aLusa MsAca, CIOCOOCTBYS MOTyde-
HII0 0COOEHHO BKYCHBIX ¥ MUTATENTbHBIX IIPOYKTOB IaXKe
U3 MeHee oporux oTpy6os [7,10,15,18].

JlmutenbHOE BpeMs TepMOOOpPabOTKM, KakK IIojIara-
I0T, CIOCOOCTBYeT OOJbIIIeil PAaCTBOPUMOCTY KOJIIareHa,
U, TaKUM 00Pa3oM, CHIDKEHMIO KeCTKOCTH Msaca. Kpome
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TOrO, TepMO0OOpabOTKa MsACa NPY ITUX YMEPEHHBIX TeM-
neparypax IpUBOAUT K 60/iee HU3KOI KOATY/IALVN MUO-
uOpUIIAPHBIX 6€TKOB, KOTOpas [y OONBIINHCTBA Oer-
KOB 3TOTO THUIIA IPOUCXOAUT IPYU TeMIEpaTypax CBBIIIE
70-80°C, 4TO, HECOMHEHHO, MMeeT OOJblIOe 3HAYeHIe
IUISL TEKCTYPBI MACA, TaK KaK KOATy/IAnys Muopuopui-
JISIPHOTO O€e/IKa CYMTAETCS OJJHON M3 IPUYMH YBeTMYEHNUS
JKECTKOCTH Msica BO BpeMsi TepMoo6paboTku. Tak, cBUHas
I[eKOBMHA, 00pabOTaHHAas METOfOM CY-BMH, IIPU TeM-
neparype 80°C B TedeHMe IUTETBHOTO BPEeMEHN VMMesa
MEHBIIIYIO0 )KeCTKOCTb 110 CPABHEHNIO C IPOAYKTOM, IIpH-
TOTOBJIEHHBIM TPaJUIIVIOHHBIM MeTofoM [18].

B wuccnenoBannm, mpoBemeHHOM B VicmaHuu, Obiia
YCTaHOBJIEHA 11e/IeCO00Pa3HOCTDb IPUMEHEHN MeTOfia Cy-
BUJL U1 IIPOM3BOJICTBA IIPOAYKTOB 13 6apaHuHbI. CeKTOop
6apaHUHBI TPAOVIVIOHHO SIBJISIETCS OCHOBOIIOIAralOLINM
97IEMEHTOM 3KOHOMVKY HECKONBKMX PerroHoB Vcnanmn.
Opnako B nocneguue 10-20 jyreT, oTMe4YaeTCs CHIVDKEHUE
norpe6/eHns Ha JyIly HaceleHusA GapaHUHbI, B TOM 4M-
Crie U U3-3a METOJIOB €€ TIPUTOTOBIEHUSI B COOTBETCTBUA
C TpaguLMOHHON penenTypoil. IIponsBoACcTBO TOTOBBIX
K ynotpe6ieHno 6oz 13 6apaHNHBI C UCIIOIb30BAHMEM
METOJA Cy-BUJ SB/IAETCSA NEePCIeKTVBHOM a/IbTepHATUBOII
TPaMILIMOHHBIM METOAAM [IJIsl YCIIEIIHOM KOMMepIaiy-
3al[MM JAHHOTO BUA Msca [14].

Eie oguH mpumep BO3MOYXHOTO IIPUMMEHEHNUsT TeXHO-
JIOTMM CY-BUJ, TPV M3TOTOBJIEHUM HAIMIOHATbHBIX MJC-
HBIX IIPOJIYKTOB — 3TO IIPOM3BOACTBO JOHEp-Kebaba ms
PO3HMYHOI TOprosiu. [JoHep-ke6ab — 3TO TpajUIVIOH-
HBIJI TypeLKNil IIPOAYKT, KOTOPBIIT MMPOKO MOTpebsieT-
cs He TONBbKO B Typiym, HO ¥ BO BceM Mupe, 0COOEHHO
B Tepmanun, Iperun, Benuko6puranunu, CIIA, Kanape,
[Taxucrane n Caymosckoit Apasum [19]. B HacTosmee
BpeMs Ui peanyusalyyl B PO3HUYHON TOPTOBJIe JOHEp-
Kke6ab yIakoBbIBaeTCs IIOCTIe TEPMOOOPAOOTKI 1 IIpefIa-
raeTcsi K Ipojaxke B 3aMOPOXXEHHOM MM OX/TaXK/[EHHOM
Bupie. O6paborka foHep-Ke6aboB METOIOM CY-BUJ, MO-
JKET pacCMaTpMBATbCSl KaK HOBBII METO[| IPOM3BOACTBA
Y YIIAaKOBKY 3TOTO BUAA IPOAYKTA IIPU CYLIECTBEHHOM
YIy4IIeHNN TaKUX OPTaHOJIENITMYECKNX XapaKTepPUCTUK
IPOAYKTa, KaK 3amax, BKYC, HEOKHOCTb M COYHOCTH IO
CPaBHEHUIO TPAMUIMOHHON TeXHOoorueit [19].

TexHOMOTNA CY-BUJ TAKXKE MOYKET YCIIELITHO IIPUMEHSATh-
sl TIpY IPOM3BOJICTBE MIPOAYKTOB M3 MsCa IITHUIIbI, HATIPU-
Mep, 1A YIY4IIeHN UX OPTaHO/MIeNITIYeCKIIX ITOKa3aTeel,
II03BOJIsIA BBIPA0ATBHIBATD IIPOJYKTHI C IPUEM/IEMBIMI COY-
HOCTBI0, (P/1efIBOPOM, IIBETOM U TeKCTYpoit [8,20].

