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AHnHomauyus

Onpedenena Heobxo0umocmv 00HOB/EHUS Kpumepues Oe3-
ONACHOCTU MACHO20 CbIPbA, UCHOTIB3YeMO020 OIS NPOU3600CHBa
COIPOKONUEHbIX KONIOAc. YCmaHOo6/eHo Hanuuue 6 MACHOM Cbi-
pve aHmepomokcuzeHHblx wimammos S. aureus. Ompabomana
memoouka u npeonoscenvt ITI[P-no0xo0vr udenmuguxayuu
U CKPUHUH2A IHIMEPOMOKCULEHHBIX WUIMAMMOB U UX MOKCUHOB
8 MACHOM colpve. [T udeHmupuKkayuy IHMepomoKcUuzeHHOCHU
BULABTIEHHDIX CTNAPUIOKOKKOB b HATIOEHL U U3YHeHbL KOHCep-
samusHvle YHaACmKU NOCIe008amenvHOCHIell eeHo8-MuueHell S.
aureus, omeeuaiouiue 3a 6bpadoOmMKy pasIuuHbIX 6U006 IHMEPO-
moxcunos (A, B, E, C, D). Takse ckoHcmpyupoeanvi Kopomxkue
ppazmenmor HyKneuHoB80U KUcI0mol (npaiimepot), coomsemcm-
BYI0U4UE INUM BbITEIIEHHDIM 2EHAM.

B pesynmvmame udenmuguxayuu Ob10 yCHaHOBIEHO, UMO
2 BLIABNIEHHBIX WMAMMA S. Aureus AJANUCL IHIEPOMOKCU-
eennvimu. O0uH U3 Hux npodyyuposan moxcunv. muna A u E
(wumamm NGI), a emopoii — mokcunvt muna C u E (wumamm
NG2). Yyscmesumenvrnocmo u cneyuduurnocmo memooda I[P
8 peanvHOM 8pemMeHU NO360/IULA NPOEOOUND He MONbKO UOeH-
MUPUKAYUI HUCHBIX KYTbMYD, HO U CKPUHUHZ IHMEPOmokK-
CUSEHHDIX WMAMMOB U UX MOKCUHO8 6 npodykme. Jamovl pe-
KOMeHOAUUYU UCNONIb3068AMb MEMOOUKY 8 NPOU3BOOCHBEHHOM
KOHMPpOe HA HAZUYUE IHINEPOMOKCULEHHBIX WMAMMO8 S. au-
reus 6 MACHOM Cbipbe, UCNONIb3YeMOM OIS NPOU3BOOCNBA CbLPO-
KonueHvLx Konbac.

BBegenne

Cradm/IOKOKKOBBIE TOKCMKO3bI 3aHMMAIOT Befylee
MeCTO B 3TMOJNOTMM IUIIEBBIX OTPABIEHWUII, HAIpUMep
B Ounnangnnu, Vicnanum n CIIIA onu Ha 1-M MecTe, BO
Opannun, OPT, Ipeunn, IOrocnasun u Kanazge Ha 2-M Me-
cTe, a B Benmukobpuranun Ha 3-m mecrte [1].

[Ipy4nHOI NNIEBBIX MHTOKCUKALNI CTaUIOKOKKO-
BOJ 3TUOJIOTUM ABJIAIOTCA SHTEPOTOKCUHBI, IPOSYLUPY-
eMble SHTePOTOKCUTEHHBIMM LITaMMaMu S. aureus. ITn
MUKPOOPTaHU3MbI IPOAYLVIPYIOT HIECTb CEPONIOTMYECKIX
tumoB TokcuHOB: A, B, C, D, E, E

ITpu aToM OTAenbHbIE ITAMMBI S. aureus MOTyT NIPO-
AYLVPOBATh Cpa3y HECKOJIBKO TUIIOB TOKCVHOB (2, 3, 4, 5].
[Ipu anmuMeHTapHOM 3apaskeHn N JieTanbHas fo3a — LD, =
4 x10°Mr1/KT.

OpHMM W3 MICTOYHMKOB OTPAaBJIeHNA ABJIAIOTCA MSACO
Y MACOIIPOAYKTBL. DHTEPOTOKCUHBI 30I0TUCTOTO CTApu-
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Abstract

The need to renew the safety criteria for meat raw material used
in production of fermented sausages was determined. The pres-
ence of the enterotoxigenic S. aureus strains in meat raw ma-
terial was established. The method was mastered and the PCR
approaches to identification and screenings of enterotoxigenic
strains and their toxins in meat raw material were proposed. In
order to identify enterotoxigenicity of detected staphylococci, the
conservative regions of the S. aureus target gene sequences re-
sponsible for production of different types of enterotoxins (A, B,
E, C, D) were found and studied. In addition, short fragments of
a nuclear acid (primers) corresponding to these revealed genes
were constructed.

As a result of identification, it was established that two isolated
strains of S. aureus were enterotoxigenic. One of them produced
type A and E toxins (strain NGI1) and another produced type C
and E toxins (strain NG2). The sensitivity and specificity of the
real-time PCR method allowed not only identification of pure
cultures but also screening of enterotoxigenic strains and their
toxins in a product. The use of this method in the production
control for the presence of the enterotoxigenic strains of S. aureus
in meat raw material used in fermented sausage manufacture
was recommended.

Introduction

Staphylococcal toxicoses occupy the leading position in
etiology of food poisoning. For example, they are ranked
first in Finland, Spain and the USA, the second in France,
Germany, Greece, Canada and the states of the former
Yugoslavia, and the third in the UK [1].

The causes of food-borne intoxications of staphylococ-
cal etiology are enterotoxins produced by the enterotoxi-
genic strains of S. aureus. These microorganisms produce
six main serological types of toxins: A, B, C, D, E, E

Moreover, individual S. aureus strains can produce
several toxin types simultaneously [2, 3, 4, 5].
Upon alimentary infection, the lethal dose is LD, =
4 x107° mg/kg.

