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AunnoTauus. KoHTaMHHAINS MHKPOOPraHU3MaMH MPOIYKTOB ITHTAHHs MPHBOAUT K M3MECHCHHIO X TEKCTYpBI, BKyca H apoMara,
CYIIECTBCHHO COKpAallaeT CpPOK XpaHeHHs. Pa3BHTHE BBICOKOMPOM3BOAMTENBHBIX MeTomoB aHanmu3a JIHK mosBomiio
YCOBEPILICHCTBOBATh CKPUHUHT MHUKPOOPTaHW3MOB, MMO3BOJISSI OJHOBPEMEHHO MPOBOIUTH aHANH3 CPa3y BCEX TAKCOHOB OaKTepHil.
Panee GBLIO MPOIEMOHCTPHPOBAHO, YTO BBICOKOIPONU3BOIUTEILHOE CEKBEHUPOBAHHE CIIOCOOHO BBISIBUTH MOTCHIUANBHO OIMACHBIC
MHKPOOPTaHU3MBI B Pa3IMYHEIX cyOcTpaTtax. Bbul npoBeeH aHamu3 GakTepraabHOro COCTaBa KHMCIOMOIOYHBIX MPOLYKTOB U CHIPOB C
MOMOIIBI0 BBICOKOIIPOM3BOIUTENBHOTO CEeKBEHHpOBaHMs. B iHoryprax Hamboiee OOHMIBHO TMpeNCTaBICHBI OaKTEpPUH M3 POIOB
Streptococcus u Lactococcus. Beutn oGHapy:KeHBI pojbl OakTepwuii, KOTOpBIC HE NOJDKHBI COIEPKATHCS B HOTYpTax B HOPME:
Enterococcus sp., Bacillus sp. u Staphylococcus sp. Kpome Ttoro, Obuin 0GHapyKeHBI YCIIOBHO-IIATOTCHHBIC OAKTEPHU POJOB
Enterobacter u Escherichia. B maBnenom ceipe 66110 Hanboiee pazHoo6pasHoe MUKpoOHOE coobiecTBo. Takke ObUTH 0OHAPYIKEHBI
pobl OakTepHii, KOTOpbIE B HOPME HE JOJDKHBI COJEPKaThes B IU1aBieHoM ceipe: Bacillus sp., Staphylococcus sp. u Enterococcus sp.
Taxke ObUIM OGHApY)KEHBI YCIOBHO-TIaTOreHHbIe Gakrepuu poaos Proteus (7,31%), Klebsiella (3,94%), Escherichia (2,56%). B
TBOporax Hambosee oOWIbHBIME ObLTH OakTepuu u3 pomos Lactococcus, Lactobacillus u Streptococcus. Beuti 0OHapy KEHbBI POIBI
GakTepHii, KOTOPBIC B HOPME HE JOJIKHBI COZEpKaThesl B TBOporax: Acetobacter sp., Acinetobacter sp. u Lysinibacillus sp. Hecmotpst
Ha TO, YTO B MCCIEIOBAHHBIX MPOAYKTAX B HAMOONBIINX OTHOCHTENBHBIX KOJHYECTBAX OBUTH BBISBICHBI MOJOYHOKHCIIBIC OaKTePUH,
MOJIyYeHHBIE TaHHbIE CBHICTENBCTBYIOT O TOM, 4TO, HEOOXOANM 0ojiee CTPOTHA TMOIXOI K KOHTPOJIO KadecTBa KHCIOMOIOYHON
npoaykiuu. ITouTH BO BCeX NPOAYKTAX, KOTOPBIC MOJ(BEPraiCh aHAN3Y, IPUCYTCTBOBAJIN YCIOBHO-IIATOrCHHbIC GaKTEPHUH.
KiroueBble cj10Ba: KHCIOMOJIOYHAS TPOAYKIIHS, BHICOKOITPOU3BOJUTENLHOE CCKBEHUPOBAHHE, OaKTEPHH, HACHTH(HKALHS, YCIOBHO-
[aTOT€HHbIE MUKPOOPTaHU3MBI
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Abstract. Contamination by microorganisms of food products leads to a change in their texture, taste and aroma, significantly reduces
the shelf life. The development of high-throughput DNA analysis methods has made it possible to improve the screening of
microorganisms, allowing simultaneous analysis of all bacterial taxa at once. It has previously been demonstrated that high-throughput
sequencing is able to identify potentially dangerous microorganisms in various substrates. The bacterial composition of fermented dairy
products and cheeses was analyzed using high-throughput sequencing. In yoghurts, bacteria from the genera Streptococcus and
Lactococcus are most abundantly represented. Genera of bacteria were found that should not be contained in yoghurts normally:
Enterococcus sp., Bacillus sp. and Staphylococcus sp. In addition, opportunistic bacteria of the genera Enterobacter and Escherichia
were found. The processed cheese had the most diverse microbial community. Genera of bacteria that normally should not be contained
in processed cheese were also found: Bacillus sp., Staphylococcus sp. and Enterococcus sp. Opportunistic bacteria of the genera Proteus
(7.31%), Klebsiella (3.94%) and Escherichia (2.56%) were also found. Bacteria from the genera Lactococcus, Lactobacillus and
Streptococcus were the most abundant in cottage cheese. Genera of bacteria were found that normally should not be contained in
cottage cheese: Acetobacter sp., Acinetobacter sp. and Lysinibacillus sp. Despite the fact that lactic acid bacteria were detected in the
studied products in the largest relative abundance, the data obtained indicate that a stricter approach to quality control of fermented
milk products is needed. Opportunistic bacteria were present in almost all the products that were analyzed.
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OmHako MMpoKOe MHOT000pas3ye BUIOB, HACEIISIOIINX
paziIn4HbIe cpeibl OOMTaHMS, & TAKXKE CPABHUTEIIHHO
HeOOJIBIII0E KOJTMYECTBO KyIbTUBHPOBAHHBIX BUJIOB,
3aTpyIHSET MX M3y4YCHHE KIACCHUYECKUMH METO-
namu [2]. Pa3BuTHe BBICOKOIPOU3BOIMTEIBHBIX
MeronoB aHanuza JJHK mpuBeno k ycosepiueH-
CTBOBAaHHMIO CKPHHHMHTa MHKPOOPTaHU3MOB [3].