YuuThIBasi BBILIEW3TOKEHHOE, HEYAMBUTENBHO, YTO
3Ta TeXHOJIOTMA IIVPOKO MCIONb3yeTcs B PecTOpaHax,
HPeANpUATUAX OOLIeCTBEHHOTO MUTAHVA M VHAYCTPUN
IPOM3BOJCTBA TOTOBBIX K YIOTPeO/IeHMIO IPOAYKTOB
[14,20] a1t 06pabOTKM PA3IMIHBIX TUIIOB MNIIEBBIX IIPO-
IYKTOB, B TOM YJC/Ie U3 MsCa PasHbIX BUIOB )XMBOTHBIX,
MO3BOJ/ISASL TOTOBUTH IPAKTUYeCKM /000 KyCOK Msca,
TaKUM 0Opa3oM, YTO OHO CTAHOBUTCSI COYHBIM, MATKUM
U BKYCHBIM [11].
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OnHako HEOOXOAMMO MHOYEpPKHYTh, UTO IPOU3BOJ-
CTBO IPOAYKTOB C BBICOKVIMM NUTATEIbHBIMUA 1 OPraHO-
JIENTUYECKUMY CBOVICTBaMM 0e3yC/IOBHO He JO/DKHO CO-
IPOBOXKAATBCS YXY/LIEHNEM UX MMUKPOOMOIOTNYECKO
6€30IacHOCTH.

B mpoaykTax cy-BuU OTHOCUTENBHO HU3KUE TeMIlepa-
TYpbl TeIIOBOI 0OpabOTKM, JAIUTEIBHOE XONTOAMUIbHOE
XpaHeHVe, HeaJeKBaTHBII KOHTPO/Ib TeMIIepaTypbl IpU
OPOM3BOICTBE M HA BCEM MPOTSDKEHMM XOJIOAMIbHON
Lenu OT JUCTPUOYLUM [0 PO3HMYHOI TOprosmu [4,21]
MOTYT CO3[jaBaTh YC/IOBUS /sl Pa3BUTHsI KaK IaTOTEHOB,
TaK ¥ MUKPOOPraHM3MOB, BBI3BIBAIOIINX IIOPYY, HAIIPHU-
Mep, MOJIOYHOKVC/IBIX 6akTepuit (Lactobacillus, Leuconos-
toc, Weissella u Carnobacterium), npuogsamunx K obpa-
30BaHMIO IIOCTOPOHHETO 3amaxa M BKYCa, CIU3UCTBIX
aKccyzratoB MonouHoro nseta u CO,, a TakxKe JIpOXoKeit
u mecenein [12,13,22].

Cpenu maroreHOB HanbosIee BaYKHBIMM B MSICHBIX TIPO-
IYKTax CY-BUJ, HECOMHEHHO, SIBIAIOTCS CIIOPOOOpasylo-
e MUKPOOPTaHU3MBL. YMepeHHas TepMooOpaboTKa,
IpuMeHseMas K IMUIIEeBbIM IPOAYKTaM CY-BU, KaK IIpa-
BIJIO, TIPUMBOAMUT K Pa3pyIIEHMIO BETeTaTMBHBIX K/IETOK
6akTepuil, HO UX CIIOPBI TepMoycTolunBLL [Ipn Heapex-
BaTHOM OXJIKAEHWUM WM HApyLIEHUM TeMIlepaTypPHBIX
PEeXMMOB TPV XPaHEHNUM, CYIIeCTBYeT BEPOSTHOCTD IIPO-
pacTaHusA aKTUBUPOBAHHBIX CIOP C MOCIEAYIOUINM pas-
MHO>KEHVEM BETETATUBHBIX K/IETOK [3].

Clostridium botulinum, Hanpumep, obmafaeT Crocoo-
HOCTBIO pacTu npu TemmepaTrype Mmexnay 3,3°C u 45°C
B BaKyyM-yIIaKOBaHHBIX IPOAYKTAX [23,24,25], pu4yeM
HEeKOTOpble HerpoTeonuTuyeckue mrammel C. botulinum
MOTYT BBIPabaThIBaTh HEPOTOKCUH JIaKe IPYU TeMIlepa-
Type 3,3 °C mpu mpopgo/mKuTenbHoM Xpanennn [23]. [Ipy-
TYIMY TIPefCTaB/ISIOIMMY OIIACHOCTD JiIsl 3[l0POBbs CIIO-
poo6pasyomymMu MUKpOOpraHusMamu ABjstiorcs Bacillus
cereus, BbIpaOATHIBAIOIMII SHTEPOTOKCUMHBI M PBOTHBII
TOKCVH, BbBI3bIBasl [MAPEHDBI U PBOTHBIN CUHIPOMBI,
COOTBETCTBEeHHO [26], a Tawke Clostridium perfringens,
KOTOPBIIl TaKXe CIOCOOeH BbIpabaThIBATh IHTEPOTOK-
CUH B XKe/Ty[JOYHO-KAIIEYHOM TPAKTe 4e/I0BeKa, IPUBOMS
K IIMIIeBbIM OTPaBIeHNAM [3].