One of the sources of poisoning is meat and meat prod-
ucts. S. aureus enterotoxins persist in meat food systems
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JIOKOKKa JJINTE/TbHO COXPAaHAKITCA B MACHBIX NUIEBBIX
CHCTeMax Ja)ke IIPU OTCYTCTBUY OaKTepMalTbHBIX KIETOK,
YTO U IpefolpefieNdeT BO3MOXHOCTb BO3HMKHOBEHUA
TOKCHMKO3O0B.

OHTepOTOKCHMHBI B MACHOM (hapiile, B CBIPOM, a TakKe
B Bape€HOM MsCe MOTYT HaKaI/IMBaTbCA 3a 14-16 4 mpu
temneparype 35-37°C, B mamrerax — 3a 10-12 4, a B ro-
TOBBIX KY/IIMHAPHBIX MACHBIX M3JENNAX IIPU KOMHATHO
TeMIlepaType XpaHeHnsa — 3a 3 4.

KonrammHanusa Msaca mmkpoopranmsmamm Staphylo-
coccus aureus MOKET IPOU3ONTH P >KU3HU KMBOTHBIX
B pe3y/IbTare IlepeHeCeHHbIX 3a00/IeBaHNMIL.

ITpu BeTepMHapHO-CAaHUTAPHON SKCIIEPTH3€ OPraHOB
U TKaHell yOOIHBIX >XMBOTHBIX MOTYT OBITb BBIABJICHBI
eVIHUYHbIEe MV MHOXKeCTBEHHbIe abcIiiecchl B mMMQoys-
JIaX, BO BHYTPEHHNUX OPraHaX I B MBILUIEYHON TKAHU, KO-
TOpbIe 00YC/IOB/IEHbI Pa3/INYHBIMI MHQEKIVIOHHBIMY 60-
JIe3HSAMU XVBOTHBIX, (aKTMHOMMKO3, KOpMHEOaKTepnos,
HCeBOTYOepKyIIes, Tybepkyes, cTapuIIIOKOKKO3 1 fip.).
CradM/IOKOKKM BBIABIIAIOT U3 a0CLeCCOB IMOPaXKAIOIIMX
OpraHbl U TKaHM: Y KPYIIHOT'O POraTOro CKOTa IOpa’keHue
cocraBnAeT — 7 % OT 4ycna 00CIeOBaHHbIX TYII, y CBU-
Hell — 4%, y oBery — 13%.

307moTHCTBINT  CTaUIOKOKK  SIBIsieTCsl  Hambosee
YacTBIM BO30ynuTeneM CTadUIOKOKKO30B Cpeiy BCexX
cTa(pMIOKOKKOB 1 Ha €ro IO IpuXoanTcs oT 9 1o 89%
ciydaeB 3aboseBaHuit [6].

ITpu mocTymIeHNny MACHOTO CBIPbsI, CO CKPLITBIMU BHY-
TpeHHMMM abclieccaMyl, MOXKeT IPOVICXOANTb KOHTaMIHA-
1y papiia, pefHa3HaYeHHOTO /I IPOM3BOACTBA MACHBIX
usgienuit. B cmydae mpousBoicTBa BapeHbIX, BApeHO-KOII-
YeHBbIX KO/I0AC WM KOHCEPBOB IIPOMCXOAUT MHAKTVBALINSA
IIATOTEHHBIX I YCIOBHO-TIATOT€HHBIX MYKPOOPTaHM3MOB 32
CYeT TeIIoBoit 00paboTku. B To Bpems kak, pepmeHTHPO-
BaHHBIE U3/Ie/NA, TEXHOIOIVIAA KOTOPBIX He IIPeflyCMaTpyBa-
€T BBICOKOTO TeMIIEpaTypPHOI'O BO3JIE/ICTBMA, MOTYT CTaTb
6/1aronpyATHON Cpefoil I pasBUTUA CTa(UIOKOKKOB
U1 COOTBETCTBEHHO VI IIPMYMHOI TOKCUKO30B.

HopmaTusnaa noxymenTtanusa PP ne npegycmarpusa-
€T MCCIefOBaHNA MsAca Ha S. aureus U BbIABJICHNA SHTe-
POTOKCMHA B TOTOBOJ MACHOI TpopyKuuu. besonacHocTb
OpOAYKUUM, HAaIpUMep CBHIPOKOIIYEHON, OIpefeniercs
TOCTVKEHMEM ITIOPOrOBOTO YPOBHA B/Iaru Ha ypoBHe 30%
U OTCYTCTBYEM JIPYTOro MUKpoopraumnama — E. coli B ofi-
HOM IpaMMe IpOfyKTa [7].

B 3apy6esxHoOII IpaKTyKe Ipy IIPOU3BOACTBE pepMeH-
TUPOBaHHBIX kKormbac GMP cymecTByeT anroputm pacde-
Ta BpeMeHM pepMeHTan Uy 1o Gopmye

(T-60°F)xH,
roe T — temnepatypa co3pesannus, °F; H — Bpemsa mporjecca, u;
B T€4YeHMEe KOTOPOTO JOCTUTAETCs Oporosas BenuunHa pH

IpOAYKTA, IpU KOTOPOIt S. aureus He oOpasyeT oHeTEpO-
TOKCVHOB.

ITOT aTOPUTM ONIPENENAET MAKCUMATbHOE KOIMYECTBO
BpeMeH, IIPM OIIpefie/IeHHON TeMIleparype ¢pepMeHTalum
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for a long time even in the absence of the bacterial cells,
which predetermines a possibility of toxicosis.

Enterotoxins in minced meat, raw and cooked meat
can accumulate during 14-16 hours at a temperature of 35—
37°C, in patés during 10-12 hours and in ready culinary
meat products during 3 hours at a room temperature.

Meat contamination with S. aureus can occur during
animal life as a result of past diseases.