BBenenue

Becomblii BKJ1a]] MUKPOOHBIX COOOIIIECTB BO
MHOECTBO IPOIECCOB Pa3IMYHBIX OTpaciei,
BKJIIOYAsd CEJIbCKOE XO3AWCTBO U MHUUIEBYIO
HPOMBIIIIEHHOCTh, CIIOCOOCTBYET MX aKTHBHOMY
HCCIIEIOBAHMIO CO BCEX BO3MOXKHBIX paKypcos [1].
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OOumii npuHUUN (YHKUUOHUPOBAHUS METOAOB
BBICOKOIPON3BOANTENIFHOTO CEKBEHUPOBAHUS CBO-
nmutcs K cozpanvio JJHK-6nubmiorek, nx uMMOOMIIH-
3allii Ha MUKpocdepax MM MPOTOYHBIX sSYeHKaXx,
aMITUQUKAaLWY, THOPUAU3ALMU ¢ TpaiiMepaMu U
HETIOCPEICTBEHHO  CAMUM  CEKBEHHPOBAHHEM.
KnroueBbIM IperMyIIeCTBOM METO/Ia SIBJISIETCS TO,
YTO 32 OJIUH 3aIyCK MOKHO aHAJIM3UPOBAThH Cpaszy
MHOKECTBO y4acTKoB reHoma [4]. Ilpu sTom oco-
OCHHO aKTyaJIbHO HCIIOJIE30BaHNE PHOOCOMATIBHBIX
TEHOB B Ka4eCTBE MApKEPOB, MO3BOJLSIIOMINX U de-
PEHLIPOBATh MUKPOOPTaHU3MBI U LIEJIbIe MUKPOOHBIE
coobmectsa [5]. Tlomamnsromiee OONBIIMHCTBO
OakTepuil XapaKTepHU3YIOTCsI PUCYTCTBUEM B Te-
HoMme rena 16S pPHK. BricokonpounsBoaurensHoe
CEKBEHMPOBAHHE I03BOJISIET BBIIBIATH MOTEHLIH-
aNBHO OIAacHbIE MHUKPOOPTaHU3MBI (TaKkhue Kak
Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes u Salmonella enterica) [6].