Kpowme Toro, B IpoAyKTax Cy-BU MOTYT IIPeACTAaBIATD
OIIACHOCTD /IS 3[J0POBbS Ye/IOBEKa ¥ HeCIopoobpasyio-
1I1e TTATOTeHHble OaKTepuu, B YaCTHOCTH, Listeria mono-
cytogenes. L. monocytogenes — ofyiH 3 Hanbosee BaKHBIX
C TOYKM 3peHNs 3APaBOOXPaHEeHMsI HECIIOPOOOpasyIomMX
MMKPOOPraHM3MOB, KOHTAMIHUPYIOLINX FOTOBbIE K YIIO-
TpeO/IeHNI0 OXJIKIEeHHble IMINeBble IPOAYKTH [27]
U CYMTAETCS OJHUM 13 OCHOBHBIX KpUTepueB Ge3ormmac-
HOCTM MSACHBIX IIPOAYKTOB [28], 4TO CBA3aHO C €ro CIo-
COOHOCTBIO PacTy IpPU HUBKMX IOJIOKUTETbHBIX TeMIle-
parypax [11,24,27,28] B pas3IM4YHBIX NNIIEBLIX POAYKTAX
(BKJIIOYast Te, KOTOPBIE COfePIKAT X/IOPI], HATPYsI VTN HU-
TpaT HATPUS B Ka4eCTBE KOHCEPBAHTOB) U B T€YEHE [TV~
TE/IbHOTO BpeMeHM KOJIOHU3UPOBATh IPOM3BOACTBEHHYIO
cpeny MUILEeBBIX NPpeAnpuATHit [27].
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[Tpu oueHKe MUKPOOIOIOTNYECKOTO PICKA IIPOLYKTOB
Cy-BIJI TaK)Ke HeOOXOAVMMO IIPMHNMMATh BO BHUMAaHUe Ta-
KJie IIaToreHsl, Kak Salmonella spp., Staphylococcus aureus,
Yersinia enterocolitica, Vibrio spp. (B MOpeIpoayKTax), mma-
ToreHHsble mraMmmbl Escherichia coli [13,24].

Kak yxe 6bUIO OTMe4YeHO Bbllle, A/ OOecIedeHms
MUKPOOMOIOTNYecKoil 6e30IacCHOCTY TaKUX IPOJYKTOB
OTPOMHO€e 3Ha4yeHMe MMeeT aJjeKBaTHas TepMUdYecKast
06paboTKa B Te4eHNe CTPOrO OINpeNe/IeHHOrO Ieprofa
BpeMeHM B COOTBETCTBUM C TUIIOM BBIPabaTbIBaeMOro
IPOAYKTa M BUJOM MUKPOOPraHM3MOB. Tak, Hampumep,
OBIIO YCTAHOBJIEHO, YTO 3Ha4yeHMe D JyId BereTaTMBHBIX
ketok C. perfringens B CBMHOM 3aKyCOYHOM pyrieTe ObITo
16,3 muH. ipu 55°C; 8,5 muH. npu 60°C un 0,8 MuH. pu
65°C, a ina cnop 30,6 muH. ipu 90 °C; 9,7 muH. npu 95°C
1 1,9 myH. ipu 100 °C. 3nauenue D 11 BereTaTBHBIX KIe-
TOK B. cereus 6p110 B quanasone ot 1 muH. (60°C) mo 33,2
MmuH. (50°C), a s criop ot 2,0 muH. (95°C) mo 29,5 MuH.
(85°C) [29]. B BakyyM-yIIakOBaHHOM KYPUHOM MscCe Cy-
BUJ, UL JOCTVDKEHVST KOMMYECTB KJIETOK HIDKe Ipefena
obHapyXeHNs Oblla HeoOXO#MMa TepMOOoOpaboTKa Ipu
55°C B teuyenne 40 myH., npu 60°C B TeyeHne 20 MUH.,
upu 65°C B Teuenne 2,5 muH. i Salmonella Enteritidis
ATCC-13076 u tepmoobpaborka mpu 55°C B TedyeHue
60 muH., npu 60 °C B Teyenne 30 muH, npu 65°C B Tede-
Hye 3 MuH. 1A mramma Clostridium perfringens NCAIM
B01417" [30].

[Ipu ycmoBum cobmofeHns paspabOTaHHBIX U Hayd-
HO-00OCHOBaHHBIX PEXUMOB IIPOU3BOJCTBA BO3MOXHO
obecriedeHne MUKPOOMOIOTNIECKOI 6€30IacHOCTI TIPO-
IYKTOB Cy-BUJ B TedeHUe OoJee JINTEIbHOTO BPEMEHU
[I0 CPaBHEHMIO C APYTMMMU MeTofamu [7], 4to, He B IIO-
C/Ie[IHIOI0 O4Yepefib, 00YC/IOB/IEHO IpefOTBpalleHIeM II0-
BTOPHOJ KOHTaMUHAIMY MMKPOOPTaHM3MaMMI IPOAYKTa
nocie 06paboTKy Oarofaps NMpenBapuUTeNIbHON repMe-
TUYHON yrakoBke [10]. MHoOrouncieHHble MCCIeOBAHNSA
HOATBEPXKAAIOT, 4TO 00pabOTKa METOLOM CYy-BHUJ, ITO3BO-
nsta 9¢deKTUBHO MHIUMOMPOBATh POCT GaKTepmit U To-
Ny4aTh TPORYKTBI, KOTOpbIe MO MUKPOOMONIOTMYECKUM
IOKas3aTe/IsIM He YCTYNaau TPajyLMOHHBIM. Tak, mccre-
JIOBaHVe HECKOTbKMX BUJOB MACHBIX IIPOAYKTOB Cy-BUJ,
(MsicHBIe (pUKafieNbKM, CBUHBIE PeOpBIKK, OapaHbM
pebppIKy, 6edcTporaHoB, raMOyprepsl, >kapeHasi CBU-
HJHA, TYIIEHOe MSCO ¥ [p.), IOABEPIrHYThIX 06paboTke
cy-Buj npu Temineparypax ot 85 o 100°C B Teyenue 10-
60 MMH., IOKa3a/J0 OTCYTCTBME VIV HU3KMUE KOMMYeCTBa
ICUXPOTPOHBIX, TOKCUTeHHBIX ITaMMoB Bacillus u Clos-
tridium B TIpoljecce XpaHeHMs IPY HUSKUX HOTOXKUTENb-
HBIX TeMIieparypax [31].

