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Annomauus

Monounokucnvie 6axmepuu (MKB) uepatom 6 macHoti npomoii-
JIEHHOCMU KAK NOTONCUIMENbHYI0, MAK U OMPUUAINENbHYIO POTlb.
Ocnosnas nonv3a MKB 6 npouseodcmae cyxux gepmenmupo-
BAHHBIX KOZIOAC 3aKIOUAEMCS 8 hepMeHmMAayuu caxapuoos, m.e.,
006paszo6aHuL MONOUHOTL KUCTIOMDbL U nociedyouem nadeHuu pH.
Ponv MKEB 6 nopue cvipoeo msica 6cé ewsé HeoOHo3HauHas. He-
CKOIbKO 6U008 CNOCOOHBL OOMUHUPOBAMb 6 MACHOLL ClcmeMme 6
YCTIOBUAX XPAHEHUS 6 6AKYYMHBIX YNAKOBKAX U 6 MOOUDULUDPO-
8aHHOU ammocgepe U M0Ozym 6bl0eNTMb MOTIEKYIbl, 0KA3bIEA-
touue enusnue Ha 3anax. C Opyeotl CMOpPoHbl, OHU MOZYM NpPo-
ABNAMb  O1AONPUTMHYI0 AHMALOHUCMUYECKYI0 AKMUBHOCHID
npomus HexcenamenvHolx muxpoopeanusmos. MKb saensomcs
BANCHBIMU 6030YOUMENIMU NOPHU 6 BAPEHBIX MACONPOOYKINAX.

BBenenue

Monounoxkucrnele 6akrepuu (MKB) — aTo rpymnma rpam-
HOJIOKUTEIbHBIX OaKTepuil, 00BbeAVHEHHbIX OIIpeieIeH-
HBIMI MOPQOIOTMYECKNMM, MeTabommdeckumMm u Gusmn-
OJIOTMYECKVMMY XapakTepyucTukamy. OHM IpelCTaBIIAIT
co60oi1 Hecriopoobpasyolye, He ABJIANEC aspobami,
HO a3pOTOJIepPaHTHbIE, KaTala300TPUIATE/IbHbIE KOKKU
VIV TIQJIOYKM, KOTOPBIe BHIPAOaThIBAIOT MOJIOYHYIO KICIIO-
Ty KaK OfIH I3 OCHOBHBIX IIPOJIYKTOB (pepMEHTAIVN yIJIe-
BonoB (Leroi, 2010; von Wright and Axelsson, 2012). bra-
rofiapsi CBOEil a3pOTONIEPAHTHON aHA3pOOHON HPUPOfE,
MKBD nprcyTCTBYIOT B IIMPOKOM IMAIIa30HE €CTeCTBEHHOI
OKpY>KaIolllell Cpefibl, BKIIOYAA >KeTyJOYHO-KUIIeIHBIN
TPaKT 4esioBeka 1 >KuBOTHBIX (Toomey et al., 2010). MKb
TPaJVILIMOHHO aCCOLMMPOBAHbI ¢ (hepMeHTaluell Iuiie-
BBIX IIPOAYKTOB M KOPMOB, 1 OOBIYHO CUMTAIOTCA Oaro-
OPYATHBIMU MUKpOOpranmsMamiu. JIoomy sMImpudecKu
ucnonb3osamt MKD my1s1 ecrecTBeHHOI hepMeHTAIIN MO-
JIOKa, M#ACa, OBOILIel U (GPYKTOB B TeYeHMeE ThICAYENeTHIL,
4TO MPUBOAV/IO K HOBOMY CTaOMIbHOMY IPOAYKTY. I1pn-
MeHeHMe ITpoliecca TOAKICIeHNs, 00YC/IOBIEHHOTO BbIpa-
60TKOI1 MOJIOYHO¥ KMCTIOTBI KAK OCHOBHOT'O KOHEYHOTO Me-
TabomiTa pepMEHTAINN YIIeBONOB, AB/IACTCA OCHOBHBIM
13 HanboJiee XKeaTebHBIX IT0O0YHBIX 9 (PeKTOB MX POCTa,
VHIMOMPYA MUKPOOPTaHU3MBI, B TOM 4NC/Ie, Hanboee pac-
IIpOCTpaHeHHbIe YenoBedecKye narorens (Leroi, 2010).

IIpn nepepaborke msca MKB moryr wurparb kax
HOJIOKNUTENbHYIO, TaK ¥ OTpMLATeIbHYy0 ponb. Ilomo-
KUTeNbHbIN 9ddekT csazan ¢ poctom MKD Bo Bpems
(dbepMeHTaIVIM U CO3PEBAHNUA CYXMX (PepMEHTHUPOBAHHBIX
konbac. OTpuuaTebHAsA POIb MOXET OBITH ACCOLMMPO-
BaHa C ITOpYell MACA, BBIPAaOOTKOI OMOTeHHBIX aMUHOB U
pacrpocTpaHeH)eM TeHOB aHTUOMOTIKOPEe3NCTEHTHOCTH
(Talon and Leroy, 2011; Toomey et al., 2010).

MKB 6 pepmenmuposantvix MACHbIX NPOOYKMAxX

QepMeHTHpPOBaHHbIE INNIIEBble IPONYKTbl MMEIOT
6os1ee IPOIO/DKNUTEIBHBIN CPOK XPaHEHM S 110 CPaBHEHNIO
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Abstract

Lactic acid bacteria (LAB) play in meat processing a positive
but also a negative role. The principal advantage of LAB in the
production of dry fermented sausages lies in the fermentation of
saccharides, i.e. the creation of lactic acid and the subsequent fall
in pH. The role of LAB in fresh meat spoilage is still controversial.
Several species are able to dominate the meat system in VP and
MAP storage conditions and can release odor-impact molecules.
On the other hand they can provide favorable antagonistic
activity against other undesired microorganisms. LAB are
important spoilage agents in cooked meat products.