Upon veterinary-sanitary inspection of organs and tis-
sues of slaughter animals, individual or multiple abscesses
in the lymphatic nodes, in the internal organs and muscle
tissue can be revealed, which are conditioned by various
infectious diseases of animals (actinomycosis, corynebac-
teriosis, pseudotuberculosis, staphylococcosis and others).
Staphylococci are isolated from abscesses that affect organs
and tissues: in cattle, the lesions account for 7% of the in-
spected carcasses, in pigs for 4%, in sheep for 13%.

S. aureus is the most frequent infectious agent of staph-
ylococcosis among all staphylococci and accounts for 9 to
89% cases of disease [6].

Upon entering meat raw material with hidden inter-
nal abscesses, contamination of minced meat intended for
meat product manufacture can occur. In case of manufac-
turing cooked or cooked and smoked sausages, or canned
foods, pathogenic and conditionally pathogenic microor-
ganisms are inactivated due to thermal treatment. How-
ever, fermented products, which technology does not
stipulate an exposure to a high temperature, can become
a favorable environment for staphylococcal development
and, therefore, a cause of toxicosis.

The normative documentation of the RF does not stip-
ulate meat analysis for S. aureus and detection of the en-
terotoxin in finished meat products. Product safety in fer-
mented products, for example, is determined by reaching a
threshold moisture level of 30% and the absence of E. coli
in one gram of a product [7].

In foreign practice, when producing fermented sausag-
es adhering to GMP, there is an algorithm for calculation
of fermentation duration according to the equation

(T-60°F)x H,
where T is a temperature of ageing, °F; H — process time, h, dur-

ing which a product reaches the threshold pH value, at which
S. aureus does not produce enterotoxins.

This algorithm determines maximum time at a specific

sausage fermentation temperature, during which the pH



2016 | N24 TEOPUSI N NPAKTUKA NEPEPAGOTKN MSICA

Kornbac, 3a koropoe pH NpomykTa JODKHO CHUSUTBCA MO
3Ha4YeHu: 5,3. ITO 3HaYEHNe BbIPAXKAETCA B IIPOM3BENeHNN
«°F/4gacp». TeMneparypa B 91011 pOpMYIIe OIIpefiensieTcs Kak
pasHHUIIA MeXly TeMIlepaTypoil codpeBaHms U «60°F» —
HIVDKHEN TPaHMIIel TEMIIEPATYPBbI, IIPY KOTOPOJ BO3MOXKHO
obpasoBaHIe cTadMIOKOKKOBBIX 9HTEPOTOKCHHOB [8]. Tak
npu cootHomennn «°F/49acpl», pasHoM 1200 11pu Temmepa-
Type «75°F» Bpems, 3a kotopoe pH cbIpbsa [O/DKEH CHU-
3UThCA 70 5,3 coctasiseT 80 4, a s «°F/gac», pasaoM 900
nipu «110 °F» ato Bpems cocTaBut 18 4.

/I3BecTHO, 4TO KPUTNYECKUM (PAKTOPOM IKCIPECCUN
CTa(pMIIOKOKKOBOTO 9HTEPOTOKCMHA, moMuMo pH, aBia-
1oTcs aspl pocta cTapUIOKOKKOBBIX KneTok [9]. Han-
6oiee MHTEHCUBHO SHTEPOTOKCHHBI HAaKAIIMBAeTCA Ha
CTagyuy 710rapuMUUECKOro pocTa, KOTfla KOIMYeCTBO
K1eToK gocturaet sHadeHns 10°-10° KOE/r. IIpu takmx
sHaveHuax KOE/r sennunna pH y>xe He okasbpiBaeT /-
MUTHPYIOIETO BO3LEICTBMS Ha POCT HEKOTOPBIX IITAM-
MOB S. aureus.

[TosToMy mpu NpoOM3BOACTBE (epMEHTMPOBAHHBIX
MSACHBIX M3JeNii He0OXOAUMO KOHTPOINPOBATDH KO-
4ecTBO S. aureus B MsAcCe ¥ CTa(UIOKOKKOBOTO SHTEPO-
TOKCVMHA B TOTOBBIX M3JIe/INAX, OCOOEHHO eC/M IpoIjecc
(depMeHTaNVMM IPOTEKA IIPK TeMIleparypax Bbile 16 °C
UM MMeJIa MeCTO HU3KaA cKopocTb cHyvkeHus pH. Ilo-
UCK ONTMMAJIbHBIX YCIOBMI IIpefOTBpallleHus poCTa
3arpsI3HEHM INPONYKLMM INTaMMa S. aureus M IOCHIe-
AYIOLIET0 HAKOIUIEHMs SHTEPOTOKCHHOB SBJIAETCA BaXK-
HeifIert 3ajiaueil oTy4eHns 6€30I1acHOI MUIIeBOi po-
BYKLIWI.

ITenbio paboThl AB/ANACh pa3pabOTKa METOVIKY OI-
peneNieHNa SHTePOTOKCUI€HHBIX CTa(UIOKOKKOB B MC-
HOM CBIpbe, IIPe/JHa3HaYeHHOTO /I IPOU3BOACTBA dep-
MEHTVPOBaHHBIX Kobac.

Marepuanbl 1 METOMbI

[l BbIOOpa Hamboee ONTYMA/IBHBIX YCIOBUII KYJIb-
TUBVMPOBAHMs IIPM BBIABACHMM S. aureus B IIPORYKINK
C BBICOKVIM COZIep>KaHNeM KOary/lIa3OHEeraTUBHBIX CTau-
JIOKOKKOB (BXOJISIIVIX B COCTaB CTAPTOBBIX KY/IBTYP) ObIIO
IIPOBEJEHO MCCTIefIOBaHNe CHaYajIa Ha TeCT-IITaMMaXx, a 3a-
TeM Ha IByX MOJE/IbHBIX MACHBIX CHCTEMAaX C e€CTeCTBEeH-
HBIM CoOflep)KaHueM S.aureus, KOTOpble ObUIM OTOOpaHBI
B paMKax IpebIyIeli paboThl, OMCaHHOM B cTaThbe [10] .