[Ipu obpaboTke MeTOmOM Cy-Buj OGapaHUHBI C MUC-
XOIHO MUKPOOMONOINIecKoil 006CeMeHEHHOCThI0, He
IpeBBIIABLIENl YPOBHM, yKasaHHble B Permamente EC
2073/2005 [32], xonmnyecTBa NCUXPOTPODHBIX GaKTepMmit,
MOJIOYHOKMCTIBIX OaKTepuil, TPaMIIOTIOKUTEIbHBIX KOK-
KOB, Enterobacteriaceae n xomudopm CHIDKamUCh 6onee,
vyeM B 3 pa3sa [14].
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O6paborka foHep-Ke6abOB METOOM CY-BUJ IIpU
70°C B TeyeHMe 2 MUH. IIOC/IE JOCTYDKEHNUA TEMIIePaTyphl
B IleHTpe npoaykTa 70 °C mpuBoamiIa K CHYKEHUIO IIPHU-
6mmsutenpHo Ha 1log KOE/r o61ero konmyectsa aspoob-
HBIX Me30QWIbHBIX 6aKTepumii, a9pOoOHBIX MCUXPOPUIb-
HBIX OaKTepuil, MOMOYHOKUCIbIX OaKTepuil, IPOXKeil
u mmeceneit [19].

B cBMHOIT KOpelike mocie 06paboTKM METOIOM CY-BUJ,
IIpY NOAJEeP>KAaHNN TeMIIepaTypbl BHyTpu mpogykTa 70 °C
B TeyeHye 11 4 ¢ nocnegyomum oxnaxaenyeM npu 3 °C,
KOTM4YecTBa ICcUXpoTpodos, Enterobacteriaceae, momod-
HOKMC/IBIX OaKTepuil, JPOXKXKeil U IIeCeHeil 0CTaBaIuCh
HU3KVMU Ha IPOTSDKEHUN BCEro Mepyofia XOMTOAVIBHOTO
xpanenus npu 2 °C. VIHTepecHO OTMETUTD, YTO B JAHHOM
IPOAYKTE OpraHoJeNnTUYecKas IIopYa IpefIIecTBOBaIa
MUKpO6monornueckori [13].

Pesynbratel MUKpOOMOIOrMYeckoro aHammsa Qpu-
Kafleniek U3 Msca Kyp, 0OpabOTaHHBIX METO[IOM Cy-BUJ
(90°C B Teuenne 10 mmm 20 MuH.) MOKa3aau OTCYTCTBIE
Listeria spp. u Cl. perfringens B mpoliecce XOTOAVIIBHOTO
XpaHeHws [1].

He nabmopanu pocra C. perfringens u B mpoliecce xpa-
HEHUA NPV HU3KUX HOTOKUTENTbHBIX TeMIlepaTypax Ko-
peiickoro TpaauioHHOro npopykra «Galbijjim» (pébep-
HBII Kpail TOBsXKbel TPYAVHKY, MAaPMHOBAaHHOI B COEBOM
coyce M C OBOILIaMy), 06pabOTaHHOTO C IpUMEHEHVeM
texHonoruu cy-sup npu 90 °C B Teyenue 90 muH. [3].

B KypuHOI TpyaKe, M3TOTOBJIEHHON METOIOM CY-BIJ,
¢ Ter10BoOIt 06paboTkoii mpu 61 °C B TeyeHne 35 MuH. (110-
CJ1e JOCTVDKeHMs TeMIIepPaTyphl B IieHTpe popyKTa 61°C)
OTMEYEHO CHIDKeHMEe OOLIMX KOMMYeCTB XKU3HECHOCOo0-
HBIX MUKPOOPTaHM3MOB U KOMUPOPM B Ipoliecce XpaHe-
Hust npu 4 °C B Teduenue 14 gueit [20].

I[Tpuememble MUKpPOOMOIOTYECKIIE TOKA3aTeIN IIPO-
AYKTa ObUIM JOCTUTHYTHI Jjake IpM NpUMeHeHuM Ooree
HU3KUX TeMIIepaTyp TeIUIOBOII 06pabOTKM B TpexsTall-
HOM Metofe cy-Bup (39°C — 14, 49°C — 14 n 59°C —
4 v). CHIKeHe eCTeCTBeHHON MUKPOQIOPbI Ha TOBA-
He ObIIO COIIOCTaBMMO C TaKOBBIM IIPY MCIIONb30BAHUM
OOBIYHOTO OfHOITAITHOTO MeTOfa CY-BIA [33].

[Ip obCyxmeHMM BOIpPOCA MUKPOOMONTOINIECKO
6€30I1aCHOCTY TPOAYKTOB, IIPU IIPOM3BOACTBE KOTOPBIX
IPUMEHSETCs TeXHOJIOTHS Cy-BUJ], XOTEI0Ch OBI MOf[9epK-
HYTb HeOOXOMMOCTb npuMeHeHys koHuernuyuyu HACCP
C JCIIONIb30BAaHMEM TaKUX KPUTUYECKNX KOHTPOJIbHBIX
TOYeK KaK KayeCTBO CBIPbs, F€PMETUYHOCTb YIIAKOBKII,
TeMIIepaTypHO-BPEMEHHBIE PEXUMBI TepMOOOPabOTKY,
U, KOHEYHO >Ke, COOTBETCTBYIOIIAs TeMIlepaTypa Ha IIpo-
TSDKEHUY BCeil XONOAVIBHOM LeTN OT IIPOU3BOAMTEISA O
norpebutens [31], Tak Kak XpaHeHUe IpU TeMIlepaType
MeHee 3°C NpensATCTBYeT POCTY NMATOTEHHBIX OaKTepuil
B IIMIIIEBBIX IIPOAYKTAX CY-BIJ] HA OCHOBe Msca [13].