Introduction

Lactic acid bacteria constitutes a group of gram-positive
bacteria united by certain morphological, metabolic and
physiological characteristics. They are nonsporulating,
nonrespiring but aerotolerant, catalase negative cocci
or rods, which produce lactic acid as one of the main
fermentation products of carbohydrates (Leroi, 2010; von
Wright and Axelsson, 2012). Due to their aerotolerant
anaerobic nature, LAB occupy a wide range of natural
environments including gastrointestinal tract of humans
and animals (Toomey et al., 2010). LAB have traditionally
been associated with food and feed fermentation, and are
generally considered beneficial microorganisms. Human
has empirically used LAB for natural fermentation ofmilk,
meat, vegetables and fruits for thousands of years that led
to a new stabilized product. The acidification process due
to the lactic acid production as the major end-metabolite of
the carbohydrate fermentation is one of the most desirable
side effects of their growth, inhibiting micro-organisms
including the most common human pathogens (Leroi,
2010).

In the meat processing LAB can play a positive but also
negative role. The positive effect is connected with the
growth of the LAB during fermentation and ripening of
dry fermented sausages. The negative role can be associated
with the meat spoilage, production of biogenic amines and
distribution of antimicrobial resistance genes (Talon and
Leroy, 2011; Toomey et al., 2010).

LAB in fermented meats

Fermented foods generally have a longer shelf life than
their original raw materials and their spoilage process
has a different character. The antimicrobial effects of
fermentation are not confined to spoilage organisms
alone and can also affect pathogens that might be present
(Adams and Mitchell, 2002). In microbiology, the term
fermentation can be used to describe either microbial
processes that produce useful products or a form of
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C UCXO[IHBIM CBIpbeM, U IIPOLeCC UX IIOPYM MMeeT APYToit
xapakTep. AHTUMUKpOOHbIe 9 PeKThl pepMeHTANIIN He
OIPaHMYMBAIOTCA TONBKO MUKPOOPraHMU3MaMM, BBI3bIBA-
IOLIMMI TIOPYY, M MOTYT TaKXKe OKa3bIBaTh B/IUAHNE HA
[IaTOT€HBI, KOTOPbIe MOTYT IIPUCYTCTBOBATh B IPOAYKTE
(Adams and Mitchell, 2002). B Mukpo6uonornu tepMuH
pepmenmayuss MoXeT OBITb MCHO/Nb30BaH JJIA OINCa-
HUSA WIN MUKPOOHBIX IIPOLECCOB, KOTOPble IPUBOJAT K
00pa30BaHNIO IOJIE3HBIX MTPOAYKTOB, WM (POPMBI pOCTa
aHAa9POOHBIX MMKPOOPTAaHM3MOB, MJCIIONMb3YIOUINX BHY-
TPeHHIe aKIeNTOPbl MeKTPOHOB 1 obOpasytomux ATD
B OCHOBHOM 4Yepe3 (ocopuanpoBaHne Ha YPOBHe Cy0-
crpara (Kim and Gadd, 2008). MKDb nrpator goMnHupy-
IOLIYI0 po/ib B (epMeHTanMy (papira, IPUrOTOBIEHHOTO
VISl TIPOM3BOACTBA CYXMX (PepMEHTMPOBAHHBIX KO/IOAC.
MKB, oHaKo, COCTAaBIISIOT TOMBKO YaCcTh 00I1Ie MUKPOO-
HOJI IOMY/IAINMMA B MAACE TIPU €CTeCTBEHHBIX YCTIOBUAX.

Vcxopnas nomymanuss MKDB B cblppe 00BIYHO HM3Kas
(3-4log KOE/T), HO OHa CTaHOBUTBLCA TOMUHUPYIOIIEN BO
Bpems otamna (pepmenranun (8 log KOE/r) B TpaguumnonHbIx
konbacax (Talon and Leroy, 2011). ITocre so6asenust crapro-
BbIX KynbTyp MKDB HauMHa10T pasMHOXKaTbCS OT MCXOTHON
nomyanyn 6,5 log KOE/r! no 8,0-9,0 log KOE/r" B Teuenne
nepBbIx Heckonbkux fHeln (Kamenik et al., 2013; Matagaras
et al,, 2015). Potka et al. (2015) ycTaHOBWIN, YTO TTOMY/IALNA
MKBD cocrananma or <2log KOE/r! mo 4,52 log KOE/r" B
obpasijax konbace Piacentino (ceBepnast Mramus) 6es crap-
TOBBIX KY/IBTYP Cpasy ke IT0C/Ie MIITPULIeBAHVA B 000/IOUKIL.
Tlob6aBrieH1e CTapTOBBIX KY/IBTYP BBI3BIBAJIO YBeMYeHIE
MKBD ¢ Havana ¢epMeHTaLUM O YPOBHeEil MeXnay 5,63 n
6,82 log KOE/r". ITocne Tpex Hefenb co3peBaHMs, IOIY/IA-
st MKD octurana yposHeit mexxny 8,15 1 8,89 log KOE/T;
B 9TO BpeMsI He ObIIO OYEBMIHDBIX Pas3INymil B KO/IMYECTBE
MKB mexpy Konmbacam, B KOTOPbIX MCIIOTIb30BA/INCh CTap-
TOBBIE KY/IBTYPBI 1 KOl6acaMyl, B KOTOPBIX OHY He VICIIO/Ib-
30Ba/ICh. Bo BpeMs MCC/IeOBaHMA MUHUCAIAMM, IIIPH-
IJOBaHHOJ B LIEJUTIOJIO3HbIe O0O/IOYKM AMAMETPOM 25 MM,
Gareis et al. (2010) ycTaHOBWIM yBe/IMYeHVE ITOMY/LALNI
MKB (npn mo6aBieHuM CTapTOBBIX KY/IBTYp) Ha JIBa JIOTa-
pu¢Ma B TedeHue nepBbIX Tpex gHell. KomrdectBo MKD He
cHpkanoch Hivke 8 log KOE/r! Hu B xakoii mepyoy B Tede-
HUe 9KcrepuMeHTa (42 H:).