TecT-mITaMMbl OBUIN TIPEACTABIEHBI CMECHIO S. aureus
u S. carnosus B cootHomenuu 2x10* u 2x10” KOE/cm?
COOTBETCTBEHHO. VICXOIHbIE CyCIIeH3MM ABYX MUKpPOOp-
TaHM3MOB OBLIM IIPUTOTOBJIEHBI C MICIIO/Ib30BAHVEM CTaH-
mapta mytHoctu Mak®apnanpa. Ilocne npurortosnenns
MUKPOOHOT CMecH IIPOU3BOANIIN IOCEB €€ Ha IIOBEPXHOCTD
MaHHUTOJI COJIEBOTO arapa ¢ >kelITo4Hoit amynbcueit (MCA)
C TIOMOIIIbI0 OaKTepUATBHON eI 00HEMOM 5 MKIL.

MopenbHble MsICHBIE CUCTEMbI ObUIY MTPEICTaBIeHbI 13-
Me/TbYeHHBIM MSICHBIM ChIPbeM, IOATOTOBJIEHHBIM JI/ISI IIPO-
M3BOJCTBA CBIPOKOIIYEHBIX Koymbac. VI3 HaBecok Mofernb-
HBIX MACHBIX CHCTeM Maccoif 25,0 T TOTOBWIN TIePBUYHbIE
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value of a product should drop to 5.3. This value is ex-
pressed in °F/hours. The temperature in this equation is
determined as a difference between an ageing temperature
and 60°F, which is the lower temperature limit for produc-
tion of staphylococcal enterotoxins [8]. For instance, at the
°F/hours ratio equal to 1200 at a temperature of 75°F, the
time for a reduction in raw material pH to 5.3 is 80 hours;
this time is 18 hours when °F/hours is equal to 900 at 110 °E.

It is known that a critical factor of staphylococcal en-
terotoxin expression besides pH is growth phases of staph-
ylococcal cells [9]. Enterotoxins are accumulated more
intensively at the stage of the logarithmic growth, when
the numbers of cells reach 10°-10® CFU/g. At such levels
of CFU/g, a pH value does not have a limiting effect on
growth of several S. aureus strains.

Therefore, in production of fermented meat products, it
is necessary to control the number of S. aureus in meat and
the staphylococcal enterotoxin in finished products, espe-
cially, when a fermentation process occurs at temperatures
higher than 16°C or at low rate of pH reduction. A search
for optimal conditions for prevention of product contami-
nation with S. aureus strains and subsequent accumulation
of enterotoxins is the most important task in manufactur-
ing safe food products.

The aim of this work was to develop a method for de-
tection of the enterotoxigenic staphylococci in meat raw

material intended for manufacturing fermented sausages.

Materials and methods

To choose the most optimal culturing conditions when
detecting S. aureus in products with high content of coag-
ulase-negative staphylococci (being constituents of start-
er cultures), a study was initially carried out on the test
strains and then on two model meat systems with natural
contamination levels of S. aureus, which were selected in
the framework of the previous research described in [10].

The test strains were presented by a mixture of S.aureus
and S.carnosus in a ratio of 2 x 10* and 2 x 10 CFU/cm?, re-
spectively. The initial suspensions of two microorganisms
were prepared using the McFarland standard. After prepa-
ration of the microbial mixture, it was inoculated onto
the surface of Mannitol Salt Agar with egg yolk emulsion
(MSA) using a bacterial loop with a volume of 5 pl.

The model meat systems were presented by minced
meat raw material prepared for production of fermented
sausages. The initial suspensions were prepared from the
specimens of the model minced systems with a weight of
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CyClleH3sUM C TOCHenymoueil HeliTpanusaumeii. Hasecka
Maccol1 25,0 r 6pUIa B3ATa C Le/IbI0 BbIABICHNA MabIX KO-
nn4ecTB S. aureus. B kauecTBe pa3baBUTeIA MCIIONB30BAIN
MaHHUTON-coneBoit O6ynmboH (MCB) ¢ pH unankaTopom.
Vcnonb3oBaune pasbasurensa ¢ pH MHAMKATOPOM 1O3BO-
U0 130eXaTb VCIONb30BaHMA CTEPUIbHBIX OypepHBIX
cucreM. BbuT Mcnonb3oBaH MHAMKATOP (EHOMOBBIN Kpac-
HBIIL. JI/1s1 HellTpanmusaryy MCXOHOM CyCIeH3uy 00aBIs-
m 1,0 M pactBop ruppokcupa Harpua (NaOH). Ilepeces
¢ >xuyKoit nurarenbHoit cpenpl (MCB) Ha IoTHYIO cpeny
(MCA) npoBoaui TONBKO MOC/IEe I3MEHeHNs 1IBeTa Ky/lb-
TYBVPYEMOII KUIKOCT C MaJIMTHOBOTO Ha >Ke/TBIIL.

[ToceBbI KyIbTMBMPOBAIN B a9pOOHBIX U B aHA9POO-
HBIX yC/IOBUAX IIpy TeMiiepatype 37 °C B TeueHne 24-48 4.

KonmoHuu MMKpoopraHmuaMoB ¢ 30HOI JIEUTHHA3HOM
aKTUBHOCTHU, Bbipocme MCA, Obutu ngeHTuGUIMpOBa-
Hbl MeTosioM IIIIP B peanpHOM Bpemenn. Ammnnduka-
1uo nposoaway Ha npubope ABI PRISM 7000 Applied
Biosystems (CIIIA).

[Tpu nocranoske II1P rcnonb3oBamm reH-crenyudmd-
Hble IpajiMepbl Ha BbIABJIEHUE SHTEPOTOKCMHOB TUIIOB:
A,B,C,DuE.

Bri6panHble mpaiiMepsl Obim cuHTe3upoBaHbl 3AO
«CuHrorn, . MockBa» $ocdoaMUTUAHBIM METO[OM Ha
cunTesaTope ASM-102.