Mukpobuonorndeckye I0Ka3aTel IPOAYKTOB Cy-
BUJL MOTYT OBITH JIONIOJIHUTE/IBHO Y/IYYIIEHbI, VICIONb3Ys
KOHIIETIIMIO OapbepHOIl TEXHOIOTUM, pa3pabOTaHHOIN
JI. Jlsasicaepom [34]. TexHomorus cy-Buf, B LieJIOM, ITO/1ara-
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eTCsI Ha IBa OCHOBHBIX 6apbepa Ijisi obecreyeHnst MUKPO-
Ouonornyeckort 0e30macHOCTY IPOAYKTa: IpPUMeHeHIe
HarpeBaHys IpY MacTepusaLuy MPOAYKTA C HMOCTIERYIo-
UM OBICTPBIM OXJTXXJEHMEM [0 TeMIlepaTypbl Hinke 3 °C
U XONOAWIBHBIM XpaHeHMeM [35]. Mynbru-6apbepHblit
HIO/IXOf], KOTOPBIN SB/seTCS Hambosee HAJEKHBIM IS
KOHTPOJISI MUKPOOMOJIOTMYECKOTO POCTa U 00ecrednBaeT
MMHUMAa/NbHOEe CHIDKEHJMEe KauyeCTBa MUIIEBBIX IMPOAYK-
TOB [34], MOXeT 3QPEeKTUBHO NPUMEHATHCA LA yCue-
HMA STUX JBYX 0apbepoB 3a cyeT IPYMEHEeHUSA KOHcep-
BAHTOB, MHIMOMPYIOIINX POCT MMUILEBBIX IATOTEHOB, KaK
HAIlpUMep, JIAKTaT HATpPUsA, KOTOPBI MCIIONIb3yeTCs IpU
IPOM3BOACTBE MSCHBIX IIPOJYKTOB U IPOAYKTOB U3 Msica
nrunbl. Tak, npumeHenne 2,4 % akraTa HaTpuUs NIPY U3-
TOTOBJIEHNUY TIPOYKTOB, 00pabOTaHHBIX METOIOM CY-BUI,
MHI1OMpoBaso poct Listeria monocytogenes. XoTenoch Obl
OTMETHTb, OIHAKO, YTO B 60JIee BBICOKMX 03aX JTAKTaT Ha-
TpUA IPUBOAWII K COJICHOMY BKYCY IIPOAYKTa [35].

Bmecte ¢ TeM, yBenmumMBarommiicsa HOTpe6MTenbc1<I/H7[
CIIPOC Ha «HATypa/ibHble» MUHUMAIbHO 0OpaboTaHHbIE
IPOAYKTHI C «HATYPAIbHBIMI» JOOABKAMI, [IEA€T OCO-
O0€HHO aKTYaJIbHBIMU MUCCIIENOBAHNA IO IPUMEHEHMIO
KOHCEPBAaHTOB PACTUTE/IBHOIO IIPOUCXOXKAEHMS B IIPO-
IyKTax Cy-BUJ.

B psapne pabot 6b11a MpogeMOHCTpUpoBaHa 3¢ dexTus-
HOCTb IIPYIMEHEHMUs HaTyPa/IbHBIX JOOABOK I IOBbILIIE-
HUA MUKPOOMONOrNYeckoil 0e30MmacHOCTU IPORYKTOB.
Tak, go6aBnenne npenapara Citricidal® (sxcTpakT rpeit-
ndpyra) B MapMHOBaHHbIE IMPORYKTHI M3 MsAca ITHUIBL,
HO/iBEepTHYTble 06pabOTKe METOLOM CY-BUJ|, IIPUBOANIO

Several studies have proved that nutritionally balanced
diets and nutrition quality affect health maintenance, job
performance, mental development and an increase in life
duration, which underlies the concept of well-balanced
nutrition. In this connection, there is a growing demand
for functional foods that facilitate an increase in the or-
ganism resistance to unfavorable environmental factors, as
well as for minimally processed foods that undergo mild
technological processing, do not contain synthetic food
additives or contain them in a lesser amount [1,2].

In addition, changes in life style, an increase in the
number of women having full-time jobs and the elderly
predetermine a growth in the demand for semi-prepared
products and ready-to-eat foods, which leads to an expan-
sion of the convenience food market. Recently, the market
of ready-to-eat (RTE), ready-to-heat (RTH) and ready-to-
cook (RTC) meat-based meals has been dynamically grow-
ing [3].

These trends stimulate the development of ready-to eat
(RTE) refrigerated foods produced by the technologies of
low temperature heat treatment with preliminary vacuum
packaging of a semi-prepared product in the polymer
package, which allows producing products that are con-
venient for consumers due to simplicity and quickness of
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K cHmxkeHuto pocta Clostridium perfringens 6e3 3amer-
HOTO B/IMAHUSA Ha IBET, YCUINe Cpe3a MIM OKUCTIEHMe
munuzios [4]. B rosagune, 06paboTaHHOI METOIOM CY-
Bup (55°C/65 MUH.), OTMEYEHO CHIDKEHME KOINYECTB
L. monocytogenes B IIpoliecce XONTOAVMIbHOTO XpaHEHN
npu fo6aseHNy 3(UPHOTO Macia po3MapyHa B Ka4ecTBe
HaTypa/bHOTO KOHCepBaHTa [36]. VIHTepecHO OTMeTUTD,
4TO HApAAY C AHTUMMKPOOHBIM 3 ¢eKTOM pOo3MapuH
obnmazaeT M aHTUMOKCUJAHTHBIM [EMICTBMEM, YTO ObIIO
IPOJEMOHCTPYPOBAHO IPU Pa3pabOTKe TEXHOIOTUM Cy-
BUJ, i1 Kojbac U3 Msica ITHUIIBI C UCIIONb30BAHUEM CMe-
cn (peHONMbHBIX AMTEPIIEHOB PO3MapMHA, COAepIKallel
KapHO3MHOBYIO KIC/IOTY U KapHO30J1, B KaueCTBe MCTOY-
HVKa HAaTypaJbHBIX AHTUOKCUJIAHTOB JyIA YIIMHEHNS
IPOJO/DKUTENTBHOCTY XOMTOAMUIBHOTO XpaHeHUA IMpPOAYK-
ta [37]. [IpuMeHeHNe TMMOHHOIO COKa YAIMHSANA CPOK
XpaHeHVs] Mep/aHra, 00pabOTaHHOIO METOJOM CY-BU[
(70°C/10 muH.) n xpanusmierocs npu 4 °C [38].