InaBubiM npeumymectsoM MKDB npu npoussozctse
cyxux (pepMeHTUPOBAaHHBIX Koj0ac ABIAeTCA (hepMeH-
TalVsA CaXapuyoB, T.e., 00pa3oBaHNe MOJIOYHOI KVC/IOTHI
u nocnenyiomee nagenne pH. 1o, ogHako, He ABIAETCA
eVHCTBEHHBIM IIOJIOXKUTE/IbHBIM 3((PeKTOM 9TOil TpyII-
nbl 6akTepmit. OHa Tak)Ke UTpaeT BaKHYI PO/Ib B BBI-
[Ie/IeHNY JPYTUX aKTUBHBIX apOMATUYECKUX (BKYCOBBIX)
BEI[ECTB 1 BBIPAOOTKE AHTMMUKPOOHBIX COENVHEHUIL.
B teuenme cBoeit >xusuu MKD BbifiensgioT BelecTBa BO
BHEIITHIOI0 OKPY>KAIOLIYI0 Cpefly, MHOTMe U3 KOTOPBIX
0071a/Jaf0T IPAMBIM aHTHOAKTepUaTbHBIM 3¢ deKToM. ITO
MOTYT OBITb ITEPOKCUJI BOZOPOJA VI OPraHNIeCcKye KIC-
NOTBI. BaKTepUOLHBI MMEIOT 60oTIee CITOXKHYI0 CTPYKTYPY
(de Souza Barbosa et al., 2015).

Ponv MKbD 6 nopue maca

Msico cumTaeTcs ONHUM U3 Hambojee CKOPOIOPTS-
IUXCST IMPORYKTOB. JTO OOYCTIOBNIEHO €r0 XMMWYECKUM
COCTaBOM, KOTOPBIiT O/IarONIPUATCTBYET POCTY MUKPOOpra-
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anaerobic microbial growth using internally supplied
electron acceptors and generating ATP mainly through
substrate level phosphorylation (Kim and Gadd, 2008).
LAB play the predominant role in fermenting the batter
made for the preparation of dry fermented sausages.
LAB, however, make up just part of the total microbial
population in meat under natural conditions.

The initial population of LAB is usually low in the raw
material (3 to4 log CFU/g) butitbecomes dominant during
the fermentation step (8 log CFU/g) in traditional sausages
(Talon and Leroy, 2011). Following the addition of starter
cultures, LAB can multiply from an initial population of
6.5log cfu g’ to 8.0-9.0 log cfu g* over the first few days
(Kamenik et al., 2013; Matagaras et al.,, 2015). Polka et
al. (2015) found a LAB population from <2 log cfu g to
4.52 log cfu g in samples of Piacentino sausages (northern
Italy) without starter cultures immediately after their
filling into casings. The addition of starter cultures caused
an increase in LAB from the beginning of fermentation
to values of between 5.63 and 6.82 log cfu g'. After three
weeks of ripening, the LAB population reached values of
between 8.15 and 8.89 log cfu g-1; at this time there was
no evident difference in the number of LAB seen between
sausages in which starter cultures were used and sausages
in which they were not used. During tests on minisalami
filled into cellulose casings of a diameter of 25 mm, Gareis
et al. (2010) recorded an increase in the LAB population
(with the addition of starter cultures) of two logarithmic
orders during the first three days. The number of LAB did
not fall beneath 8 log cfu g" at any time during the course
of the experiment (42 days).

The principal advantage of LAB in the production of
dry fermented sausages lies in the fermentation of saccha-
rides, i.e. the creation of lactic acid and the subsequent fall
in pH. This is not, however, the only positive effect of this
group of bacteria. It is also important in releasing other
active aromatic (taste) substances and producing antimi-
crobial compounds. During their lifetime, LAB excrete
substances into the external environment, many of which
have a direct antibacterial effect. These may be hydrogen
peroxide or organic acids. Bacteriocins have a more com-
plicated structure (de Souza Barbosa et al., 2015).