Amnanus xpomocomHoit u maasmupnoit JHK o6bpexToB
U IIOVICK VX HYK/IEOTVMHBIX IIOCTIeIOBATENbHOCTEI IIPOBO-
[N TI0 TeHeTn4YecKoi 6ase HarmoHaapHOTO 1eHTpa 6u-
orexHonornyeckoy nadopmanym CIIA (National Center
for Biotechnological Information, NCBI), kotopasa Haxo-
purcst B cetu ViHTepHer [11].

AHanu3 BBIOpaHHBIX HYK/IEOTH/THBIX IIOC/IEI0BATEIbHO-
CTeil Ha BapuabelIbHOCTD U MOVICK KOHCEPBATVBHBIX Y4acT-
KOB, HEOOXO[VIMBIX I BbIOOpa IpaiiMepoB IPOBOAMIIN
C moMoluibilo KoMmiboTepHbix mporpamm CLC Sequence
Viewer u Primer Express 2 (Applied Biosystems, CIIIA).
Crennp4HOCTD BBIOPaHHBIX IIPaiMepOB aHAIN3VPOBATIN
C IOMOIIIBIO MHTepakTUBHOI crcteMbl BLAST on-line [12].

B kauecTBe OTpMIIATENILHOTO KOHTPOJA CUCTEMBI MC-
1o7b30Banm npooby He copepxkaugyio [THK ompenensembix
61M0/IOrNYeCcKNX 0OBEKTOB.

PesynpraTsl n 06cyxKmeHme

ITpu cpaBHEeHNM Pe3y/IbTATOB POCTA HA BYX I1apaJLle/b-
HBIX IT0CeBaX (PYCYHOK 1 ¥ pUCYHOK 2), YCTaHOBJIEHO, YTO
TOJIbKO ITPY @HA9POOHOM Ky/IbTUBMPOBAHNUM POCT S. aureus
JIOMUHMPYET HaJ| POCTOM S. Carnosus jjake Ipy UCXOTHOM
npeo6magaHuy B cMecy nociefHero. [Ipy aspo6HOM KyJib-
TMBUPOBAHNY IIPOVCXOANT IIpeobnafanme pocra S. carno-
sus, 4TO, B CBOIO OYepeNib 3aTPy/IHAET BbIABIEHME S. aureus.

PesynbTrarhl aHa/IOIMYHOIO MUCCIENOBAHN HO YoKe MO-
TE/IbHONM MACHOV CHCTeMBbI IIPE/ICTAB/IEHbl Ha PUCYHKe 3
U PUCYHKE 4.

Kak BugHO 13 prcyHka 3 u pucyHka 4 npu KyJIbTUBI-
pPOBaHMY IOCEBOB B a9POOHBIX YC/IOBVAX, JOMUHUPYIO-
mas MUKpoQIopa IpeAcTaBIeHa KoaryJaa3ooTpulaTeb-
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25.0 g with subsequent neutralization. A specimen with a
weight of 25.0 g was taken with the aim of detecting low
numbers of S. aureus. The Mannitol Salt broth (MSB) with
a pH indicator was used as a dilutant. The use of the dilu-
tant with a pH indicator allowed us to avoid using ster-
ile buffer systems. The indicator phenol red was used. For
neutralization of the initial suspension, 1.0 M sodium hy-
droxide (NaOH) solution was added. A transfer from the
liquid growth medium (MSB) to the solid growth medium
(MSA) was carried out only after changing the color of the
culture liquid from raspberry to yellow.

The plates were incubated in the aerobic and anaerobic
conditions for 24-48 hours at a temperature of 37 °C.

The colonies of microorganisms grown on MSA and
showing the zones of the lecithinase activity were identi-
fied by the real-time PCR method. Amplification was car-
ried out using an apparatus ABI PRISM 7000 Applied Bio-
systems (USA).

In PCR, the gene-specific primers for detection of en-
terotoxins (types A, B, C, D and E) were used.

The chosen primers were synthesized by ZAO «Sintol»
(Moscow) by phosphoamitide method on a synthesizer
ASM-102.

An analysis of the chromosomal and plasmid DNA of
the objects and a search for their nucleotide sequences were
carried out using the genetic base of the National Center for
Biotechnological Information (NCBI) via the Internet [11].

An analysis of the chosen nucleotide sequences for
variability and a search for conservative regions that are
necessary for selecting primers were performed using
CLC Sequence Viewer and Primer Express 2 (Applied
Biosystems, US). Specificity of the chosen primers was
analyzed using the interactive system BLAST on-line [12].

A sample without DNA of the objects under
investigation was used as a negative control.

Results and discussion

When comparing the results of growth on two parallel
plates (Fig. 1 and Fig. 2), it was established that S. aureus
growth dominated over S. carnosus growth only during
anaerobic incubation even in case of initial domination of the
latter in a mixture. During aerobic incubation, S. carnosus
dominated, which, in turn, hindered detection of S. aureus.

Fig. 3 and Fig. 4 present the results of the similar
investigation, but in this case with the use of the model
meat system.

As can be seen from Fig. 3 and Fig. 4, upon aerobic
incubation of the plates, the dominant microflora was
presented by coagulase-negative staphylococci, namely,
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HBIMU CTapMIOKOKKaMM, @ IMEHHO S.carnosus, KOTOpble
ObUIV BHECEHBI B MOJIC/IBHYIO MACHYIO CUCTEMY B KadecTBe
CTapTOBOI KyNIbTYphI (prCYHOK 3). OmHaKO ITpy aHA3poO-
HOM KY/IbTYBJMPOBAHNM HAOIIIOfa/IoCh IpeobIajanme po-
cTa yxe S. aureus (pUCYHOK 4).