TakuMm 06pasoM, TeXHONOTYSA Cy-BUJ, IIpeMjIaraer pe-
IIeHNe MHOTYX IIpo06JIeM, CTOALIMX Hepey INIIeBOI Ipo-
MBIIICHHOCTBIO, TT03BOJIsAs BbIpabaThiBaTh Oe30IacHbIE
C MUKPOOMOIOINYECKOIl TOUYKI 3PEHNA U BBICOKOKA4eCT-
BeHHbIe MIHIMAJIbHO 00paboTaHHbIe TOTOBbIE K yIIOTpe-
6/1eHMI0 MUIIeBbIe IIPOAYKTHI C COXPAHEHNEM HY TPUEHTOB
Y TIOHIDKEHHBIM COfiep>KaHMeM COIM IPY HajyIeXxalieM
MOHMUTOPVHIEe KPUTHYECKUX IapaMeTpOB IPOU3BOACTBA
Ha TIPOTSDKEHMIU BCEro Ipoliecca IPOM3BOACTBA U Xpa-
HeHus ¢ npumeHeHueM koHuenunuyu HACCP u pononuu-
TE/IbHOII 00pabOTKM C MCIIONb30BAHMEM HATYpPa/lIbHBIX
AQHTUMMKPOOHBIX CPECTB.

preparation, retain the desired taste, aroma, color and tex-
ture being at the same time chemically and microbiologi-
cally safe [2,4].

One of the types of minimal processing is sous vide,
which translates from French as «under vacuum» [5]. There
are different opinions about the beginning of the use of this
technology. Some authors believe that sous vide appeared
at the end of the 1960s, when the French and American
engineers used vacuum packaging for sealing and pasteur-
ization of industrial foods to prolong their shelf life [6].
Others state that the sous vide system was developed in the
middle of the 1970s in France [7,8,9] and used by French
cooker George Pralus to reduce losses in goose liver, which
were 40 % when using the traditional methods due to its
high fat content. The use of sous vide with heat treatment
at lower and strictly controlled temperature allowed reduc-
ing losses up to 5% with simultaneous significant improve-
ments in finished product flavor [10].

The possibilities of sous vide regarding an extension
of shelf life of minimally processed foods have been ex-
tensively studied since the 1990s [11] in order to achieve
two conflicting requirements: minimal heating to preserve
healthy components of a product and prolonged storage
duration [5,8,12].
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Sous vide — is a process of thermal treatment of raw
material hermetically packaged in thermally stable pack-
ages under vacuum, which is performed at strictly con-
trolled mild temperatures (usually 65-95°C) during long
time with following quick chilling, as a rule, until reaching
a temperature of 3°C in the product center [13,14] or in
some cases freezing [11]) and storage at low temperatures
(0-3°C in case of chilled foods) [7,11,15]. The strict tem-
perature control ensures good reproducibility and higher
control of readiness compared to tradition thermal treat-
ment methods [11].

Sous vide can provide advantages in solving many
problems and tasks facing food industry and big catering
enterprises upon food production and transportation over
long distances [10].

Hermetic sealing under vacuum allows effective heat
transfer from water (steam) into food [15]. Thermal treat-
ment of foods at optimal core temperatures eliminates an
excessive product heating, and a desired degree of readi-
ness can be achieved throughout the whole meat product
ensuring more stable quality [10].

In addition, vacuum packaging and, consequently, re-
moval of oxygen from the product environment lead to a
decrease in product oxidation, losses of moisture and vola-
tile flavor substances, as well as to a reduction in the re-
quired amount of salt, species and herbs as their effects in
the conditions of sous vide treatment are enhanced. Sous
vide allows preservation of vitamins and minerals inside
a product upon treatment, which makes a product more
nutritious [10]. The sous vide system results in higher yield
and better texture of meat products, for example prepared
from beef, compared to traditional treatment [16].

Moreover, this technology results in an improvement of
meat product sensory properties, which play an important
role in consumer purchase decisions.

It is known that meat is an important part of the hu-
man diet over thousands of years. However, in recent de-
cades, significant changes in meat quality have occurred.
Today, meat including poultry meat comes from younger
and less fatty animals [11,17]. Traditional heat treatment
methods used in processing of such meat often lead to dry
and tasteless products [11]. To make natural meat-based
foods, for example, products from poultry meat, juicier
and more tender, cooking temperature should not be high-
er than 60-65°C [17], which can be provided by the sous
vide technology. Long-term heating at lower temperatures
compared to those that are used for conventional foods
results in meat tenderization, and facilitates production
of particularly tasty and nutritious products even from
cheaper cuts [7,10,15,18].