3arpsi3HeHHe NPOAYKTOB MUTaHUS MUKPOOP-
raHU3MaMH TIPUBOJUT K M3MEHEHHIO UX TEKCTYPHI,
apoMara M BKyca, COKpaIlaeT CpOK XpaHeHus [7].
Panee ¢ momouIpi0 BBICOKONPOU3BOAUTEIHLHOIO
CEeKBEHMPOBaHHUs yjanoch BeisiBUTH Bacillus cereus
B cocraBe ceipa. Hammume cnop Bacillus cereus
CIOCOOCTBYIOT €ro Mnopue, COKpariasi Cpok roAHOCTH
npoaykipn [8]. CTepuiIbHOCT M YHCTOTA MPOM3BOI-
CTBa— BOXKHBIC COCTABIISFOIIME KaYeCTBA MPOIyKTa [7].
Tak, ObIIO YCTaHOBICHO, YTO BEPOSITHOCTH OPYHU
npoaykToB OGakrepusmu Pseudomonas sp., Psychro-
bacter sp., Acinetobacter sp. HampsiMyro CBsi3aHO
C HalIM4yueM OJTHX OakTepuil B OKpy’Karomiei
npou3BoACTBO obcTanoBke [9].

Taxoke ObIIIO TOKA3aHO, YTO BBICOKOTIPOH3BO-
JUTEIIHOE CEKBEHUPOBAHNE MOXKET OBITH HCIIOJb-
30BaHO JJIsI OLEHKH OTHOCHUTEIBHBIX KOJIMYECTB
U CBOWCTB MOJIOYHOKHCIBIX Oakrepuit [10-13].
Bricokonpon3BoMTENIbHOE CEKBEHUPOBAHKE IIIPOKO
UCIIOJIB3YETCS AJIS1 KOJIMUECTBEHHON OLEHKH Oak-
TepHii B pepMEHTHPOBAHHBIX MpoaykTax [14-19].

MarepuaJjbl 1 MeTObI

B kauyectBe OOBEKTOB HCCIICAOBAHUS HC-
MOJIb30BAJIA 00Pa3Iibl MTUTHEBOTO HOTYpPTa, I'YCTOrO
Horypra, TBOpOra, TBOPOKHOW MAacChl U CJIMBOYHOTO
TJIABJICHOTO CHIpA.

JHK Beiensuin ¢ momoripid  Habopa
ZymoBIOMICS DNA Microprep Kit (Zymo
research, CI1IA) B cOOTBETCTBHH C peKOMEHIAITUSIMU
npousBoautenst  (https:/files.zymoresearch.com/
protocols/_d4301_d4305_zymobiomics_dna_micr
oprep_Kkit.pdf).

bakrepmaneayro JIHK ammmmduimposamn
C TIOMOIIBI0 YHUBEPCAILHOTO MPSIMOTO Mpaimepa
785F (GGATTAGATACCCTGGTA) u obpaTHOTO
npaiimepa 1100R (GGGTTGCGCTCGTTG) [20].
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TP npoBoammu Ha 5X ScreenMix-HS Master Mix
(EBporen, Poccusi) B cnenyromem pexume: 94 °C,
4 muH, 3ateMm 37 uumkinoB: 94 °C, 30 cek, 53 °C,
30 cek, 72 °C. B Teuenue 30 cex ¢ OKOHYATEIIHHOM
anouranueit npu 72 °C B TeueHUE 5 MUH.

[ponykter [IHP ounmanu ¢ MOMOIIbIO
MarHuTHBIX mapukoB AMPure XP (Beckman
Coulter, CIIIA) u ucnonp30BaIu s MOCTPOCHUS
OMOIMOTEK CEKBEHHWPOBaHUS C HUCIOIb30BAHHEM
Habopa Ion AmpliSeq Library Kit 2.0 (Thermo
Fisher Scientific, CILIA) B COOTBETCTBHH C PEKOMEH-
mamusmu - nipomsBomutens.  [ltpux-komupoBanme
NPOHU3BOAMIIOCH C MOMOIIBIO AJaNTEPOB MITPUX-
koxaa lon Xpress (Thermo Fisher Scientific, CILIA).
Konnenrpamuio JIHK B 6ubnmoTeke ompenemnsiin
MetozioM [P B pealbHOM BpEMEHH C UCTIONB30BAHUEM
HaOopa I KOJIMIECTBEHHOTO aHaJIM3a OMOIHOTEK
lon Torrent Platforms (Kapa Biosystems, CIIIA).