Ha ocHOBaHMM IIOTy4eHHBIX Pe3y/IbTAaTOB, LA BbIAB-
NeHKA S. aureus M3 MACHOTO CHIPbs, IpejHAa3HaYeHHOTO
JUIA TIPOV3BOACTBA (epPMEHTUPOBAHHOI KONOACHI, PeKO-

MEHZIyeTCs IIPOBOANUTD Ky/IbTMBMPOBAaHME B CTPOTO aHa-
5POOHBIX YCTOBUAX.

Figure 1. Aerobic incubation of the mixed culture of S. aureus and
S. carnosus

Puc. 1. Aspo6Hoe Ky/IbTUBUPOBaHIEe CMEIIAHHOI KY/IbTYPBI S. dureus
u S. carnosus

S.carnosus, which was inoculated in the model meat system
as a starter culture (Fig. 3). However, during anaerobic
incubation, domination of S. aureus growth was observed
(Fig. 4).

On the basis of the obtained results, incubation in
strictly anaerobic conditions is recommended in order

to detect S. aureus from meat raw material intended for

production of fermented sausages.

Figure 2. Anaerobic incubation of the mixed culture of S. aureus and
S. carnosus

Puc. 2. AHaspo6HOe KyNbTHBIPOBAHIE CMENIAHHON KY/bTYpPBI S. aureus
u S. carnosus

Figure 3. Aerobic incubation of microorganisms on MSA
Puc. 3. Aspo6Hoe kynbruBrpoBanue Ha MCA MUKpPOOpTraHM3MOB

Figure 4. Anaerobic incubation of microorganisms on MSA
Puc. 4. Anaspo6Hoe KynbTuBrpoBaHye Ha MCA MUKpOOpraHM3MOB
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st upeHTMGUKALIY SHTEPOTOKCUTEHHOCTH BBISBIIEH-
HBIX CTa(UIOKOKKOB OBUIM HalifJeHbl U M3y4eHbl KOHCep-
BaTVBHbIE YIACTKI IIOCTIEI0BATENbHOCTE! T€HOB-MIIIECHE
S. aureus, oTBevalolIye 3a BHIPAOOTKY PasINYHbBIX BUJOB
9HTepOTOKCMHOB (A, B, E, C, D). Takxe cKOHCTpyMpOBaHbI
KOpOTKUe (parMeHTbl HYKJIeMHOBON KIC/IOTHI (IIpaiiMe-
PbI), COOTBETCTBYIOIVE STVIM BbISIB/ICHHBIM T€HAM.

B pesynbrare upentudukanyy meropom IIIP 6pi10
YCTaHOBJIEHO, YTO 2 BbISIBJIEHHBIX IITAMMa S. aureus sBJis-
JICb 9HTepOTOKCUTeHHbIMI. OfMH 13 HUX IPOAYLIMIPOBal
tokcuubl Tuna A u E (mramMm NGl1), a BTOpoit — TOKCUHBI
tuna C u E (turamm NG2).

Kpussre ammmeukanym n mrasnenns [JHK gByx sn-
TepOTOKCUTEHHbIX TaMMOB S. aureus NGl u NG2, npen-
CTaBJIEHDI Ha PUCYHKaxX 5-8.

To identify enterotoxigenicity of the isolated staphylo-
cocci, the conservative regions of the S. aureus target gene se-
quences, which were responsible for production of different
types of enterotoxins (A, B, E, C, D), were found and studied.
In addition, the short fragments of a nucleic acid (primers)
corresponding to these revealed genes were constructed.

As a result of identification by the PCR method, it was
established that two isolated S. aureus strains were entero-
toxigenic. One of them produced the toxins type A and E
(strain NGl), the second produced the toxins type C and E
(strain NG2).

The DNA amplification and melting curves for two en-
terotoxigenic S. aureus strains NGI1 and NG2 are presented
in Fig. 5-8.
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Fig 5. DNA amplification curves for enterotoxigenic S. aureus strain
NG1: 1 — positive reaction on the enterotoxin A gene; 2 — positive
reaction on the enterotoxin E gene; 3 — negative control

Puc. 5. Kpusble ammmonkaryu JHK sHTepoToKcHreHHOTO mTaMMa
S. aureus NG1: 1 — 1ono>xutenbHas peakiys Ha TeH SHTePOTOKCHHA
A; 2 — nonoXuTeNnbHasA peaklyaA Ha TeH SHTepoToKcuHa E; 3 — ot-
pUIaTeTbHbIT KOHTPONIb

Fig 6. DNA melting curves for enterotoxigenic S. aureus strain NG1:
1 — positive reaction on the enterotoxin A gene; 2 — positive reaction
on the enterotoxin E gene; 3 — negative control

Puc. 6. Kpusbie mnmasnenus JTHK sHTepoTOKcMTeHHOTO mITaMMa
S. aureus NG1: 1 — mono>xurenbHas peakijis Ha TeH S9HTEPOTOKCHU-
Ha A; 2 — TIONOXMTENbHAsA PeaKIVA Ha TeH SHTepoTOKcuHa E; 3 —
OTpUIATENIbHBII KOHTPOTIb
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Fig 7. DNA amplification curves for enterotoxigenic S. aureus strain
NG2: 1 — positive reaction on enterotoxin C gene; 2 — positive reac-
tion on enterotoxin E gene; 3 — negative control

Puc. 7. Kpusble ammudukamyy THK 9sHTepoTOKCUTeHHOT0 ITaMMa
S. aureus NG2: 1 — 10/I0KuTeNbHAsA PeaKIVA Ha TeH SHTEPOTOKCUHA
C; 2 — nonoXutenbHasA peaxliysA Ha TeH 93HTepoToKCKHA E
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Fig 8. DNA melting curves for enterotoxigenic S. aureus strain NG2:
1 — positive reaction on enterotoxin C gene; 2 — positive reaction on
enterotoxin E gene; 3 — negative control