It is suggested that long processing time facilitates
higher collagen solubilization, and, consequently, reduc-
tion of meat toughness. In addition, meat thermal treat-
ment at these mild temperatures leads to lower coagulation
of myofibrillar proteins, which occurs for most proteins of
this type at temperatures higher than 70-80°C. Obvious-
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ly, this is very important for meat texture as myofibrillar
protein coagulation is regarded as one of the reasons of an
increase in meat toughness during cooking. For example,
pork cheeks processed by the sous vide method at a tem-
perature of 80 °C for a long period of time were less tough
than a conventionally cooked product [18].

In the Spanish study, the expediency of using sous vide
cooking for manufacturing foods from lamb meat was es-
tablished. The lamb meat sector traditionally is a basic ele-
ment of the economy in several Spanish regions. However,
during the last 10-20 years, a decrease in the per capita
consumption of lamb meat has been observed, which is,
to a large extent, conditioned by the methods of its prepa-
ration according to the traditional recipes. Production of
ready-to-eat meals from lamb meat using sous vide cook-
ing is a promising alternative to the conventional methods
of its production for successful commercialization of this
meat type [14].

Another example of the possible use of the sous vide
technology when manufacturing national meat products
is production of doners for retail sale. Doner is a tradi-
tional Turkish meat product, which is widely consumed
not only in Turkey, but also in Germany, Greece, UK,
USA, Canada, Pakistan and Saudi Arabia [19]. At pres-
ent, doners are packed after thermal treatment and sold
frozen or chilled. Processing of doners by the sous vide
technology can be considered a new method for pro-
duction and packaging of this product with a significant
improvement of product sensory characteristics such as
odor, taste, tenderness and juiciness compared to the
conventional technology [19].

Sous vide cooking can also be successfully used in man-
ufacturing products from poultry meat, for example, to
improve their sensory characteristics ensuring production
of foods with acceptable juiciness, flavor, color and texture
(8,20].

Taking into consideration the above-mentioned, it is
not surprising that this technology is widely used in res-
taurants, catering enterprises and ready-to-eat indus-
try [14,20] for processing various types of foods, includ-
ing meat from different animals, as it allows preparation
of practically any meat cut in such a way that is becomes
juicy, tender and tasty [11].

However, it is necessary to emphasize that manufacture
of products with high nutritional and sensory properties,
undoubtedly, should not be accompanied with impairment
of their microbiological safety.

Relatively low heat processing temperatures and long-
term refrigerated storage of sous vide products, inadequate
temperature control in production and throughout the
cold chain from distribution to retail sale [4,21] can create
conditions for development of both pathogens and spoil-
age microorganisms such as lactic acid bacteria (Lactoba-
cillus, Leuconostoc, Weissella and Carnobacterium), which
lead to off-flavor, slimy milky exudates and CO, produc-
tion, as well as yeasts and molds [12,13,22].
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Among pathogens, the most important in sous vide
meat products, certainly, are spore-forming microorgan-
isms. Mild heat treatment applied to sous vide foods re-
sults, as a rule, in destruction of the vegetative bacterial
cells, but their spores are thermally stable. Upon inade-
quate chilling or abuses in storage temperature regimes,
there is a possibility for germination of activated spores
with the following multiplication of the vegetative cells [3].

For example, Clostridium botulinum has an ability to
grow in vacuum-packed products in the temperature range
from 3.3°C and 45°C [23,24,25]; with that, some non-pro-
teolytic C. botulinum strains can form the neurotoxin even
at a temperature of 3.3°C during prolonged storage [23].
Other hazardous spore-forming microorganisms are Ba-
cillus cereus, which produces enterotoxins and the emetic
toxin causing diarrheal-type syndrome and the emetic-
type syndrome, respectively [26], as well as Clostridium
perfringens, which can also produce the enterotoxin in the
human gastrointestinal tract causing food poisoning [3].

In addition, non-spore-forming bacterial pathogens,
such as Listeria monocytogenes, in sous vide products can
also constitute a serious hazard for human health. L. mono-
cytogenes is one of the most important non-spore-forming
microorganisms that contaminate ready-to-eat refriger-
ated foods [27] and is regarded as one of the main criteria
of meat product safety [28], which is associated with its
ability to grow at low temperatures [11,24,27,28] in differ-
ent food products, including those that contain sodium
chloride or sodium nitrate as a preservative, and colonize
food production environment for long periods [27].

When assessing the microbiological risks in sous vide
products, it is also necessary to take into consideration
such pathogens as Salmonella spp., Staphylococcus aureus,
Yersinia enterocolitica, Vibrio spp. (in seafood) and patho-
genic strains of Escherichia coli [13,24].

As was already noticed above, adequate thermal treat-
ment of sous vide products during strictly determined time
and according to a manufactured product type and micro-
bial species is of great importance for assurance of their mi-
crobiological quality. For example, it was established that
in pork luncheon roll the D value for C. perfringens was
16.3 min. at 55°C; 8.5 min. at 60 °C and 0.8 min. at 65 °C for
the vegetative cells; and 30.6 min. at 90 °C; 9.7 min. at 95°C
and 1.9 min. at 100 °C for spores. The D value for the veg-
etative cells of B. cereus was in a range from 1 min. (60°C)
to 33.2 min. (50°C), and for spores from 2.0 min. (95°C)
to 29.5 min. (85°C) [29]. To achieve the cell number lower
than the limit of detection in sous vide chicken meat, it
was necessary to use thermal treatment at 55°C during
40 min., at 60 °C during 20 min., at 65°C during 2.5 min.
for Salmonella Enteritidis ATCC-13076 and thermal treat-
ment at 55°C during 60 min., at 60°C during 30 min., at
65°C during 3 min. for Clostridium perfringens NCAIM
B014177 [30].