The role of LAB in the meat spoilage

Meat is recognized as one of the most perishable foods.
This is due to its chemical composition that favours micro-
bial growth to unacceptable levels contributing significantly
to meat deterioration or spoilage (Doulgeraki et al., 2012).
It is well established that spoilage of meat is the result of
decomposition and formation of metabolites caused by the
growth and enzymatic activity of microorganisms (Argyri et
al., 2015). Meat spoilage is usually caused by Gram negative
bacteria (pseudomonads, Enterobacteriaceae, Shewanella
putrefaciens) and several Gram positive (LAB, Brochothrix
thermosphacta, clostridia) that dominate under different
conditions (Pothakos et al., 2015). A preservative packaging
has been widely used to extend the shelf life of fresh meat
during distribution and retail sale. High-oxygen modi-
fied atmosphere packaging (MAP) has become widespread
in recent decades for red meat. Oxygen concentrations of
70-80% ensure that oxymyoglobin is produced in surface
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HVI3MOB JI0 HelIpJieM/IeMbIX YPOBHeIT, BHOCS CYIIleCTBEHHBII
BKJIA]I B yXyALIeHMe KadecTBa 1 mopuy msca (Doulgeraki
et al,, 2012). Xopo1mro 13BeCTHO, YTO IOpYA MsACA AB/IACTCSA
Pe3y/IbTaTOM pas/IoXKeHNs ¥ 0Opa3oBaHMA MeTabOINTOB,
BBI3BAHHBIX POCTOM 11 ()epMEHTATUBHOI aKTBHOCTBIO M-
KpoopraunamoB (Argyri et al., 2015). ITopya Msca 06bI9HO
BBI3bIBAETCS TPAMOTPULIATEIbHBIMU OakTepusamM (IIceB-
moMoHanbl, Enterobacteriaceae, Shewanella putrefaciens) n
HecKonmpKuMn rpamnonoxnrensasivu (MKB, Brochothrix
thermosphacta, xnocTpuaym), KOTOpble JOMUHUPYIOT IIPK
pasmmunbix yomosuax (Pothakos et al., 2015). Ina ypmm-
HEHUS TIPOIO/DKUTENIBHOCTY XPAHEHNUsSA CBIPOTO MsCa BO
BpeMs AUCTpUOYLUM ¥ PO3HUYHON TOPTOB/IM IMIMPOKO
UCTIONIb3YeTCsl KOHCEPBUPYIOLIAs YIIAKOBKA. YIAKOBKA
KpacHOro MsAca B Moau¢uipoBanHoit arMochepe (MAP)
C BBICOKVM COfiepyKaHMeM KUCTIOPOJa CTajla LMIMPOKO pac-
IPOCTpPAaHEeHHON B mocienHue Aecsatwietys. KoHueHTpa-
uu Kucnopopa 70-80% mpuBOIAT K 00pa30BaHUIO OKCHU-
MIOITIOOVHA B TIOBEPXHOCTHBIX C/10sAX MsAca. OcTaBimecs
20-30% B MOmM(UIVPOBAHHON aTMOC(epe MPUXOAATCA
Ha CO2. [Inokcup yriaepopga MHIMOMpPYeT pocT GakTepuii,
ymHAA nar-¢asy u BpeMs pasMHOXeHMs. KoHneHTpa-
uust CO2, paBHas 25% , 6/M3Ka K MaKCMMa/TIbHOMY VHTH-
OMpoBaHIIO a9POOHOIT MUKPOGIOPHI, KOTOpask 3aTeM CHU-
>)KaeTcAa 1o <20%. brarogaps ucnonbsyemoll cMecu rasos,
00BIYHAS TPOMIO/DKUTEIBHOCTh XPAHEHNUs YIAKOBAHHOTO
B MoauuIpoBaHHOI aTMocdepe Msaca cocTasseT ot 10
o 14 nHeli. Bropoiit TuIl KOHCEPBUPYIOILEN YIIAaKOBKY — 3TO
BakyyMmHas ymakoBka (VP, CVP). O6bruHas mpopormxm-
TEIbHOCTb XPaHEHUsA BaKyyM-YIIaKOBAaHHOJ TOBSAAVHBI U
CBUHUHBI COCTaBJIsAeT 28 U 21 IeHb, COOTBETCTBEHHO. AJIb-
TEPHATUBHOI I OTHOCUTETIBHO HEJABHUII TUII PO3HIYHO
YIAKOBKM — 9TO BaKyyMHas CKuH-ymakoska (VSP). 9ro
OTHOCHTE/IHO HOBBII METOJ] BAKYYMHOJ YIIaKOBKY BKJTIO-
JaeT pasMellieHe TPOAYKTa Ha IOTKAX 1 00epThIBAHNE €ro
B IUICHKY IOf] BAKYYMOM IIpY TIOBBILIEHHOI TeMIIepaType.
HarpepaHye IpuBOANT K pasMATYeHUIO BEPXHell IUICHKIL,
KOTOpasi 3aTeM IUIOTHO HMOKpPBbIBAaeT IPOAYKT, HO3TOMY U
VICTIOTIb3YeTCsI TEPMUH «CKUH» («KOXKa»). DTa MpoLenypa
crioco6CTByeT Ooee MATKOMY VCIIONb30BAHMIO BaKyyMa.
PesynbTaToM SIB/ISIETCSl CHIDKEHME HOTeph COKa 1 Ooree
JUINTeNTbHAsA MPOJO/DKUTENBHOCTb XPAaHEHNUSA IO CpaBHe-
HMIO C TPAJMIMOHHO BaKyyMHOU ymakoBKoi. Kamenik
et al. (2014) cpaBHUBaMM MUKPOOMONIOTMYECKUE CBOIICTBA
YIIAKOBAHHBIX B BaKYYMHYIO CKVH-YIIaKOBKY TOBSIVHBI 1
CBVMHUHBI C TOBAAVHON ¥ CBHMHOJ, YIIAKOBAaHHBIX B Tpa-
AUIVIOHHYIO BaKYyMHYIO YIIAKOBKY ¥ B YIIAKOBKY C MOJM-
dbunmpoBanHoit atMmocdepoii (Tabm. 1). Obiee KOMMIECTBO
JKI3HECTIOCOOHBIX MUKPOOPTaHM3MOB Ha 35 JeHb XpaHe-
HIISI JI/1s1 TOBSIAMHBI OBUIO MEXAY 6,3 11 7,8 logw KOE/17, 6e3
JIOCTOBEPHBIX Pa3/INUNil MeXY VHAVBULYA/TbHBIMUA TH-
IIaMU yIIaKOBKN. B cBMHUMHe, momymsumy 6axrepuii Ha 21
nienb 6bim Mexy 5 u 6 log  KOE/r. Boimu ycTaHOB/IeHbI
COIIOCTaBVMbIe YPOBHU B HOMIY/IAIMAX HCUXPOTPO(PHBIX
6akrepuit. OHAKO Pa3MMUMs MEXY VHAVNBULYaTbHBIMU
TUIIAMI YIIAKOBKJ OTPAXKA/IMCh B IIPEJCTAB/ICHUN OT/E/b-
HBIX IpymI 6akTepuil. BakyyMHas yIakoBKa OIpefieleHHO
ysermmunBana passutue MKbB. Kommuectsa MKD, ompepe-
JICHHBbIE B CBUHVIHE U TOBAJMHE, YIIAKOBAaHHOI B MOUQM-
LIPOBAHHOI aTMocdepe, ObIIM 3HAYUTENIBHO HIDKE, YeM
Te, KOTOpbIe ObIIV YCTAaHOBJIEHBI B CBUHIHE, YIIAKOBAHHOI
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layers of meat. The remaining 20-30% in the modified atmo-
sphere is CO2. Carbon dioxide inhibits bacterial growth by
extending the lag phase and generation time. A twenty-five
percent CO2 concentration is close to the maximum inhibi-
tion of aerobic microflora, which then decreases at <20%.
Thanks to the mixture of gases used, the usual shelf life of
MAP meat is 10 to 14 days. The second type of preservative
packaging is vacuum packing (VP, CVP). The typical shelf
life of vacuum-packed beef and pork is 28 and 21 days, re-
spectively. An alternative and a relatively modern type of
retail meat packaging is vacuum skin packaging (VSP). This
relatively new method of vacuum packaging involves plac-
ing the product on a tray and wrapping it in a film under a
vacuum at an elevated temperature. The heat causes the soft-
ening of the top film which then tightly covers the product,
hence the designation of “skin”. This procedure allows a gen-
tler use of vacuum. The result is a decrease in purge loss and
a longer shelf life in comparison with conventional vacuum
packaging. Kamenik et al. (2014) compared microbiological
properties of vacuum skin packaged beef and pork with beef
and pork packaged in conventional vacuum packaging and
modified atmosphere packaging (Table 1).