Puc. 8. Kpusbie mnasnennusa JHK mramma S. aureus NG2: 1 — moro-
JKUTeNbHASA PeaKIysA Ha TeH SHTePOTOKCHHA C; 2 — TOMOKNUTebHASA
peaxiys Ha T'eH 3HTepoToKcuHa E
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YcrenrHocTh aMinduKaLum ¢ Iog00paHHBIMY Ipaii-
MepaMu Ui UIeHTUQUKALNMK TeHOB 3HTEPOTOKCUHOB
tuna A, C u E npencraBnena Ha puc. 5 u 7, cnerudnd-
HOCTb peaKkIuy MOATBEP)KJeHa KPWMBBIMM IIIaBIE€HNUS,
IIpefiCTaBlIeHHbIX Ha puc. 6 u 8. Ha KpuBbIX I1aBneHuns
BUJTHBI []Ba YETKO BBIPA)XEHHBIX IMKa, KOTOpPbIe COOTBET-
CTBYIOT TeMIlepaTypaM OT>KMIa IIpaiiMepoB Ha ydacTKax
T€HOB 9HTEePOTOKCHMHOB TMITIAa A M E — 76 £1°C 1 80+£1°C
COOTBETCTBEHHO, a 9HTepoTOKCHHa Tuma C — 79£1°C,
YTO COBIAJIO C TEOPETUUYECKIM PacyeTOM I10 JAHHBIM aM-
IUTMKOHAM.

B pesynbraTe IpOBeEeHHBIX WCCIENOBAHWUIT OBLUIO
YCTQHOBJIEHO, YTO 00a BBIIEJICHHBIX IITaMMa SBJLA/INCH
MY/IbTUTOKCUT€HHBIMY, T.€. COJep>Ka/lil B CBOEM IeHOMe
IIOMUMO TeHa 3HTepOoTOKcuHa E, ofMH ImTaMM elje reH
sHTOpOoTOKCMHA A (mrtamMm NGI), a BTOpoil — reH 3HTe-
porokcuna C (mramm NG2).

IlanHas mpo6rieMa akTyaabHa B MUpe U II09TOMY Be-
IYyTCA UCCIENOBAaHMA B 3TOM HampasneHun. Hampumep,
B CnoBakun u3 43 mTaMMOB CTapUIOKOKKOB, BbIfle/IeH-
HBIX U3 Pas/JMYHBIX NMIEBBIX IPOAYKTOB, 15 MITaMMOB
(34,88%) oxasanuch 3HTepOTOKCUTeHHbIMK U 7 (16,28%)
U3 HUX cofiep>kanu 3HTepoToKcuH tuma A [13]. Onenka
444 06pa3u013 Msca, IpoBeJieHHasA B AnoHuy mokasaina,
4TO B 65,8% 0Opasumax 6bUM OOHapy>keHBI S. aureus us3
KOTOPBIX 17,9 % IITaMMOB NPOAYLMPOBAIN SHTEPOTOK-
CHMH TO/IbKO TuMa A, 2,6% mraMmMoB — TUIbl A + B 1 2,6%
mtaMMoB — A + C 9HTepOTOKCUHBI [14].

Taxkum 06pa3oM, eCTb PUCK UCIIONIb30BAHMS MsICa C 9H-
TEPOTOKCUTEHHBIMI HITaMMaMM S. aureus Ipu BBIPaOOT-
Ke ChIPOKOIYEHBbIX Kojbac, 4To YpeBaTo oOpasoBaHMEM
U HaKOIUIEHNeM B HMX TOKCMHOB. Kak m3BecTHO, cTadu-
JIOKOKKOBBIE 9HTEPOTOKCUHBI SIBJISIIOTCSI TEPMOCTAOUIIb-
HBIMU ¥ MTHAKTUBMPYIOTCA IIPY KUIISTYEHUM TOJIBKO depes
2,5-3,0 gaca, a mpu aBToKIaBupoBanuu mpu 120°C B Teve-
Hue 20 MUH.

Pesynbrarhl nccnenoBaHmii o ONTUMU3ALNN YCIOBUIA
KY/IbTUBUPOBAHNUA MOKA3a/ly, YTO aHAIPOOHBIE YCTIOBUA
KY/IbTVBYPOBAHNA IIOCEBOB IO3BOJAIOT YBEINUUTD Ce-
JIEKTUBHOCTb M CHELM(PUIHOCTD CeTIeKTUBHOI 0boraT-
tenbHOI cpeppl (MCB) n cenexTuBHOI Cpeqbl [ BbIfie-
neauss (MCA) S. aureus, 4TO TIO3BOJIUT BBIABUTH S. aureus
13 MPOAYKLMY M3TOTOBJIEHHOI C IpMMeHeHNeM CTapTo-
BBIX KY/IBTYP, MMEIOLIVX B CBOEM COCTaBe KOary/la3oHera-
TUBHbIE CTAPUIOKOKKIL.

Taxoke Hamu ObUIM pa3paboTaHBI IpaiiMepsl, I03BO-
nsomye MetooM TP npeHTNGNINMPOBAaTh SHTEPOTOK-
cureHHsle S. aureus. UyBCTBUTENIBHOCTb M Crieludud-
HocTh Metopa IIIIP B peaspHOM BpeMeHM IO3BOJIAET
IPOBOAVUTb HE TONBKO MACHTU(UKAINIO YUCTBIX KYJIb-
Typ, HO M CKPMHMHI 3SHTEPOTOKCUI€HHBIX IITAaMMOB
B IIPOAYKTE C OIpefe/leHMeM THUIA IIPOLYLUPYEMOTrO
UM TOKCUMHA. DTO MOATBEPXKAAETCA U B paboTax Jpyrux
MCCIefioBaTeniell, KOTOpble IIOATBEP)KIAIOT YTO METOf
[IIIP MoxxeT nMIIb NOATBEPAUTH HANN4YME B IPOAYKTE
SHTEPOTOKCUTEHHBIX LITAMMOB, HO He OIpefe/iATh Ha/lu-
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Successful amplification with the selected primers for
identification of the enterotoxin A, C and E genes is pre-
sented in Fig. 5 and Fig. 7; specificity of the reaction is
proved by the melting curves presented in Fig. 6 and Fig. 8.
In the melting curves, two clearly pronounced peaks can
be seen, which correspond to the primer annealing tem-
peratures at the sites of the genes for enterotoxins type A
and E (76 £1°C and 80 +1°C, respectively) and enterotoxin
type C (79 £1°C), which coincides with the theoretical cal-
culations for these amplicons.