Provided that there is a strict adherence to the devel-
oped and scientifically substantiated production regimes,
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it is possible to ensure microbiological safety of sous vide
products over longer time compared to other methods [7],
not least because of prevention of microbial recontamina-
tion after thermal treatment due to preliminary hermetic
packaging [10]. Many studies confirm that sous vide pro-
cessing allowed effective inhibition of bacterial growth and
manufacture of products that were not inferior to the tradi-
tional in terms of microbiological indicators. For example,
analysis of several meat product types (meat balls, ribs of
pork, spareribs of lamb, beef stroganoft, hamburgers, fried
pork, stew of meat and others) processed by sous vide at
temperatures from 85 to 100 °C during 10-60 min. showed
an absence or low numbers of psychrotrophic, toxigenic
Bacillus and Clostridium strains in the process of storage at
low temperatures [31].

When using the sous vide method in processing lamb
meat with the initial microbial load not higher than the
level indicated in the Regulation EC 2073/2005 [32], the
number of psychrotrophic bacteria, lactic acid bacteria,
gram-positive cocci, Enterobacteriaceae and coliforms de-
creased more than threefold [14].

Production of doners by the sous vide technology at
a temperature of 70°C for 2 min. after achieving the core
temperature of 70°C led to a reduction by about 1 log
CFU/g of the total number of mesophilic aerobic bacteria,
psychrophilic aerobic bacteria, lactic acid bacteria, yeasts
and molds [19].

In pork loin processed by sous vide at a core tempera-
ture of 70°C during 11 hours with the following chilling
at 3°C, the numbers of psychrotrophs, Enterobacteriaceae,
lactic acid bacteria, yeasts and molds remained to be low
throughout refrigerated storage at 2°C. It is interesting to
note that in this product, sensory spoilage preceded micro-
biological [13].

The results of the microbiological analysis of chicken
meat balls cooked using sous vide treatment (90°C for
10 or 20 min.) showed an absence of Listeria spp. and CI.
perfringens during refrigerated storage [1].

The growth of C. perfringens was not observed dur-
ing refrigerated storage of the Korean traditional product
«Galbijjim» (beef short ribs marinated in soy sauce and
cooked with vegetables) after its processing by sous vide
technology at 90 °C for 90 min. [3].

In chicken meat processed by sous vide method with
thermal treatment at 61°C for 35 min. (after achieving the
core temperature of 61°C), a decrease in the total number
of viable microorganisms and coliforms was observed in
the process of storage at 4 °C for 14 days [20].

Acceptable microbiological quality of a product was
achieved even at low temperatures of thermal treatment
when using the three-step sous vide process (39°C —
1hour, 49°C — 1 hour and 59 °C — 4 hours). A decrease in
the natural microflora on beef when using the three-step
sous vide method was comparable to that in a product
treated by the conventional single-stage sous vide technol-

ogy [33].
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When discussing the microbiological safety of food
products manufactured by the sous-vide technology, it
is worth emphasizing the necessity of using the HACCP
concept with such critical control points as raw material
quality, hermetic sealing of a package, temperature-time
regimes of thermal treatment and, of course, adequate
temperature regimes throughout the entire cold chain
from production to consumers [31] as storage at tempera-
tures lower than 3°C prevents the growth of pathogenic
bacteria in sous vide meat-based foods [13].

The microbiological quality of sous vide products can
be additionally improved using the concept of the hurdle
technology proposed by L. Leistner [34]. The sous vide
technology, largely, relies on two main hurdles to ensure
microbiological safety: the use of heating upon product
pasteurization with the following quick chilling to a tem-
perature lower than 3 °C and refrigerated storage [35]. The
multi-hurdle approach, which is most reliable for control-
ling the microbial growth and ensures a minimal decrease
in food quality [34], can be effectively applied to enhance
these two hurdles due to the use of preservatives inhibit-
ing the growth of food pathogens, such as sodium lactate,
which is applied in manufacturing meat products and
products from poultry. For example, the use of 2.4 % so-
dium lactate in sous-vide products inhibited the growth
of Listeria monocytogenes. It is necessary to note, however,
that the higher doses of sodium lactate led to salty taste of
products [35].

At the same time, an increasing consumer demand for
«natural» minimally processed foods with «natural» addi-

tives, makes the studies on the use of the plant-derived pre-
servatives in sous-vide products especially topical.

Several works demonstrated the effectiveness of the use of
natural additives to increase microbiological safety of foods.
For example, addition of Citricidal (grapefruit extract) into
sous vide marinated poultry products reduced the growth
of Clostridium perfringens without noticeable effect on color,
share force or lipid oxidation [4]. In beef subjected to sous
vide treatment (55°C/65 min.), the counts of L. monocyto-
genes decreased during refrigerated storage upon addition
of rosemary essential oil as a natural preservative [36]. It is
interesting to note that along with the antimicrobial effect,
rosemary has the antioxidant activity, which was demon-
strated in the development of the sous vide technology for
poultry sausages with the use of rosemary diterpene mixture
containing carnosic acid and carnosol as a source of a natu-
ral antioxidant to prolong duration of product refrigerated
storage [37]. The use of lemon juice for treatment of whit-
ing (Merelangius merlangus euxinus), which was produced
by the sous vide method (70°C/10 min.) and stored at 4°C,
extended its shelf life [38].

Therefore, the sous vide technology provides a
solution to many problems facing food industry allowing
production of microbiologically safe and high-quality
minimally processed ready-to-eat products with preserved
nutrients and lowered salt content provided that there is
adequate monitoring of the critical production parameters
throughout the manufacturing process and storage with
the use of the HACCP concept and additional treatment
with natural antimicrobial substances.
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