The total viable count on day 35 of storage for beef was
between 6.3 and 7.8 log cfu.g’, with no significant dif-
ferences between individual types of packaging. In pork,
the bacterial population on day 21 was between 5 and
6 log, cfu.g’. Comparable values were found in the pop-
ulation of psychrotrophic bacteria. Differences between
individual types of packaging were, however, reflected in
the representation of selected bacterial groups. Vacuum
packaging clearly enhanced the development of LAB. LAB
counts determined in pork and beef packed in a modified
atmosphere were significantly lower than those found in
pork in CVP and VSP (P = 0.044 and 0.018, respectively)
and beefin CVP and VSP (P = 0.006 and 0.003, respective-
ly). From day 14 of storage onwards, the LAB population
in meat samples in CVP and VSP was 2 log larger than
that in MAP meat. The differences remained unchanged
throughout the experiment.

Currently, the role of LAB in fresh meat spoilage is still
controversial. On one side, several species are able to dom-
inate the meat system in VP and MAP storage conditions
and can release odor-impact molecules, which may alter
the sensory profile of raw or cooked meat, albeit this is not
the case in all documented reports. The spoilage charac-
ter of some LAB taxa is ambiguous and probably corre-
lated with specific spoilage-associated capacities of indi-
vidual strains that cannot be attributed collectively to the
respective species. Moreover, for the LAB with negligible
role in sensory spoilage, a bioprotective function in meat
can be hypothesized as they can provide favorable antago-
nistic activity against other undesired microorganisms
(Pothakos et al., 2015).

LAB as a spoilage agent of meat products

The ability of bacteria to adapt to the conditions of
the external environment is a key factor in determin-
ing whether they survive and continue to grow. Psychro-
trophic lactic acid bacteria (LAB) are well adapted to
the environment of meat products, which are character-
ised by microaerophilic conditions along with a lower
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B BaKYyMHYI0 VIIAKOBKY U BaKyyMHYIO CKUH-YIIaKOBKY
(P = 0,044 u 0,018, COOTBETCTBEHHO), U TOBAIVUHE, YIIaKo-
BAaHHOJII B BAKYYMHYIO YIIAKOBKY ¥ BaKyyMHYIO CKIH-YyIIa-
koBKy (P = 0,006 1 0,003, COOTBETCTBEHHO).

Haumnaa c¢ 14 gua xpa"enma nonynagum MKDB B
obpasijax MsAca B BaKyyMHOJl YIIAaKOBKE U BaKyyMHOI
CKMH-YTIaKoBKe 6bin Ha 2 log, | 607bIle TI0 CPAaBHEHMUIO C
MSCOM, YIIAKOBaHHBIM B MOAUQUIVMPOBAHHON aTMocde-
pe. Pazmrunsa octaBannich HeM3MEeHHBIMU Ha IIPOTSDKEHNN
BCETO SKCIIEPUMEHTA.

B nactosamee Bpemsa ponb MKbB B mopue cBexxero msca
Bce ele npoTuBopeunBasd. C OfHOI CTOPOHBI, HECKOTBKO
BUJIOB CIIOCOOHBI IOMUHUPOBATb B MACHON CUCTeMe B
YCIIOBUSIX XpaHEHMsI B BAaKyyMHOI YIIAaKOBKe VU BaKy-
YMHOJ CKMH-YIIAKOBKE JI MOTYT BBIIENIATbL OKA3bIBAIO-
iye BIMSIHME Ha 3allaX MOJIEKY/IbI, YTO MOXKET M3MEHATD
CEHCOPHBIIT IPO(IUIIb CBIPOrO MU TepMOOOPAOOTAHHOTO

a_ value, and in which sodium chloride and nitrite are
present (Samelis et al., 2000). Certain species of the ge-
nus Lactobacillus, such as L. sakei and L. curvatus, com-
prise the dominant microflora in dry fermented sausages
(Bonomo et al., 2008; Cocolin et al., 2009).