As a result of the performed research, it was established
that both isolated strains were multitoxigenic; that is, they
contained in their genome the enterotoxin A gene (strain
NGI) and the enterotoxin C gene (strain NG2) in addition
to enterotoxin E gene.

This problem is topical worldwide and, therefore,
the studies are carried out in this field. For example, in
Slovakia, among 43 staphylococcal strains isolated from
different foods, 15 strains (34.88%) were enterotoxigenic
and 7 (16.28%) of them contained enterotoxin type A [13].
An analysis of the 444 meat samples performed in Japan
showed that 65.8% of samples contained S. aureus, of
which 17.9% strains produced enterotoxin type A, 2.6%
strains produced enterotoxin types A + B and 2.6% strains
produced enterotoxin types A + C [14].

Thus, there is a risk of using meat with enterotoxigenic
strains of S. aureus when manufacturing fermented
sausages, which can result in production and accumulation
of toxins in these products. It is known that staphylococcal
enterotoxins are heat-stable and are inactivated upon
boiling only after 2.5-3.0 hours and when autoclaving at
120 °C during 20 min.

The results of the study on optimization of the incu-
bation conditions demonstrated that anaerobic incuba-
tion conditions allow increasing selectivity and specificity
of the selective enrichment medium (MSB) and selective
medium for isolation (MSA), which allows isolation of
S. aureus from products manufactured with the use of
starter cultures having coagulase-negative staphylococci in
their composition.

We also designed primers that allowed identification of
enterotoxigenic S. aureus by the PCR method. The sensi-
tivity and specificity of the real-time PCR method make
it possible not only to identify pure cultures but to screen
enterotoxigenic strains in a product with determination of
an enterotoxin type produced by them. This is also con-
firmed by the works of other researchers, who proved that
the PCR method can only confirm the presence of entero-
toxigenic strains in a product, but does not detect the pres-
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gye ToKCMHa [15]. [lyA ompeneneHns TOKCUHOB UCIIO/b-
3y1oT VI®A tect-cuctemsl. [IpubopHoe obecrieuenne s
nposenenus VIOA sro npubop miniVidas (pupmsr bro-
Mepbe, Dpanius).

O603Ha4YMB PUCKY IIPU IIPOU3BOACTBE CHIPOKOITYEHBIX
KOJI0ac M MPEeJIOKUB METO/BI IX KOHTPOJIA, PEKOMEHY-
€M BBECTM B IIPOrPaMMy IIPOU3BOJCTBEHHOTO KOHTPOJIA
CIefyrolye MOKa3aTeIn: SHTePOTOKCUTEHHBIe S. aureus
B MACHOM CbIpbe U CTa(pMIOKOKKOBBIE SHTEPOTOKCHHBI
B TOTOBOJ IPOXYKIIVIN.

BriBoabr

Il mpeHTNUKAIMY SHTEPOTOKCUTEHHOCTY BBIABJICH-
HBIX CTa(UIOKOKKOB ObUIM HalifJeHbI U M3y4eHbl KOHCEp-
BaTMBHbIE YIACTKY IIOCTIEIOBATEbHOCTEl F€HOB-MIIIEeHeI
S. aureus, oTBevaolIye 3a BHIPAOOTKY PasINYHbBIX BUJOB
3HTepOTOKCMHOB (A, B, E, C, D). Taxxe cKOHCTpynpOBaHbI
KOpOTKUe (parMeHTbl HYKJIeMHOBON KMC/IOTHI (IIpaiiMe-
PBI), COOTBETCTBYIOIIE STVIM BBLIB/ICHHBIM T€HAM.

B pesynmbprate upeHTMUKanVM OBUIO YCTaHOBJIECHO,
4TO 2 BBIABJICHHBIX IITaMMa S. aureus ABJANNICH S9HTEPO-
ToKcureHHbIMU. OfMH U3 HMUX HIPOAYLMPOBAT TOKCHHBI
tuna A u E (utamm NG1), a Bropoit — Tokcuubl Tma C
n E (turamm NG2).

/3-3a cyIlecTBYIOUIMX T€XHOTOTMYECKUX PUCKOB IIpK
IIPOM3BOJCTBE CHIPOKOITYEHBIX KO/MOAC HeoO6Xomammo o0-
HOBUTD KpUTepyy 6€30IacHOCTY ¥ BBECTY VX B IIPOrpaM-
My IIPOM3BO/ICTBEHHOTO KOHTPOJIA.
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ence of a toxin [15]. To detect toxins ELISA test-systems
are used. The instrumentation for performing ELISA is an
apparatus miniVidas (bioMérieux, France).

After identifying the risks in fermented sausage manu-
facture and proposing the methods of their control, we rec-
ommend introducing the following indicators in the pro-
gram of the production control: enterotoxigenic S. aureus
in meat raw material and staphylococcal enterotoxins in
finished products.

Conclusions

To identify enterotoxigenicity of the isolated staphylo-
cocci, the conservative regions of the S. aureus target gene
sequences, which are responsible for production of different
types of enterotoxins (A, B, E, C, D), were found and studied.
In addition, the short fragments of a nucleic acid (primers)
corresponding to these revealed genes were constructed.

As a result of the identification by PCR method, it was
established that two isolated S. aureus strains were en-
terotoxigenic. One of them produced toxins type A and
E (strain NGI), the second produced toxins type C and E
(strain NG2).

Due to the existing technological risks in fermented
sausage manufacture, it is necessary to renew the safety
criteria and introduce them into the program of the pro-
duction control.
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