CekBeHHpPOBaHUE MPOBOAMIN B CHCTEME
IonTorrent PGM ¢ mcmons3oBaHneM Habopa uist
cexBenupoBanus lon PGM Hi-Q View, cucremsl
Ton OneTouch 2 u Ha6opa Ion PGM Hi-Q View OT2
(Thermo Fisher Scientific, CILIA).

PesyabTaThl u 00cyxIeHne

i1 OLIEHKH OTHOCUTENBHOM OOMIBHOCTH
OaxTepuii B MCCIEAYEMBIX MPOAYKTAaX OLEHUBAIN
COOTHOIIIEHHE PUJIOB, MOJyYEHHBIX B XO7Ie IIPOBe/ie-
HHS BBICOKOIPOM3BOAUTEIILHOTO CEKBEHUPOBAHUS,
Juist pasabix OTU.

Ha pucynke | wu3oOpaxkeHa aguarpamma,
OTpaXkaromasi COOTHOIIIEHNE OaKTepwii B 00pasIie
nuTheBOTO Horypta Nel.

HaubGonee oOwibHBIME OBUIH OakTepUU
u3 poaos Lactococcus u Streptococcus —23,79% u
48,39% COOTBETCTBEHHO. ITO SIBJIACTCSI HOPMATLHOU
MuKpodIopoii s HoryproB. beun oOHApYKEHBI
poIbl 6aKTepuii, KOTOpHIE B HOPME HE JIOJDKHBI COE-
*xatbes B Horyprax: Bacillus sp., Staphylococcus sp.,
Enterococcus sp. Kpome Toro, 661t 06HapyKeHBI
YCIIOBHO-TIATOreHHbIe OakTepuu ponoB Escherichia n
Enterobacter. Taxxe ObUTH HCCIIETOBAaH OAKTEPH-
QIIBHBII COCTaB IYCTOr0 HOrypTa (PHUCYHOK 2).

Haubonee oOminbHBIME OBUIH OakTepuu w3
ponos Lactobacillus u Streptococcus — 19,81% u
56,77% COOTBETCTBEHHO. DTO SBISAETCS HOPMaJIb-
HOW MHKpoduopoit as WoryproB. Tak ke Kak u
MUTHEBOM HOTYpTE, B HE MTUTHEBOM HOTypTe ObUIH
oOHapyKeHbl pojibl OakTepuil, KOTOpBIE B HOpPME
He J0JDKHBI cozepxarhes: Bacillus sp., Staphylo-
coccus sp., Enterococcus sp. beutn o6HapykeHbI B
3HAUUTEINIBHBIX KOJMYECTBAX YCJIOBHO-TIATOTEHHbIE
6axrepun poma Enterobacter.

Janee ObL1 MpoBeieH aHATIN3 MUKPOQIIOPHI
IIaBjiIeHOTO chipa. Ha pucynke 3 wm3obOpaxeHa
Juarpamma, OTpakaromas MHUKPOOHOIOTHYEeCKH
COCTaB IUIaBJICHOTO CHIPA.
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Escherichia; 1,76%

Enterobacter; 2,27%

Enterococcus; 6,10%
S

Lactobacillus; 0,30%

Pucynok 1. CooTHomeHne pofoB OakTepuii B MUTHEBOM
norypre
Figure 1. Ratio of bacterial genera in drinking yogurt

Pi icrobium;
0,47%
Exiguobacterium;.
0,13% Aerococcus;
0,12%

Lachnospiraceae; . Acetobacter;

Acinetobacter;.
2,19%

Escherichia;
2,56%

Staphylococcus;
0,02%

Enterobacter;

3,88%
Klebsiella; 3,94%

Lactobacillus;
7,37%

Pucynoxk 3. CooTHomeHne posoB 0akTepuii B IUTaBICHOM
chIpe

Figure 3. Ratio of bacterial genera in processed cheese

Ha6monanocs Gosbiiioe OGuopaszHooOpasue
OaxTepuii B raBieHoOM chipe. HanGoree oOwmib-
HbIMU ObLTM OaKTEepuM U3 PojoB Streptococcus u
Lactobacillus — 22,28% wu 25,77% cootBer-
CTBEHHO. bBbumn oOHapykeHBl poabl OakTepui,
KOTOpbIe B HOpPME HE JIOJDKHBI COJCPIKAThCS B
iaBieHoM ceipe: Bacillus sp., Staphylococcus sp.,
Enterococcus sp. Takxe ObLTi 0OHAPYKEHBI yCIIOBHO-
matoreHHpie Oaktepuu pomoB Proteus (7,31%),
Klebsiella (3,94%), Escherichia (2,56%).