On the other hand, there is also alarge group of cooked
meat products in which the presence of microorganisms
and their metabolic activity is undesirable, as they induce
spoilage and therefore reduce the shelf life of the given
meat products. Psychrotrophic lactic acid bacteria have a
crucial part to play in these negative effects (Slongo et al.,
2009; Audenaert et al., 2010). Their presence is often
connected with secondary contamination during packing
or slicing, as they are not capable of surviving the heating
involved in the cooking process (Franz, von Holy, 1996).
Thermal resistant species also exist, however, which are
not destroyed by higher temperatures (generally 70 °C),

Table 1. Microbiological analysis of packaged beef and pork meat samples

(MAP: modified atmosphere, CVP: vacuum, VSP: skin vacuum) during storage (mean = s.d., log cfu.g"; Kamenik et al., 2014)
Ta6muua 1. MukpoOuonornyeckuii ananus 006pasioB yHaKOBaHHbIX TOBSAMHBI Y CBHIHbI

(MAP: mogudunuposannag armocdepa, CVP: BakyyMHas ymakoBKa, VSP: BaKyyMHas CKMH-YIIAKOBKA) BO BpeMs XpaHeHI
(cpemnue 3HayeHys: + craHgapTHbIE OTKIOHeHNs, log KOE/r"; Kamenik et al., 2014)

Day of sampling | Beef | ToBaguna Pork | CBunmnua
At orGopa npot MAP CvP VSP MAP CvP VSP
0 1.37+£0.44 2.55+0.63
7 3.04+0.72 3.45+0.15 2.75+0.31 2.60+0.29 3.31+£0.55 2.12+0.46
TVC 14 3.70+0.45 4.2840.60 3.48+0.97 4.92+1.04 4.12+0.29 4.24+0.74
21 6.66+0.05 6.94+0.89 7.15+0.49 6.37+0.99 4.87+0.52 5.03+0.36
35 6.81+£0.51 6.27+0.68 7.82+1.71 — — —
0 0.000.00 0.17+0.32
7 0.00+£0.00 0.41£0.65 0.05+0.12 0.00+0.00 0.44+0.49 0.37+£0.36
LAB 14 0.34+0.68 2.50+0.65 2.51+£0.49 0.10£0.16 2.10+0.54 2.37+£0.53
21 2.28+0.98 4.30+0.88 5.01£0.92 2.24+0.84 4.31+1.04 4.77+0.76
35 1.97+0.82 4.94+0.68 5.14£0.75 — — —
0 1.33+0.58 1.79+0.82
7 3.26+0.94 3.62+0.18 2.61+0.97 3.20%0.36 3.57+0.59 2.33+0.40
PSY 14 3.81+0.39 3.24+0.77 1.60+0.55 2.35+0.87 2.31+0.93 1.80+0.45
21 6.22+0.40 6.02+0.56 5.7010.42 6.17+1.02 5.53%+0.63 5.4620.60
35 7.10+£0.51 7.16+0.22 7.11£0.27 — — —
0 0.33+£0.58 0.40+0.55
7 2.02+0.23 0.63+0.88 0.55+0.76 0.94+0.99 0.68+0.65 0.39+0.54
PSE 14 2.09+0.37 0.74+1.02 0.000.00 2.33+0.17 2.13+0.27 1.69+0.71
21 2.04+0.47 1.46+0.41 0.00+£0.00 2.31+£0.20 2.12+0.35 1.96+0.24
35 5.01+0.97 1.85+0.36 0.54+0.89 — — —
0 0.00£0.00 0.00£0.00
7 0.00+0.00 0.00+£0.00 0.000.00 0.00+0.00 0.00+0.00 0.00+£0.00
BRO 14 0.96+0.60 0.00£0.00 0.64+0.63 0.72+0.69 0.70+0.71 0.26+0.36
21 1.81£0.19 1.13+0.18 0.42+0.58 2.15+0.19 1.50%0.16 0.13+£0.29
35 2.53+0.73 1.14£0.66 0.00£0.00 — — —
0 0.00+0.00 0.20+0.45
7 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 1.35+0.81 0.80+0.72
COL 14 0.00£0.00 1.34+0.98 0.37£0.51 0.09+0.19 2.18+0.36 2.60+0.28
21 0.00+£0.00 1.11£0.94 1.13+1.05 0.11+0.25 3.37+0.62 3.86+0.34
35 0.00+0.00 0.99+1.62 0.67+0.93 — — —

(TVC = total viable count; LAB = lactic acid bacteria; PSY = psychrotrophic bacteria; PSE = Pseudomonas spp.;

BRO = Brochothrix thermosphacta; COL = coliform bacteria)

(TVC = o611ee KOMMYECTBO KU3HECTTOCOOHBIX MIKPOOpPrann3mMoB; LAB = monounokucnbie 6axrepuis; PSY = ncuxporpodusie 6axrepuu;
PSE = Pseudomonas spp.; BRO = Brochothrixthermosphacta; COL = xonmudopmusie 6axrepu)
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MsCa, XOTSI 3TO He BCeT/ja IPOUCXOANTIO BO BCEX TOKYMEH-
TUPOBAHHBIX COOOIeHMAX. XapaKTep IOPYM Y HEKOTO-
PBIX TAKCOHOB MOTIOYHOKMCTIBIX OaKTepUit HEOJHO3HAYEH
U BEPOSTHO KOppenupyeT cO Clennu4ecKuMU acco-
LUMPOBAHHBIMU C THOpYeil CHOCOOHOCTAMMU OTHENTbHBIX
IITaMMOB, KOTOPbI€ He MOTYT OBITh KO/UIEKTVBHO IIPUIIN-
CaHBbI COOTBETCTBYIOMINM BuiaM. Kpome toro, gia MKb
C HE3HAYMTENTbHOM PO/IbI0 B CEHCOPHOI ITOpYe, MOXKHO
IPEeAIONOKUTD OM03AIUTHYIO0 PYHKIVIO B MACE, TaK KaK
OHU MOTYT IPENOCTaBUTH OIArONpUATHYI0 AHTArOHU-
CTUYECKYI0 aKTUBHOCTD IIPOTUB [IPYTUX HeXKeNTaTeTbHbIX
mukpoopranusmos (Pothakos et al., 2015).

MKB kax 6036y0umenu nopuu Maconpooyxmos

Crnoco6HOCTb GakTepuil afanTUpOBaTbCA K YCIOBHU-
AM BHEIIHeN Cpefbl SAB/IACTCS K/IOYEeBBIM (PAKTOPOM B
OIIpeJie/leHN N TOTO, OYAYT /I OHY BBDKMBATD ¥ IPOROTI-
XaTb pacTit. IIcuxpoTpodHbIe MOTTOYHOKNC/IbIE OaKTepun
(MKB) xopo1o afanTipoBaHbl K Cpefie MACHBIX IIPORYK-
TOB, KOTOpas XapaKTepU3yeTCs MUKPOA3POUIbHBIMU
yCoBuAMM Haps/y ¢ 60/ee HUSKMM yPOBHEM a , I B KOTO-
PBIX IPUCYTCTBYIOT XIOPUA U HUTPUT HaTpus (Samelis et
al., 2000). Onipenenennble Busbl poga Lactobacillus, Takne
Kak L. sakei v L. curvatus, IpeACTaBasAOT cCOO0M HOMM-
HUPYIOIIYI0 MUKPODIOPY B CyXux (epMeHTHPOBAHHBIX
konmbacax (Bonomo et al., 2008; Cocolin et al., 2009).

C [pyroit CTOpPOHBI, TAaKXXe CYIIeCTBYeT Oobluas
Tpynma TepMooOPabOTaHHBIX MSCONPOAYKTOB, B KOTO-
PBIX IPUCYTCTBYE MUKPOOPIaHM3MOB U UX MeTabosde-
CKasA aKTMBHOCTDb HEXKe/aTeIbHbI, TAK KaK OHU BbI3bIBAIOT
HOPYY, ¥ TAaKUM 00pa3oM CHIDKAIOT IIPOJIO/DKUTEIBHOCTD
XpaHeHMs1 J[JaHHBIX MsICONpOAyKTOB. Ilcuxporpod-
Hble MOJIOYHOKNC/IbIe OaKTepyuy WUIPal0T KPUTUYECKYIO
PO/b B 3TMUX HeraTMBHBIX 3¢ ¢exTax (Slongo et al., 2009;
Audenaert et al., 2010). VIx npucyTcTBue 4acTo CBsi3a-
HO C BTOPMYHOJ KOHTAaMMHALMel BO BpeMS YIIAKOBKIU U
Hapes3Ky, TaK KaK OHM He CIIOCOOHBI BBDKMBATH B IIPO-
necce Tepmoobpadorkn (Franz, von Holy, 1996). Onna-
KO TaKXKe CYLIeCTBYIOT TepMOYCTOIUYMBbBIE BUMIbI, KOTO-
pble He paspyuarorcs 6ojee BBICOKVMIU TeMIepaTypaMu
(o6praro 70 °C), M KOTOpBIE CHOCOOHBI K JIa/IbHENIIeMy
POCTY PV IPUTOfHBIX YCTIOBMAX.

Duskova et al. (2016) nmpoBenra MUKPOOMOTOrMYeCKIit
aHa/IN3 OTHE/IbHBIX TEXHOTOTMYECKNX OIlepaliil BO Bpe-
M1 IPOMBIIIIEHHOTO IIPOM3BOJICTBA BAPEHBIX OKOPOKOB C
akentoM Ha MKB. O6pasupl oréupanu B TedeHue Bce-
O LIMK/Ia IIPOU3BOJCTBA BAPEHBIX OKOPOKOB B Mae-MIOHe
(9xcriepumenT 1) M HOsIOpe-mekabpe (3KCIEPUMEHT 2).
Bcero 6b110 0TOOpaHO 1 3aTeM uccienoBano 215 ob6pas-
nos. Pasmune B npucyrcreun MKD B MsAce o Tepmoo-
OpabOTKM MPOMCXOAMIO OT MCXOFHOTO YPOBHsI KOHTa-
MMHAIVMM ChIpbs. Bo Bpems Tepmmueckoi o6paboTku
(remneparypa B meHTpe 70 °C/10 MMH.) IPOMCXOAUIIO
caykenne kommdecrsa MKb or 4,0 - 5,0 log KOE/r" msca
fo IpakTudyecku Hynesoro yposH:A. llomymauun MKDB
YBeIMYNBAINCh BO BpeMsl XpaHEHNsI TOTOBBIX IPOAYK-
T0B. YpoBeHb 7,0 log KOE/r! 61 JOCTUTHYT B TOMTHKAX
OKOpOKa, YIIaKOBAaHHOTO B MOAM(UIVMPOBAHHOI aTMOC-
depe, mocie Tpex (9KCIepuUMeEHT 1) Wim ABYX (9Kcmepu-
MEHT 2) HeJle/Ib XpaHeHMs, COOTBETCTBEHHO. B obpasmax
BapeHOro OKOpOKa IHOCjIe TepMoobpaboTKy 6oree 4acTo
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and which are capable of further growth under suitable
conditions.