Kpome Toro, Obua npoaHaii3upoBaHa MUKpO-
¢nopa tBopora. Ha pucynke 4 n3oOpaxena aua-
rpamMma, OTpakaroliasi MUKPOOUOJIOTMYECKHUi coCTaB
KJIACCUYECKOTO TBOPOTa.

Haubonee oOunbHbIMEH ObLIM OakTepuu W3
ponos Lactococcus, Streptococcus u Lactobacil-
lus— 65,70%, 17,66% u 14,67% COOTBETCTBEHHO.
beutn  0OHapyKeHbl pOJIbI OaKTepHii, KOTOpBIC
B HOpME HE JOJDKHBI COJIEpIKAaThCS B TBOPOTax:
Lysinibacillus sp. u Staphylococcus sp. Kpome
TOTr0, OBUTH OOHApYKEHBI YCIOBHO-TIATOTCHHBIE
6axtepun poaa Clostridia (0,73%).
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Staphylococcus;

Bacillus; 5,14%

Enterococcus; 5,17%,

Lactococcus; 0,17%

Pucynok 2. CooTHOIIEHHE POIOB OaKkTepuil B T'YCTOM
Horypre
Figure 2. The ratio of bacterial genera in thick yogurt

Staphylococcus;
0,04%

Lysinibacillus; Sedimentibacter;
0,94% ,26%

Clostridia;
0,73%

Pucynox 4. CoorHomenne
KJIACCHYECKOM TBOPOTE

Figure 4. The ratio of bacterial genera in classic cottage
cheese

ponoB OakTtepuii B

Ha pucynke 5 m3o0paxena nuarpamma, otT-
pakaromasi MHKPOOMOJOTMYECKUH COCTaB TBO-
POXHOM MaccChl.

Fr illus; 5,56% .

Acetobacter; 0,25%. 0.95%

Acinetobacter; 0,97%

Pucynok 5. CootHouienue
TBOPOXKHOU Macce

Figure 5. The ratio of bacterial genera in the curd mass

Oakrepuit B

poaoB
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HawnGomee oOMIBHBIME OBUTH HOPMAaJTEHEBIE
JUTsl TBOPOXKHOM Macchl OakTepuu u3 poAos Lactococ-
cus, Lactobacillus u Streptococcus — 42,20%, 28,48%
u 19,27% cootBercTBeHHO. bpiin 0OHapys>KeHBI
ponel OGaKTepHii, KOTOpble B HOPME HE JOJDKHBI
coziepKaThCsl B TBOPOXKHOM Macce: Acetobacter sp.,
Acinetobacter sp. u Staphylococcus sp. Oxrako ux
OTHOCUTENILHOE cojepkaHue Obuto meHee 1%.
YcnoBHO-TTaTOTeHHBIE OaKkTepun He 00HAPY KEHEI.

3aKiIroueHne

B xoxe aHanmu3a KUCIOMOJIOYHOM IPOIYyK-
oun 6LIJ'II/I BBISIBJICHBI KaK 6aKTepI/II/I HOpMaHLHOﬁ
MHKPODIIOPHI, TaKue Kak Lactococcus,
Lactobacillus u Streptococcus, Tak u Oaktepum,

post@vestniR-vsuet.ru

KOTOpBIE B HOpPME€ HC OOJDKHBI NPUCYTCTBOBATH
B IPOYKTE, CPpear KOTOPBIX CAMBIMU PacCIpoCTpa-
HeHHBIMH ObLTH Staphylococcus sp., Bacillus sp. u
Enterococcus sp. Takxe ObUIM HIEHTHOUIUPOBAHEI
YCIIOBHO-TIaTOTeHHBle  OakTepun pojaoB  Proteus,
Escherichia, Klebsiella u Enterobacter, xoropsie
o0ceMeHsTH HOTYPTHI U IJIaBJIEHBIN CBIP.

BaarogapHocTs

Pabora BrImoNHEHA U HoAEepkKe MuHHCTEp-
CTBa HayKM M BBICIIEr0 oOpa3oBaHus Poccuiickoit
®Deneparyy B paMKax HaIlOHAJIBHOTO mpoekTa «Hayka»
(mpoext FZGW-2020-0001, yHnKaIbHBIH HOMEp peecTpa
rocynapctBeHHbBIX 3ananuii 075001X39782002)
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