Duskova et al. (2016) performed microbiological analysis
of individual technological operations during the industrial
production of cooked hams, focusing on LAB. Samples were
taken during the course of the entire cooked ham produc-
tion cycle in May-June (Experiment I) and November-De-
cember (Experiment II). A total of 215 samples were taken
and subsequently tested. The difference in the occurrence of
LAB in meat before thermal processing resulted from the
initial level of contamination of the raw material. A reduc-
tion to the number of LAB from 4.0-5.0 log cfu.g’ of meat
to a value of practically zero occurred during the thermal
processing (core temperature of 70 °C/10 min). The LAB
population increased during storage of the finished prod-
ucts. A level of 7.0 log cfu.g' was reached in slices of ham
in the modified atmosphere after three (Experiment I) or
two (Experiment II) weeks of storage, respectively. LAB of
the genera Leuconostoc (Leuc. carnosum, Leuc. mesenteroi-
des and Leuc. gelidum) occurred most frequently in samples
of cooked ham after thermal processing. These species were
also isolated from the production environment. Lactobacil-
lus sakei, Lbc. curvatus and Weissella viridescens were other
species of LAB that were isolated from samples after thermal
processing (Duskova et al., 2016). The thermal resistance of
Weissella viridescens was studied under laboratory condi-
tions (0.9% NaCl; 50, 60 or 70 °C/5,10 or 15 min.) and in dry
cooked meat products (Kamenik et al., 2015). Nine batches
of hot smoked dry sausage were prepared differing in terms
of the size of the inoculum of W. viridescens (3 log cfu.g”
of sausage batter, 4 log cfu.g”) and the addition of dextrose
(0, 0.1, 0.2, 0.3 and 0.4%). W. viridescens was detected in
samples with a lower concentration of inoculum only after
2 weeks of ripening. But in batches with a higher concentra-
tion of inoculum W. viridescens was detected immediately
after cooking and the number of cfu exceeded 7 log.g” dur-
ing ripening. The addition of dextrose did not influence the
growth of Weissella. Survival of the species W. viridescens in
hot smoked dry sausages was also demonstrated under the
conditions of industrial production.

Duskova et al. (2015) determined the potential spoilage
agent in hot smoked dry sausages. A total of 87 Vysocina
sausages obtained from eight producers in the Czech
Republic were analysed. The number of LAB ranged from
2.00 to 7.88 log CFU/g. Weissella viridescens was found in
30 of the 42 samples positive for LAB (71.4%), in 23 cases
(53.5%) as a monoculture of LAB. An analysis of the factory
environment and raw materials (84 swab samples) for the
presence of LAB was conducted in relation to three producers.
The species W. viridescens was found in just 2.4% of all swabs.
As total of four samples designated for reworking contained
LAB, with three samples being positive for the presence of
W. viridescens, authors suggested that the reworking process
leads to subsequent growth of thermoresistant strains causing
spoilage of the sausages (Duskova et al., 2015.
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Bcrpeyamice MKDB popma Leuconostoc (Leuc. carnosum,
Leuc. Mesenteroides u Leuc. gelidum). 9Tu BUABI Takxe
BBIIEJISUIN U3 TIPOU3BOACTBEHHON Cpenbl. [Ipyrumu Bu-
mamu MKB, koTopsle Bpifensnmm u3 06pasios mocie Tep-
Moob6pabotku, 6bit Lactobacillus sakei, Lbc. curvatus u
Weissella viridescens (Duskova et al., 2016). V3yuamu tep-
MoycroirunBocTh Weissella viridescens B maboparopHbIx
ycnosusax (0,9% NaCl; 50, 60 nwmm 70 °C/5, 10 wmu 15 MyH.)
WIN B CyXUX BapeHbIX Mscompoaykrax (Kamenik etal.,
2015). BpUIO M3rOTOB/IEHO 9 MAPTHUII CYXOil KOIOACH TOps-
4ero KOITYeHNsI, KOTOpble Pasanyaaich M0 06beMy MHO-
kynara W. viridescens (3 log KOE/r! xon6acHoro ¢apura,
4 log KOE/r") n go6aBnenuto gexcrpossr (0; 0,1; 0,2; 0,3
0,4%). W. viridescens 6b11 oripesienieH B obpasiax ¢ 6onee
HM3KOJ KOHLIEHTPALMeN MHOKY/ATA TONbKO I0C/e 2 He-
menb co3pesanys. Ho B dapie ¢ 60/ee BbICOKOI KOHIEH-
Tparuert uHoKynAta W. viridescens 6bU1 OIpefienieH cpasy
Xe Tmocie Tepmoobpaborku, n konnaectBo KOE mpeBbi-
mano 7 log KOE/r! Bo Bpemsa cospeBanus. [lob6asneHue
[IeKCTPO3Bl He OKa3bIBajlo BIMAHMA Ha pocT Weissella.
BeoxuBanue Buga W. viridescens B cyxoit konbace ropsi-
4ero KOMYeHMs TakKXe OBIIO NPOEMOHCTPUPOBAHO B
YCTIOBMSIX IIPOMBIIIIEHHOTO IIPOU3BOJICTBA.

Duskova et al. (2015) onpenensiii mOTeHIAA HOPYY B
CyXMx Kombacax ropsdero KomdeHus. Bcero 6bu10 aHanu-
supoBaHo 87 kombac Vysocina, IOTyYeHHBIX OT BOCHMMU
npousBoputeneit B Yemckoit Peciybnuke. Kommuectso
MKSB 65110 B guanasone 2,00 go 7,88 log KOE/r. Weissella
viridescens 6bU1 0OHapy>keH B 30 u3 42 06pasIioB, 1OI0-
xutenbHblx Ha MKD (71,4%), B 23 cnyuasax (53,5%) kak
MoHoKynbTypa MKB. ¥V Tpex mpoussBoputerneit 6bu1 po-
BeJleH aHa/M3 OKPY’KAIoLell Cpefbl MPeAnpusaTus U Chl-
pbs (84 obpasios cmbiBoB) Ha mpucyrcTBue MKB. Bun
W. viridescens 6b11 0OHapY>keH TONBKO B 2,4% BCeX CMBIBOB.
Bcero 4 o6pasiia, mpenHa3HaYeHHBIX /1 OBTOPHON 00-
pabotku, cogepxanu MKB, pu atoMm Tpu o6pasia 6bUIm
HOJIOKUTETbHBIMY Ha IpucyTcTBUe W. viridescens; aBTOpbI
0/IaTaI0T, YTO MPOLIeCC IOBTOPHOI 06pabOTKY IPUBOAUT
K TOCTIEAYIOIEMY POCTY TEPMOYCTOIYMBBIX IITAMMOB,
BBI3BIBAIOIINX MTopuy Konbac (Duskova et al., 2015).
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